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C.5 ECOLOGICAL STATUS AND HEALTH

C.5.1 114TRODUCTION

Information on the ecological status and health of biota populations and communities at Rocky

Mountain Arsenal (RMA) was provided to fulfill two general objectives: to provide a general

characterization of plant communities, animal habitats, populations and communities at RMA

from a regional perspective, and to evaluate the potential for specific ecological effects of RMA

contaminants on biota as revealed by defined ecological-effect endpoints. The first objective is

consistent with the U.S. Environmental Protection Agency (EPA) guidance on providing site

characterization, which provides a context within which to consider risk to receptors of potential

contaminants when pathways exist from abiotic media such as soil, sediment, and water. The

second objective is consistent with the effects evaluation portion of an ecological risk assessment

(EPA 1989a, 1992a) since it identifies the effects of contamination on populations or

communities when endpoints appropriate to the contaminants of concern (COCs) have been

measured. The studies used for characterizing RMA biota and for the evaluation of effects come

from a variety of existing documents that are published and available in the RMA Technical

Information Center (RTIQ at RMA, including the Biota Remedial Investigation (RI) (ESE 1989),

Biota Comprehensive Monitoring Program (CMP) (RLSA 1990,1992), and various U.S. Fish and

Wildlife (USFWS) studies.

This ecological status and health section is not intended to offset the quantitative characterization

of potential ecological risk based on toxicological endpoints. Rather, it is intended to provide

context and additional information to guide the interpretation and application of the results of the

quantitative characterization of potential ecological risk.

Ecological risk assessment guidance (EPA 1989a) emphasizes and defines effects at the

population and community levels. This guidance discusses lethal and sublethal toxicant effects

in the context of their impacts at the population level. Updates to current EPA risk assessment

guidance acknowledge that while contaminant exposure occurs at the level of an individual

organism, populations, communities, and ecosystems are the crucial levels on which to focus
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evaluation and management (EPA 1992a, b). In keeping with EPA guidance (1989a) this section

incorporates information on the health and status of the population, community, and ecosystem

and health at RMA from all available and pertinent sources.

Ecological health must be defined in the context of contaminant effects. For purposes of this risk

assessment, ecological health is defined as consisting of the normal range of those ecological

characteristics identified by EPA (1989a, pg. 42 to 43) as providing a basis for selecting

appropriate assessment endpoints. A population is defined as the individuals of an interbreeding

group of organisms of the same species (Hickman et al. 1979). Contamination effects are

evaluated in the context of their impacts on populations. Populations are appropriately defined

on a species-specific basis. For sedentary species, populations may be definable within the

confines of specific contaminated sites. For more mobile species, however, populations cannot

be defined and population parameters cannot be measured at anything less than an RMA-wide

scale. Such individuals utilize ranges that include contaminated and uncontarriinated areas and

occasionally include more than one contaminated area. It is these mobile, upper-trophic level

species that would be expected to be most sensitive to contaminant effects and that must be

assessed in the context of their inclusion in populations that extend beyond the RMA boundaries.

These are populations that occupy a particular region characterized by a habitat or habitats that

are more or less contiguous and occur within a major biogeographic region (e.g., short grass

prairie and associated habitats such as riparian woodland, pasture land, and wetlands).

RMA is unusual among Superfund sites in that it contains extensive areas with low levels of

contamination as well as several areas with high levels of contamination. Some other very

important attributes of RMA are its large size (27 square miles), proximity to a major urban area,

extensive areas of native grassland habitat, and sizable populations of deer, prairie dogs, and

raptors. Along the Colorado Front Range-and nationwide-these characteristics make RMA

a very unique site for an ecological risk assessment.
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C.5.2 ECOLOGICAL CHARACTERIZATION AND STATUS

To provide a context for the consideration of potential risk, ecological data are used to

characterize the plant communities, the wildlife habitats these communities provide, and the

wildlife species that are present in these communities. This section describes the ecosystems at

RMA.

C.5.2.1 Plant Communities and Animal Habitats at Rocky Mountain Arsenal

The structure of RMA plant communities and the wildlife habitats they provide results from

interactions between native and introduced species of plants and animals, historical and current

land-use practices, and abiotic factors such as climate, geology, and topography. RMA is situated

within a temperate grassland region and is part of a broad ecotone (transition zone) between

montane and plains habitats. Native vegetation of the region consists primarily of open semiarid

grasslands, with some areas of yucca, shrubland, woodland, and riparian habitats. Human societal

changes in the region have altered the landscape to a mosaic of agricultural, developed (industrial

facilities, residential areas, and successional parcels), and native habitats. At present, 41 percent

of the RMA land surface supports early successional vegetation communities; an additional 19

percent of RMA land surface is vegetated by crested wheatgrass, which was used in the 1930s

and 1940s to stabilize erodible land (MKE 1989b). The remainder of the vegetated land surface

at RMA consists of native grassland (28 percent), and smaller areas with shrubland, patches of

yucca, riparian woodlands, cattail marshes and other wetland types, locust and wild plum thickets,

upland groves of deciduous trees, and ornamental plantings that collectively comprise the

remaining 12 percent of RMA (MKE 1989b; Attachment C.5-2, Rocky Mountain Arsenal

Vegetation Classification Map). Each of these varied vegetative groups provides potential

wildlife habitat.

The occurrence of native forbs in the grassland areas is variable depending upon substrate and

climate (MKE 1989b). Common perennial forbs in addition to those already named include

American vetch, prairie clover, silvery lupine, narrowleaf and white penstemon, prairie

coneflower, prairie aster, hairy golden-aster, western wallflower, scarlet globernallow, scarlet
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butterfly-weed, skeleton-weed, green-thread, evening primrose, sand verbena, and wild

buckwheat. Prickly pear cactus and pasture sage may be locally abundant. Annual forbs include

woolly plantain, prairie peppergrass, and narrowleaf goosefoot. Six-weeks fescue, an annual

grass, is a widespread component of all grasslands.

Riparian woodlands and associated wetland areas occur along water courses. Plains cottonwood

and peachleaf willow dominate the overstory, with lesser numbers of box-elder. The understory

includes shrubby willows as well as a variety of midgrass and tallgrass species such as yellow

Indiangrass, slender wheatgrass, switcligrass, and Canada wildrye. Golden currant, wild rose,

chokecherry, and snowberry may also occur in moist areas, and wild plum and hawthorn may

form dense thickets in such sites. Cattails and bulrushes may dominate minor drainages.

Western wheatgrass and inland saltgrass are conspicuous dominants on bottomlands with finer

saline soils.

The occurrence of shrubs and subshrubs is also variable, depending upon substrate and

topography. Fringed sage, rubber rabbitbrush, broom snakeweed, and winterfat clusters occur

on coarse soils. Sand sagebrush occurs on deep sand soils and yucca on areas where bedrock

is near the soil surface. Each of these shrubland types is somewhat limited both at RMA and

regionally due to agricultural conversion to cropland and development. Much of the wildlife at

RMA depends on the habitat values that shrubland areas provide. There are also many

windbreaks and thickets of New Mexico locust (which is a result of landscaping activity by

previous landowners) that provide many of the same habitat values as shrublands, but have

greater structural diversity.

Non-native weedy forbs and grasses are widespread at RMA as a result of abandoned agricultural

fields or other surface disturbances (e.g., tracks and disturbances from vehicular traffic associated

with military maneuvers, facility maintenance, and off-road traffic) that removed the existing

vegetation but was not followed by revegetation with perennial cover. Further, plant-community

development is very slow in the semiarid climate at RMA, especially after exotic, weedy
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vegetation is established. Even though dominated by "less desirable" vegetation, weedy habitat
receives considerable use by wildlife. In addition, annual and perennial weedy forbs present in
other habitats provide forage for a variety of wildlife.

Some minor habitat modification projects have been conducted by USFWS and Shell Oil
Company (Shell) to improve habitat for selected wildlife species. While these projects have
necessarily involved the alteration of certain habitats through an initial plowing, the total acreage
is minimal (i.e., less than 500 acres total), the habitats impacted were of uniformly low wildlife
value (e.g., cheatgrass habitats), and the period of low resource availability was restricted to I
year or less. Although it has not been specifically assessed, the effects of these habitat
modification projects on wildlife are expected to have been more beneficial than deleterious.

C.5.2.2 Animals at Rocky Mountain Arsenal

Formal ecological inventories of the biota resources at RMA began in the rnid-1970s (RLSA
1988). These inventories have documented a diversity of species that vary in their habitat
selectivity. Some species are generally confined to specific habitat types (e.g., Brewer's sparTow

requires sagebrush shrublands), while other species inhabit a range of habitat types (e.g., black-
billed magpie and coyote can be found in all terrestrial habitats at RMA). For RMA fish
communities, management history also plays a particularly important role in determining the
species present and their population dynamics.

The species of wildlife, fish, and other terrestrial or aquatic organisms at RMA serve as potential
receptors of RMA contaminants present in the soil, sediment, or water of RMA when an exposure
pathway is present that allows contaminant uptake. Species that grow in, burrow in, or ingest
soil or sediment or that take dust baths in soil may take in contaminants that are present on soil
particles. Similarly, species that ingest water or swim in it may take in contan-dnants that are
dissolved in water or adhering to sediment particles suspended in the water. Contaminants that
enter RMA food webs in this way are passed from prey to predator species.
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C.5.2.2.1 Mammals

Twenty-six species of mammals have been observed at RMA (Attachment C.5-1, Table 2),

including all of the common mammals that inhabit the prairie grasslands of the Colorado Front

Range (Armstrong 1972; Bissel and Dillon 1982). Desert cottontails, black-tailed jackrabbits,

thirteen-lined ground squirrels, black-tailed prairie dogs, kangaroo rats, and numerous other small

mammal species make up the major prey base at RMA. Badgers and coyotes are the principle

carnivores. Mule deer are abundant in all habitats, and white-tailed deer frequent the riparian

woodlands. Areas of musk thistle and cheatgrass can provide cover and green forage for deer

in the winter, wetlands occasionally support muskrats and raccoons, and shelter belts provide

habitat for fox squirrels, striped skunks, foxes, and other mammals.

C.5.2.2.2 Birds

RMA habitats are primarily open grassland and weedy plains, and a variety of ground-nesting

songbirds and other birds preferring such open habitat are common (Attachment C.5- 1, Table 1).

At least two regionally rare or declining species (Cassin's sparrow and Brewer's sparrow) are

relatively common breeding birds at RMA (Webb et al. 1991). Regionally, these two species are

restricted to ungrazed sites with dense cover.

Prairie rangelands are often interspersed by woodland, shrubland, or landscaped areas whose trees

and shrubs provide potential nesting habitat for raptors, songbirds, and other taxa. Raptor

population density and species diversity are comparable to these characteristics of other regional

sites (MKE 1989a). Winter raptor populations, particularly of the bald eagle, are a primary

attraction for the 20,000 to 30,000 visitors to RMA during this season (USFWS 1992b).

Riparian corridors, woodlands, wetlands, and aquatic habitats also attract particular assemblages

of bird species. Areas dominated by an overstory of musk thistle and an understory of cheatgrass

support numerous pairs of lark buntings during the summer. In general, the RMA avifauna in

these habitats is similar to that in comparable local habitats in the region (MKE 1989a), although

the bald eagle winter roost at RMA is one of only five such sites in the region.
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One hundred seventy-six species of birds (approximately 40 percent of all bird species recorded

in the state of Colorado [Bailey and Niedrach 1965; Chase et al. 1982]) have been observed at

RMA (Attachment C.5-1, Table 1). The species richness of RMA avifauna is high relative to

that in the region. There is an official Breeding Bird Survey route established on RMA. This

route has been assigned to Stratum 36 of the Breeding Bird Survey system on the basis of its

natural land use. The breeding bird survey conducted at RMA in 1991 documented 1,456

individuals of 51 species, which was the highest recorded species richness in the region in 1991

(USFWS 1992c). No other route in Stratum 36 has recorded more than 50 species since 1968

(Peteýohn, per. comm.). In 1992 and 1993, RMA recorded 39 and 42 species, respectively

(USFWS 1994).

C.5.2.2.3 Reptiles and Amphibians

Although reptiles and amphibians are not common at RMA, several species may be encountered

in nearly every habitat type. Incidental observation has recorded 61 percent or 17 of the 28

species of reptiles and amphibians that could potentially occur at RMA (Attachment C.5-1, Table

4). The native grasslands support plains spadefoot toad, short-homed lizard, lesser earless lizard,

and prairie rattlesnake. A great number and variety of amphibians and reptiles occur in riparian

habitat, including the littoral zone of permanent water and temporary pools. Commonly observed

species include tiger salamander, striped chorus frog, leopard frog, painted turtle, and various

garter snakes. Other reptiles and amphibians are more or less ubiquitous at RMA. These include

plains garter snake, bull snake, eastern yellow-bellied racer, and Woodhouse's toad.

C.5.2.2.4 Aquatic Life

The aquatic resources of RMA include four sizable impoundments (i.e., Upper Derby Lake,

Lower Derby Lake, Lake Ladora, and Lake Mary) and one smaller nearby water body (Rod and

Gun Club Pond), collectively referred to as the Lower Lakes; three minor water bodies (i.e.,

North Bog Pond, Havana Pond, and Toxic Storage Yard Pond); and a fairly persistent stream

(First Creek). Of these resources, the Lower Lakes occupy the largest volume and support the

largest extent of RMA's fisheries, waterfowl, and littoral and limnetic habitats. The Lower Lakes
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(except Rod and Gun Club Pond) were also a part of the cooling system for the South Plants
manufacturing facilities and so received contarninant input from periodic leaks and spills.

Due to the extensive wildlife, fisheries, and recreational resources they support, as well as to the
concurrent issues of contamination, the Lower Lakes have received a good bit of attention from
biological investigators since the early 1950s. Waterfowl mortality in the Lower Lakes was one
of the first indications of wildlife damages related to operations at RMA. While there had once
apparently been a fishery in these lakes, there were no fish present in 1951 (Hyman 1953).
Several years later, it was reported that there were no fish or amphibians in the Lower Lakes and
that waterfowl die off was estimated to be 2,000 birds per year in late winter and early spring
when mud flats were exposed and migrations brought large numbers to the area (Finley 1959).
In 1964 and 1965, Upper and Lower Derby Lakes and Lake Ladora were drained and the
sediments were removed in an effort to clean the lakes (Rosenlund et al. 1986).

Fisheries were established in the Lower Lakes through stocking in the late 1960s (Bartschi 1968)
and population and status trends were monitored on a fairly regular basis through the 1970S (U.S.
Army 1973; Bartschi 1975; Rocky Mountain Fisheries Consultants 1977). Species identified in
the RMA lakes are listed in Attachment C.5-1, Table 3. While the fisheries have required active
management, they have generally been productive with respect to growth and numbers of
individuals. In addition to the periodic addition of predatory and/or prey species, the lakes have
been managed by adjusting the water levels.

Despite these efforts, contaminants have been reported to occur in the sediments of all four of
the large Lower Lakes (Myers et al. 1983; Myers and Greg 1984; Bergersen et al. 1984).
Dieldrin and aldrin were the most ubiquitous of contaminants found, with an average dieldrin
level in Lower Derby Lake of 0.034 micrograms per gram (pg/g). In Upper and Lower Derby
Lakes and Lake Ladora, contaminants reached their highest levels in the upper organic sediments
near the inflow points and in the deepest parts of the lakes. In Lake Mary, the contaminants
were distributed more evenly through the upper sediments of the lake. Contaminant levels in the
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lake water itself were generally below detection limits for all of the bodies of water that were
measured. Rosenlund et al. (1986) reported no water samples with contaminant levels above
detection limits for any of the four larger lakes. Myers and Greg (1984) reported one water
sample from Lake Mary had a dieldrin concentration of 0.02 pg/g.

Contaminants have also been reported to occur in the tissues of the fishes of the Lower Lakes
by a number of studies conducted during the 1970s and 1980s (U.S. Army 1975; Thorne 1982;
Rosenlund et al. 1986). Rosenlund et al. (1986) reported that, although the principle contaminant
sink lies in the sediments, some of the COCs are available to the system via a process of uptake
and mobilization by the aquatic vascular plants. They found widespread levels of aldrin and
dieldrin that were above detection limits in the biota for these lakes and found a general trend
for bioconcentration and bioaccumulation, with the highest levels found in the fatty tissues of the
top predator fishes (i.e., largemouth bass and pike). These levels were generally below the U.S.
Food and Drug Administration (FDA) action guidelines for commercial fish products (Rosenlund
et al. 1986).

MKE (1989c) conducted population-level assessments of the phytoplankton, zooplankton,
macroinvertebrate, macrophyte, and fish populations of the Lower Lakes, comparing each of the
populations to the rest and to populations in an off-post control lake (McKay Lake, Adam s
County, Colorado). The control lake was selected because it is similar to the Lower Lakes in
size, morphometry, substrate, and fish species composition. The biota communities of the Lower
Lakes were generally found to be comparable to the off-post lake and within the expected ranges.
The fish communities were "healthy, reproducing and included many large individuals."
Differences did occur both between the RMA and control lakes and among RMA lakes
themselves. These differences appeared to be predominately attributable to differences in
stocking (e.g., predator species introduced) and management regime (e.g., macrophyte density),
and not to any trends of contamination. It is imperative that such results of management not be
construed as indicative of contaminant effects. For example, in discussing the disappearance of
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bullheads from the RMA lakes, USFWS (1993a) states that "bullheads have successfully been

eliminated" as a result of stocking of predator species.

USFWS has assessed RMA's fisheries since 1979 through standardized gill net sampling,

electrofishing, and an angler satisfaction survey (USFWS 1993a). The focus of this sampling

program, as reported, is on the "maintenance of a high quality sport fishery." Data from these

samples indicate that populations are within normal parameters of growth rate, weight/length

ratio, and numeric distribution for lakes in the region. There are no apparent contaminant effects

reported. Angler satisfaction is also very high for the RMA fisheries. There is an active Arsenal

Anglers group that considers the RMA lakes the best warm-water fisheries of their type in the

state. This is confirmed by a great demand for a limited number of fishing passes that are sold

annually. An angler survey conducted by USFWS in 1992 reported that 95 percent of the anglers

were satisfied with the number of fish captured, 80 percent were satisfied with the length of fish

caught, and 95 percent were satisfied with the overall fishing experience (USFWS 1993a).

Population assessments of the non-avian aquatic resources seem to indicate that, although

exposure pathways exist and bioaccumulation and bioconcentration have been demonstrated, there

are no apparent effects on wildlife populations from contamination of the lakes. While the

confounding effect of the long and extensive history of management of the lakes and their

fisheries make it impossible to rule out the possibility that contaminant effects exist, no such

effects are specifically indicated. Some concern has been raised, however, concerning the water

birds that use the Lower Lakes (see Section C.5.3.2.2). There may also be potential for the levels

of contamination found in the fishes to be bioaccumulated by predators such as the bald eagle

or the great blue heron. While no discemable effects have been found in the wintering bald

eagles, no data are available to assess the population of great blue herons that frequent RMA.

C.5-10
RMA-IEA/0065 06122/94 9:01 am bpw EEA/RC Appendix C



C.5.3 ECOLOGICAL EFFECT USNESTIGATIONS

Contaminant toxicity can produce adverse effects at the individual, population, community, and

ecosystem level of organization (EPA 1989a). The ecological effect endpoints that provide

pertinent evidence include both assessment endpoints and their associated measurement endpoints,

a format appropriate to ecological risk assessments (EPA 1989a).

" Assessment endpoints are formal expressions of the actual environmental values that
are to be protected

" The assessment endpoints are environmental characteristics, which, if they were found
to be signfflcantly affected, would indicate a need for remediation

" A measurement endpoint is a quantitative expression of an observed or measured effect
of the hazard; it is a measurable environmental characteristic that is related to the valued
characteristic chosen as an assessment endpoint

Selecting appropriate assessment and measurement endpoints, therefore, depends on the COCs,

their toxic effects on individuals and the consequences of these effects at higher levels of

ecological organization (EPA 1989a pg. 2-1 to 2-2).

Suter (1989) suggests the use of assessment endpoints to identify the ecological properties and

processes that need to be protected or recovered. Given that quantification of assessment

endpoints may be too difficult, expensive, or time consuming, surrogate indices or measurement

endpoints may be used.

Ecological assessment and measurement endpoints should be reflective of relationships that may

exist between contaminant effects and specific sites of contamination, between effects and

specific contaminants, or between specific receptors and contaminants. Such endpoints may

involve comparison to off-site control areas, comparison to on-site control areas, and/or within-

sample correlations to assess these relationships. Suter suggests that indices such as occurrence,

abundance, age/size class structure, reproductive performance, yield/production, frequency of

gross morbidity, and frequency of mass mortality are valuable measures of population health.
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The utility of such indices for the appraisal of ecosystem health and functionality is further

supported by an extensive literature that defines the characteristics of disturbed systems (Odum

1985; Schindler 1987; Pratt and Bowens 1992).

EPA (1989a, b) suggests measuring a very similar set of ecological indices (i.e., population

abundance, age structure, reproductive potential and fecundity, species diversity, food-web or

trophic diversity, nutrient retention or loss, standing crop, and productivity) for use in

characterizing the effects of contaminants on populations, communities, and ecosystems. The

EPA further recognizes that certain receptors may be particularly important for measurement of

endpoints, by virtue of special status (e.g., threatened and endangered species), specific

susceptibility to chemical contaminants, and/or representative status for specific exposure

pathways.

Available data provide important insights into both the general robustness of RMA populations

and communities and the extent and severity of potential contamination effects as indicators of

ecological health. The investigation of contaminant effects on biota at RMA began with the

documentation of waterfowl deaths and fish kills in the 1950s and continued intermittently

through the 1970s, leading to the Biota RI studies, Biota CMP, and related USFWS and Shell

investigations in the 1980s and 1990s. These studies are summarized in Appendix A. Although

many of the ecological investigations used to examine potential contaminant effects were

conducted prior to 1989 when EPA issued its initial guidance on conducting ecological risk

assessments (EPA 1989a, b), they are consistent with this guidance. For example, although the

RMA site encompasses approximately 27 square miles, actual contamination sources within the

site are much smaller. Studies of sedentary species (e.g., plants, earthworms, grasshoppers)

focused on contaminated areas within RMA to identify potential contaminant effects, while,

studies of more mobile species (e.g., deer) were conducted throughout RMA to evaluate effects

on their RMA-wide populations. Some studies used both on- and off-post controls (e.g.,

earthworms and grasshoppers), while studies of more mobile species (e.g., waterfowl) used only

off-post controls. Ecological effects investigations looked primarily at population-level effects
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that could be related to RMA contaminants, such as population abundance and reproductive

success. Effects at other levels of organization, including biomarkers in individuals (e.g.,

acety1cholinesterase [AChE] inhibition, eggshell thinning) and community-level effects

(e.g., species richness) were also examined.

The criteria for selecting these effects and for conducting investigations were consistent with the

selection of ecological endpoints under current EPA guidance (EPA 1989a). There is substantial

information relating to appropriate ecological endpoints. Records on morbidity at RMA, for

example, are available for nearly a 40-year time span (Hyman 1953; Sciple 1952; Jensen 1955;

Finley 1959). Both qualitative and quantitative floral and faunal observations related to chemical

contamination have been conducted intensively for more than a decade (ESE 1989; NIKE 1989a,

b; RLSA 1990a and 1992). More recently, studies by the USFWS have been conducted that

address both contaminant and wildlife management issues. RMA-wide studies of deer, prairie

dogs, and burrowing owls, and other species have looked at general population health,

reproduction, and other aspects of the population biology of these species that are potential

effects of contamination.

While some of these studies were conducted for management purposes, they were designed to

investigate potential adverse population effects that could result from RMA contamination and

that are pertinent to the ecological risk assessment. These investigations focused on population

parameters that are indicative of general population condition. Population density is an

appropriate ecological endpoint in most circumstances even when the absence of data on

emigration and immigration, important population parameters for some studies, adds uncertainty.

If movement of mobile animals is so free that local differences in population density cannot be

detected, it is reasonable to assume that the biological population, which ranges across both

contaminated and uncontaminated areas, is properly evaluated throughout RMA in the context

of its regional abundance. In addition, data on site-specific population parameters not affected

by emigration and immigration, such as nesting success and clutch size, were used as more

appropriate measurement endpoints whenever they were available.
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identifying appropriate ecological endpoints from among the available RMA data required

screening of available information for data pertinent to the endpoints. Many studies were less

useful because they were conducted before the extent and pattern of contamination at RMA were

known, and their study design thus bears little relationship to these patterns. In addition,

contaminants in the RMA environment have varied over time. A review process was conducted

across various studies and data sets to screen for bias, power, and relevance. Studies that provide

pertinent information on potential contaminant effects are provided in a "weight-of-evidence"

approach consistent with EPA guidance. Results are reviewed in conjunction with results of the

quantitative exposure assessment to characterize ecological risk.

C.5.3.1 Ecological Effect Endpoints

Ecological effect endpoints were selected that reflect what is occurring within RMA's populations

and communities, are sensitive enough to detect effects that may exist, and match with the

endpoints being sought in the risk assessment. The numerous ecological studies performed at

RMA were evaluated for information pertinent to ecological endpoints at the community and

population level as described below. Individual biomarker endpoints were also evaluated. A

total of 18 studies conducted by the U.S. Department of the Army (Army) and USFWS provide

information on the overall health of biota at RMA and were used in the Integrated Endangerment

Assessment (IEA). Of these, six were designed to directly evaluate contaminant effects. While

some of the studies have low statistical power due to small sample sizes, the results of the

various studies are generally consistent with each other and with the predictions of the

quantitative exposure modelling.

C.5.3. 1.1 Community-Level Endpoints

The community-level endpoints considered were species richness and trophic diversity. Each of

these endpoints provides information on the overall structural diversity of the communities at

RMA.
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Species Richness

Species richness, the total number of species present, is an appropriate measurement endpoint

because contaminants are widely distributed at RMA and could adversely affect populations and,

in turn, affect ecosystem organization. In the Biota RI, seven RMA contaminants were

considered major COCs based on criteria of toxicity, persistence, and areal distribution in the

environment. While specific studies focused on the potential direct effects of major COCs,

species richness serves as an appropriate ecological endpoint because it is a broad indicator of

community structure and functional completeness.

Species richness was assessed by comparing the number of species present at RMA with the

number of species that would be expected (Bailey and Niedrach 1965; Chase et al. 1982;

Armstrong 1972; Bissell and Dillon 1982; Hammerson and Langlois 198 1) given RMA's location

and landscape characteristics. Species richness was also assessed within RMA boundaries by

comparing similar habitats in contaminated and uncontaminated sites.

Trophic Diversity

Another effective way of assessing the functional completeness and complexity of biological

communities is to evaluate the number and complexity of food chains that describe the successive

predator/prey relationships. Food chains are composed of successive trophic (feeding) levels that

reflect the number of food energy transfers between prey and predators. Thus, trophic diversity,

as reflected in the number of food chains and the number of trophic levels represented in various

food chains, serves as a community-level endpoint. Information to assess this aspect of

ecosystem health resulted from inventories of species present, observations of their foraging

habits, and gut-content analysis of selected species.

C.5.3.1.2 Population-Level Endpoints

Population-level endpoints, such as population density may be difficult to interpret for some

species because of the mobility of the organisms involved. Selection of the correct measurement

endpoints to detect adverse effects must consider complicating factors that could mask an adverse
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effect. For example, measuring the population density of migratory raptors, or a highly mobile

resident species such as deer does not reliably indicate adverse effects because a reduction in the

population due to death or reproduction might be masked by factors such as emigration or

immigration of individuals from surrounding uncontaminated areas. However, for sedentary

species with small home ranges and limited vagility, estimates of population density and

reproductive success are appropriate. Additionally, other measurement endpoints at the

population level (e.g., nest success, fledgling success) may be appropriate even for migratory

species, such as the American kestrel, that produce and raise their young within limited areas of

exposure.

Considerable data have been accumulated on the distribution and population densities of several

animal species at RMA since the initiation of the RI program in 1985. The endpoints selected

for evaluation here are a subset of this information that considers the interpretability of the data

in terms of possible contaminant effects. Population-level endpoints considered are relative

abundance, reproductive success, and morbidity. Each of these endpoints provides information

about the overall robustness of the population.

Relative Abundance

Relative abundance was evaluated by quantitatively comparing the relative numbers of individuals

within and among species at RMA to off-post control areas (i.e., Plains Conservation Center

[PCC] and Buckley Air National Guard Base [Buckley]) and by comparing contaminated sites

to uncontaminated sites at RMA. Randomly selected sampling plots for small birds and small

mammals were established in both uncontaminated and relatively contaminated portions of RMA.

Relative abundance or relative density (number of individuals/unit area), is both an assessment

and measurement endpoint. Population indices that compare the number of individuals per

standard transect/plot at RMA and in control areas are suitable population-level measurement

endpoints, that provide a basis for comparing RMA with appropriate controls.

C.5-16
RMA-IEA/0065 06/22/94 9:01 am bpw I]EA/RC Appendix C



Reproductive Success

Reproductive success was evaluated by comparing measures of birth rate, nesting success,

recruitment, and/or age class comparisons for several RMA animal species to published values

from other studies, as well as by comparing contaminated sites at RMA to uncontaminated sites

at RMA and on-post sites to off-post sites. These measurements may reflect direct impacts to

reproduction through reduced capacity or indirect impacts through unequal mortality.

The ability of species to reproduce at levels sufficient to maintain healthy populations is an

appropriate assessment endpoint at RMA because of the possible direct and indirect effects of

RMA contaminants on the various physiological and behavioral mechanisms involved in the

reproductive process.

Avian reproductive success was calculated using several measures, including nesting success and

fledgling success. Data were collected on mallard, ring-necked pheasant, and American kestrel

to represent waterfowl (dabbling ducks), upland game birds, and raptors, respectively. Data were

collected in relation to known sites of contamination at RMA and at locations off post. Details

of the specific methods, locations, and analyses performed, including statistical analyses, are

provided in the Biota RI (ESE 1989).

Morbidity

Morbidity was evaluated from data on the numbers of individuals discovered dead and dying at

RMA. Morbidity, supported by analyses of tissues and investigation into cause of death, may

be indicative of contamination effects. Care must be taken in evaluating mortality data to

consider both the numbers of highly aware observers and the difficulty in finding carcasses in

uncultivated habitat. Although the number of dead animals located may be inflated over normal

numbers as a result of a large, observant worker population at RMA (particularly in the vicinity

of Building 111, the Administration Building), no specific effort has been made to locate and

account for all dead animals.
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C.5.3.1.3 Individual Endpoints

Selected biomarkers (i.e., AChE inhibition and eggshell thinning) were examined at the individual

level. These endpoints are indicative of harmful effects of chemical contamination as reflected

in eggshell thinning by dichlorodiphenyltrichloroethaneldichlorodiphenyldichloroethene

(DDTIDDE) and AChE reduction by nerve agent. Both of these biomarkers are appropriate for

evaluating adverse effects on individuals of threatened or endangered species that by definition

have populations reduced to the level where individuals are important, and for detecting effects

that might affect populations.

C.5.3.1.4 Evaluation of Bias, Power, and Relevance for Cited Studies

The variety of ecological endpoints selected for evaluation in this risk assessment required the

evaluation of data that varied in its appropriateness for risk assessment. As mentioned in the

introduction to this section, many of the investigations into the potential adverse effects of RMA

contamination were conducted during the Biota RI studies, prior to EPA's issuance of formal

guidance for conducting ecological evaluations and ecological risk assessments. Some studies

provided data on the general condition of populations of selected species or groups at RMA (e.g.,

songbird and breeding bird surveys, prairie dog population densities, small mammal abundance

studies). However, several investigations were designed specifically to collect biological samples

or data in known contaminated areas and control sites and to evaluate effects that are considered

to be adverse and that could potentially result from exposure to COCs at RMA (e.g., population

densities of earthworms, grasshoppers, and aquatic snails; reproductive success in kestrels, ring-

necked pheasants, and mallards; eggshell thinning). Many of the effects data were collected in

conjunction with analyses of tissue concentrations in order to strengthen conclusions regarding

any observed effects in relation to the presence of contaminants.

Information was obtained from a variety of additional studies that provided useful information

on contaminant transport and effects at RMA but that were not appropriate for an experimental-

control study design. Data on contaminant concentrations in selected tissues and on the cause

of death of hawks and eagles has been collected for individuals found dead at RMA throughout
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the Biota RI, Biota CW, and subsequent USFWS investigations (1986 to the present). Sampling

at control sites was deemed inappropriate for this effort because of the adverse effect on raptor

populations and because published information exists that establishes relationships between tissue

concentrations of major RMA contaminants and adverse effects.

The results of the review of the various RMA studies for their bias, power, and relevance in

relation to the endpoints just identified are summarized below. The studies identified in

Table C.5-1 were screened from all those available for RMA because they provided data that

were relevant to the ecological endpoints. The bias, power, and relevance ratings assigned to the

selected studies are provided in Table C.5-2. The criteria used in rating the studies (defined in

footnotes to Table C.5-2) should be viewed in an ecological context against a backdrop of natural

variability, not viewed in a strictly numerical, statistical context. Because of natural variability,

statistical power is not necessarily relevant, and may be misleading. The bias, power, and

relevance ratings of the selected studies show that most are of low bias and at least medium

power and relevance. For the most part, they meet the rating criteria reasonably. The use of

diverse endpoints at different levels of ecological organization is considered a strength of the

RMA approach for the Biota RI because it provides a holistic examination of the ecosystem,

lending greater confidence to risk estimates (EPA 1993).

When reviewing the selected studies on the following pages, the following considerations are also

pertinent:

" RMA. is a unique site at which to conduct an ecological risk assessment because of its
large size and history. For many of the studies completed at RMA, control sites were
selected that were ecologically comparable to RMA with respect to habitat. While not
every biotic and abiotic variable in addition to the test variable could be matched exactly,
the most appropriate control sites that were available were selected.

" While population factors such as immigration and emigration may influence the
measurement of density for mobile species, population density is unlikely to be affected
for the less mobile species, especially because the potential for immigration and
emigration also occurs at the control sites. In addition, many of the measurement
endpoints (e.g., morbidity estimates and reproductive success estimates such as the relative
numbers of buck to doe deer, doe to fawn deer, juvenile to adult prairie dogs, and of
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American kestrel eggs laid to eggs hatched to juveniles fledged) are unaffected by either
of emigration.

" Many of the studies were designed to specifically identify contaminant-related effects at
the population level. For example, aquatic snails were collected for population parameters
in contaminated and uncontaminated lakes (ESE 1989), and grasshoppers were collected
in uncontaminated reference locations, areas of low contamination on post (on-post
controls) and areas of high contamination on post (Section 36 and Basin F) (ESE 1989).
Population effects in more mobile species of animals were evaluated on a larger scale,
such as those population measurements for deer and raptors (ESE 1989; MKE 1989a).
In these cases, qualitative comparisons were made relative to impacts on RMA-wide
populations. Collectively, the data from these studies support a weight-of-evidence
approach to evaluating populational status and health using ecological endpoints.

" Studies such as the analysis of fortuitous animals (mostly raptors) provided valuable data
on contaminant concentrations in tissue that could be related to adverse effects. These
studies were relevant, but not amenable to power analysis.

C.5.3.2 Investigations of Particular SMcies or Other Taxonomic GrouRs

Species-specific studies have been completed for mule deer and white-tailed deer, black-tailed

prairie dogs, American kestrels, bald eagles, great homed owls, burrowing owls, ring-necked

pheasants, mallards, and mourning doves. In addition, small mammal, cottontail, jackrabbit,

raptor, songbird, and invertebrate species groups have been studied. The more wide-ranging of

these species were studied throughout RMA and compared to off-post populations. The more

sedentary of these species were studied in both contaminated and control areas at RMA and at

off-post control areas as well. Ecological endpoints measured in the various sample locations,

especially measurements of density, were compared statistically for most of these studies (Table

C.5-3). For some of the species, tissue concentrations of contaminants were analyzed from the

same locations where density measurements were taken; Table C.5-4 provides the results of the

significant statistical comparisons between control and contaminated areas for these species.
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C.5.3.2.1 Mammals

Deer

The health and well-being of deer populations at RMA is of great public interest and an

important management goal. Mackie et al. (1982), MKE (1989a), and Whittaker (1993)

estimated population densities of both mule deer and white-tailed deer at RMA. Whittaker also

assessed herd health, productivity, and habitat-use patterns for both species. The USFWS

(unpublished data) performed necropsies and collected tissue samples for histopathological

analyses from 13 mule deer and 10 white-tailed deer that were collected at RMA in March and

April 1991. In all cases, the study area for these investigations was the entire on-post operable

unit.

Ecological Endpoints

The above-referenced studies provide data for three assessment endpoints for the deer herds at

RMA:

" Relative abundance and distribution

" Reproductive success as indicated by such measurement endpoints as fawning rate, fawn

survival, and population growth rate

" General individual health as indicated by such measurement endpoints as muscle mass,

fat reserves, physical condition, incidence of disease or parasitism, and incidence of other

health-related problems

Study Findings

Mule deer are more common and more widely distributed at RMA than white-tailed deer because

most of the on-post habitat is more suitable for mule deer (MKE 1989a; USFWS 1992a). White-

tailed deer are essentially limited to the wooded and riparian areas of First Creek and the

southern sections. Pellet surveys, which do not differentiate between species, indicate the amount

of time spent by deer in different habitats. Significant positive correlations were found for both

total vegetation cover and for tall weedy forbs, while significant negative correlations were found

for open habitats and habitats dominated by cheatgrass and crested wheatgrass (MKE 1989b).
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Weedy forbs provide excellent food sources as well as cover and shelter; open habitats offer little

cover. Cheatgrass and crested wheatgrass are poor food resources, except in the spring when

shoots are green.

Studies of reproductive potential show abundant populations of both mule deer and white-tailed

deer at RMA (MKE 1989a; USFWS 1992a, 1993a). During the past 4 years, the mule deer

population has doubled, while the white-tailed deer population has fluctuated around a relatively

lower density (Whittaker 1993). Both species produced fawns at rates capable of supporting or

increasing their population densities. The primary source of mortality for both species was

coyote predation. White-tailed deer fawns, however, had a significantly lower probability of

surviving to the age of 30 days because the white-tailed deer fawning season begins first and this

species takes the brunt of intense predation (personal communication with D.G. Whittaker, 1993).

Population structure is also a good indicator of productivity and population health. Data from

Whittaker (1993) provide indications of the deer populations' structure and relative health. The

RMA deer populations are older than most hunted herds. In fact, adults at RMA tend to die of

old age. Buck/doe ratios at RMA (1: 1.6) are considered excellent in hunting terms compared to

populations statewide (1:10), although this comparison must be qualified by the fact that the

RMA population is not hunted. The large number of bucks may actually be a detriment as it

promotes conflict during the breeding season. In spite of the observed high densities and older

age structure, productivity seems to be normal as indicated by fawn/doe ratios (1.5: 1) that are

normal when compared to ratios for other populations statewide.

The good health of both mule deer and white-tailed deer herds is indicated by the presence of

fat reserves at a time of year when such reserves are typically depleted in stressful environments

and by generally good physical condition (USFWS 1993b). While fawns generally do not

accumulate fat because their energy intake does not exceed that consumed by growth, fat reserves

have been documented in fawns born at RMA and indicate their good health. During the winter

of 1992-1993, which had above average snowfall along the front range, slightly more winter-
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killed deer were observed at RMA than in the previous two winters. This is to be expected since

"[o]verwinter ... survival is low and condition of survivors is poor after winters of heavy snowfall

because deep snow covers much of the of the forage and makes it unavailable" (Connolly 1981).

Most of the deer that died were bucks, which is to be expected since bucks expend

proportionately more of their fat reserves during the fall rut than does. Necropsies of 18 mule

and white-tailed deer collected in March of 1993 revealed that "Mhe overall deer herd health

on Rocky Mountain Arsenal appears to be relatively good. In general white-tailed deer are in

better physical condition than the mule deer, but no overtly diseased animals of either species

were encountered. The physical condition of the mule deer examined indicates that this species

is probably near carrying capacity and any substantial population increase could result in a

decline in the herd health. VAfite-tailed deer were in good to excellent physical condition. Based

on these findings, this species can be maintained near its present level without risks of disease

related to mortality.

In qualification of this generally good assessment, however, health-related problems have been

observed in a few individuals. These include retention of velvet in four mule deer males,

testicular atrophy in four mule deer and one white-tailed deer, presence of an acid-fast bacterium

in one male mule deer, and abnormal hoof growth and pelage characteristics potentially related

to positive serological virus titers for bluetongue and epizootic hemorrhagic disease.

Study Conclusions and Comparison with Tissue Analyses from Various Studies

Both mule deer and white-tailed deer fawning and survival rates are sufficient to maintain stable

populations and the mule deer population has demonstrated a capacity for quite rapid growth.

Population growth is benefited by the absence of hunting pressure, but is affected negatively by

high predator pressures, primarily from coyotes. Tissue analyses (Attachment C.5-2) indicate that

both species are relatively fi-ee of contaminant accumulation (ESE 1989; RLSA 1992; USFWS

1993b). The highest level of dieldrin detected in deer was 0. 187 parts per million (ppm) in one

liver tissue sample, which is just below the whole-body mammal maximum allowable tissue

concentration (MATC). The mean concentration of dieldrin in liver tissue samples was about 10
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times less than the highest concentration. Note that concentrations in liver tend to be higher than

the whole-body concentration for the same individual. Other contaminants detected in deer were

as low or lower than dieldrin concentrations relative to their respective whole-body MATC levels

(Attachment C.5-2). Given these results, deer species would not be expected to display

detrimental effects of contaminant exposure, especially at the population level.

Prairie Dogs

Black-tailed prairie dogs are the major prey for the wintering bald eagle population at RMA as

well as for several other raptor species. Thus, this prairie dog species, which lives in close

proximity to soil-bound contaminants, provides an important exposure pathway for the bald eagle

and other raptors. ESE (1989) and RLSA (1992) studied prairie dog density and distribution at

RMA and at off-post locations several miles from RMA. RLSA (1992) documents the population

impacts of a campestral plague outbreak at RMA. MKE (1989a) investigated reproductive

potential as reflected by the age-class structure of the population (i.e., the proportion of the

population made up of juveniles). Data were analyzed statistically on an RMA-wide basis and

did not specifically address known sources of contamination. Additional information is provided

in the Biota RI (ESE 1989).

Ecological Endpoints

The above-referenced studies provide data for two assessment endpoints for the prairie dog

colonies at RMA:

" Relative abundance as measured by abundance indices/density

" Reproductive success as measured by the juvenile-to-adult ratio in the RMA population

compared to off-post control areas

Study Findings

In 1988, prairie dogs were found throughout RMA and occupied 4,571 acres at an average

density of 49.9 prairie dogs per acre. In the winter of 1988-89, campestral plague infected RMA

prairie dogs and almost completely eliminated some colonies. By September 1989, only 247
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acres were occupied by prairie dogs; the average density, recorded in October 1990 when the

occupied areal extent had increased to 575 acres, was 30.1 prairie dogs per acre (RLSA 1992).

Within this time period, there is no pattern evident in the average prairie dog density relative to

degree of contamination; the lowest densities were in northeast control plots where the plague

may have already begun affecting populations. Since that time, natural reproduction and the

relocation of more than 5,800 prairie dogs onto RMA have resulted in a substantial recovery of

the prairie dog population (USFWS 1993a). The prairie dog population at RMA achieved a

maximum intrinsic rate of increase of 1.05 in the second year following the plague epizootic of

1988-1989. Merriam (1966) demonstrated that under the most favorable conditions the black-

tailed prairie dog rate of increase could barely exceed 1.0. It is apparent that prairie dog

reproductive potential is reasonably high at RMA (USFWS 1993b).

The percentage of the prairie dog population represented by juveniles at off-post control sites

averaged 23 percent higher in 1986 and 20 percent higher in 1987 (i.e., at Buckley and PCQ

than at RMA (MKE 1989a). These differences were significant for both years. Recent work

(May 1993) completed by USFWS (1 993b) found a mean litter size of 4.44 (:t 1.47, N=27), which

is at the high end of the normal range (2.3 to 4.9) found in several other studies (Tileston and

Lechleitner 1966; Kerwin 1972; King 1955; and Knowles 1987). Garrett et al. (1982) reported

that the ratio of juvenile-to-adult prairie dogs is an indicator of prairie dog reproductive success;

that rates of successful pregnancy, litter size, and survival rate in prairie dogs are related to

habitat quality; and that mature colonies have a lower number of juveniles. The relatively low

juvenile-to-adult ratios for prairie dogs at RMA during 1986 and 1987 may have been related to

the maturity of the colonies because habitat analyses during that period indicated that many of

the colonies were near carrying capacity.

Retrospective linking of sites where juvenile density was sampled to estimated exposure area soil

concentrations of dieldrin (i.e., ESC) indicated that all but one of the prairie dog age-structure

observations were made in areas where dieldrin levels were below the detection limit. In these

areas, ESC values from exposure ranges centered on the sample sites ranged from 0 to 0.523
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ppm. The one sample site (#17) with an ESC value greater than the certified reporting limit

(CRL) of 1.195 ppm had 65 percent juvenile prairie dogs in 1986 (which was above the mean

of 47 percent) and 62 percent of juvenile prairie dogs in 1987 (which was right at the mean of

62 percent). Sample site #17 was in the northwest quarter of the southwest quarter of Section

3 1. Sample site # 16 (northwest quarter of southwest quarter of Section 24), which had the lowest

density recorded (16 percent juvenile prairie dogs in 1986), had 77 percent juvenile prairie dogs

in 1987, which was the third highest value recorded. Therefore, any differences in reproductive

success among populations at RMA sample sites cannot be legitimately attributed to effects of

contamination.

Study Conclusions and Comparison With Tissue Analyses from Various Studies

Average prairie dog population density had no apparent correlation with the general distribution

of soil contamination in RMA areas where prairie dogs occur. There were no statistically

significant differences (p>0.05) in prairie dog densities between the central colony that included

portions of Sections 25 and 36, which are possible sources of contamination, and other colonies

at RMA. The percentage of juveniles in the population was significantly lower at RMA in 1987

than in the off-post control sites, but about the same in 1993. Tissue concentrations of the COCs

were generally below the whole-body MATC levels, except for dieldrin (Attachment C.5-2). All

prairie dog samples from Section 36 at RMA had detectable carcass concentrations of dieldrin

(mean summer = 2.03 ppm; mean winter = 1.44 ppm) and were as high as 13.4 ppm. These

levels are well in excess of the whole-body NIATC value for aldrin/dieldrin in medium mammals

(0.19 ppm). Prairie dogs from elsewhere at RMA had substantially lower concentrations of

dieldrin in carcass samples. However, some of these prairie dog samples contained

concentrations of DDE above the whole-body NIATC of 0.22 ppm (Attachment C.5-2).

Comparison of measured tissue concentrations with whole-body MATC values for prairie dogs

indicated that some individuals are likely to be affected by RMA contaminants. However, the

effects of campestral plague, which occurs as a well-documented phenomenon in natural

populations (RLSA 1992), and the subsequent managed immigration of thousands of prairie dogs,

C.5-26
RMA-IEA/0065 06/22194 9:01 am bpw IEA/RC Appendix C



especially between 1988 and 1990, have obscured any potential population effects of

contamination.

Small Mammals

Small mammals provide an important prey base for bird and mammal predators at RMA.

Because they reproduce rapidly and are relatively short-lived, their populations respond quickly

to environmental factors and contamination. MKE (1989a) characterized the abundance of small

mammal populations (i.e., high abundance was indicated by trapping success greater than 10

percent) and quantified their mean abundance (i.e., number captured per 100 trap nights) at RMA

relative to reference populations at Buckley. At RMA, small mammal data were collected over

4,635 trap-nights (3,060 in fall 1986; 1,575 in spring 1987) in eight habitats, while at Buckley,

data were collected over 540 trap-nights (fall 1986) in three habitats.

Ecological Endpoints

The above-referenced studies provide data for the assessment endpoint of relative abundance as

measured by general population abundance and mean abundance.

Study Findings

Populations of small mammals were generally low at RMA during 1986 and capture frequencies

were too low to allow statistical analysis of the data. Five sampling locations had moderate to

high abundance, and 11 locations had low abundance (MKE 1989a). The trend was somewhat

better in 1985 when five locations had low abundance and five locations had moderate to high

abundance. The mean abundance of small mammals in certain habitats (native grasslands

[RMA-1.2; Buckley-9.4] and crested wheatgrass [RMA-2.8; Buckley-5.6]) was lower at

RMA than at Buckley. Mean abundance in cheatgrass habitat was higher at RMA than at

Buckley (RMA-8.6; Buckley-3.3).

Overall, small mammal abundance tended to be highest on sites that are characterized as weedy

forbs/grasses, followed by sites characterized as wetlands or shrubs/succulents. MKE (1989a)
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concluded that these differences in population densities were primarily related to differences in

habitat quality and not the result of contaminant effects. This conclusion was based primarily

on the qualitative observation that on-post sites located in areas believed to be highly

contaminated also supported some of the highest abundances of small mammals. Two of the

sites with the highest trapping success, for example, were immediately north of Basin F.

Retrospective linking of sample sites to ESC values for aldrin/dieldrin (calculated using the deer

mouse exposure range) indicated that the highest and the eighth highest abundance and trapping

success measured in 1986 and 1987 occurred at the two most highly contaminated sites. When

the data presented in Table C.5-5 for species count and total individuals trapped were each

plotted against the ESC value for their sampling site, no strong trends were apparent for species

count. While the site with the highest number of species had an ESC value of zero, the two sites

with the highest ESC values were still slightly above the mean number of species per site (1.69),

with two species each. The total number of individuals trapped seemed to show a positive

correlation with increasing ESC value, particularly if the 24 individuals at the site with the

highest ESC value Oust east of Basin F) were ignored. While this seeming trend is in part driven

in part by low and/or BCRL aldrin/dieldrin concentrations in soil, there is no indication that small

mammal abundance was deleteriously affected by aldrin/dieldrin contamination.

Additional perspective is gained by overlaying small mammal sampling sites with areas where

the small marnmal HI is greater than 1.0 (Figure C.3-25). There are five sites (1, 2, 3, 13, and

27) that fall within the area where HI is greater than 1.0 for at least two of the biornagnification

factor (BM[F) values used. The average number of small mammals caught at these five sites was

37.8 (trapping success of 20.5 percent) as compared to an average of 13.6 (trapping success 9.8

percent) for all sampling locations outside the area of potential risk. Clearly, factors other than

contaminant concentration are having an important influence on small mammal populations.

Study Conclusions and Comparison with Tissue Analyses from Various Studies
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Populations of small mammals were generally low at RMA during 1986, with only five sampling

locations having moderate to high abundance and I I locations having low trapping success (MKE

1989a). The trend was somewhat better in 1987 as the populations of five locations were

characterized as low and the other five characterized as moderate to high. Comparisons of mean

abundance on post to those of the reference populations at Buckley indicated that certain habitats,

such as native grasslands (RMA-1.2; Buckley-9.4) and crested wheatgrass (RMA-2.8;

Buckley-5.6), produced relatively lower numbers of small mammals on post than off post.

Other habitats, such as cheatgrass (RMA-8.6; Buckley-3.3), produced higher mean abundances

on post.

Whole-body concentrations of dieldrin in some individual deer mice were quite high-up to 35.0

ppm-which is greatly above the whole-body NIATC of 0.19 ppm for small mammals.

Detectable levels of aldrin and endrin were also found in whole-body deer mice samples from

RMA at concentrations well above the whole-body MATC of 0. 19 ppm for aldrin (mammal

MATC values were not available for endrin). DDE and DDT concentrations in some whole-body

deer mice samples also exceeded the whole-body MATC of 0.22 ppm (Attachment C.5-2). The

highest mean abundances of small mammals at RMA were in areas of weedy forbes/grasses north

or east of Basin F (MKE 1989a); evaluation of trends between small mammal abundance and

ESC values showed no indication that small mammal abundance is deleteriously affected by

aldrin/dieldrin contamination.

C.S.3.2.2 Birds

American Kestrel

The American kestrel is a common breeding bird at RMA. Because such birds occupy a high

trophic level, they are particularly susceptible to the bioaccumulation and toxicity of

organochlorine pesticides. American kestrels make excellent subjects for the study of potential

impacts of contamination since they are relatively smaller and have larger brood sizes than many

other raptors, and because their populations can be managed because they use nest boxes

(Wiemeyer and Lincer 1987). As a result, the several reproductive success and contamination
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monitoring studies of RMA kestrels represent the most extensive data set currently available for

any species at RMA.

In 1982, a 2-year study was initiated by USFWS to examine the possibility that contaminant

residues were having adverse effects upon the reproductive capacity (i.e., clutch size, hatching

success, and/or fledgling success) of American kestrels (DeWeese et al. 1982). Concurrent with

the measurement of nesting success, egg and nestling samples were collected to test the

hypothesis that nesting success/failure could be correlated with contaminant burden. The study

was structured around three sampling zones: at RMA, at "near-RMA" control sites (i.e., within

10 miles of RMA), and at "control" control sites (i.e., sites more than 40 miles from RMA). All

study sites were in the same general habitat type, but differed somewhat in principal vegetation

and habitat characteristics. The near-RMA sites were a combination of mixed deciduous

woodlots, riparian woodlands, cultivated fields, and residential/industrial developments. The

control sites consisted of one area of shortgrass rangeland, linear woodlots along a permanent

river, and shrub-covered foothills.

Kestrel reproductive success at RMA have been repeated in four of the years since 1982-83. In

1986 (ESE 1989), as well as 1988 and 1990 (RLSA 1990, 1992), nest outcome data were

combined with egg (not analyzed in 1990) and nestling samples from RMA and off-post control

sites for contaminant analyses. In 1991 and 1992, on-post nesting success data were collected

(USFWS 1992a; 1993a). Appendix Section CA contains a map indicating nest box locations

(Figure C.4-6).

Ecological Endpoints

The above-referenced studies provide data for the assessment endpoint of reproductive success

as measured at several points in the reproductive cycle (i.e., nesting attempts per available

opportunity, clutch size, hatching success, and fledgling success).

Study Findings
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DeWeese et al. (1982) reported that, although the average number of eggs in a complete set (i.e.,

clutch size was similar for the three sampling zones in 1982 (Table C.5-6), relatively fewer

nestlings hatched at RMA compared to the other two sampling zones. DeWeese et al. (1982)

noted the low average number of young fledged per initiated clutch "near two of the lakes south

of the Shell Chemical Plant" and the increase in the average number of young fledged with

increasing distance from these lakes. The major cause of poor fledgling numbers was attributed

to nestling mortality from predation or other causes such as disturbances due to investigative

studies or nest-site competition (DeWeese et al. 1982).

A re-analysis of the 1982 data with 1983 data (DeWeese et al., no date pg. 7-2 and 7-13) resulted

in a slight revision of the 1982, but reproductive success was still not statistically different

between RMA and the combined results from the two off-post sampling zones. The area of

lowest reproductive success and/or nesting attempts for this later analysis was described as a

"core area," which includes the area "within the vicinities of Basins A and F and the chemical

manufacturing plant." Special note was made by DeWeese et al. (no date pg. 7-2 and 7-13) that

the area around Basin F was apparently avoided by breeding kestrels and that all nests located

within I mile of these three most contaminated areas failed to fledge young.

The field surveys conducted by McEwen and Peterson in 1986 were described in the Biota RI

(ESE 1989). The 1986 results indicated that productivity at RMA was "much higher" than in

1982 or 1983 and that on-post productivity was not significantly different from that reported from

the control sites. In 1986, the majority of failed nests were concentrated along First Creek in a

relatively uncontaminated area.

The 1988 data indicate that a relatively greater number of nests in all study areas failed to

produce hatchlings than in previous years (RLSA 1990). Although the differences were not

statistically different, percent of nests that were successful and number of young fledged per

nesting attempt were slightly higher at the control sites. However, successful nests fledged more

nestlings at RMA than at control sites. The pattern of nest-box use in 1988 was also worthy of
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note in that the greatest occupancy rate occurred near Basin F, which had not yet been fully

remediated and capped. There were, however, no occupied nest boxes in the vicinity of Basin A.

In 1990 (Table C.5-6), the measured reproductive parameters did not differ markedly from those

in 1988 either at RMA or in off-post control areas. Exceptions to this generalization were that

a lower percentage of attempted nests hatched at RMA in 1990, while a higher percentage of

attempted nests hatched in control areas. However, the percentage of hatched nests that fledged

young was higher in 1990 at RMA, but lower in control areas.

Monitoring of kestrel reproduction by the USFWS in 1991 indicated similar nesting success in

RMA and control areas (USFWS 1992a). Nest box occupancy was poor along the western

boundary. Nest failures occurred in Sections 5, 11, 12, 20, and 24, all of which were outside the

core area. All of these failed nests were within I mile of the RMA boundary.

In six of seven breeding seasons, the number of fledglings per nesting attempt at RMA was lower

than that for pooled off-post control areas. Because clutch size and number of nestlings per nest

tended to be similar between populations, the qualitative differences in success appear attributable

to unequal nestling mortality. In no case, however, were these on-post/off-post differences

statistically significant. Despite the fact that the same nest-box locations were monitored at RMA

for 7 years, no geographic continuity or pattern is apparent with relation to nest failures among

kestrels. VVhile clusters of nest failures have been suggested to occur in specific years (e.g., the

core area in 1982 and 1983 and First Creek in 1986), the validity of such a pattern breaks down

over the cumulative span of bionionitoring. When all 7 years of data are considered together,

no apparent pattern in the geographic location of nest failures at RMA is evident. Sources of

variation that significantly contributed to observed differences in reproductive success were the

frequency and intensity of interspecific competition for nest boxes and the disturbance of the nest

for collection of eggs before the onset of incubation (DeWeese et al., no date).
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Separate statistical analyses were performed on three different sets of American kestrel data:

1982 and 1983 data (DeWeese et al. no date); 1986 (ESE 1989); and 1988 and 1990 data

(reanalyzed from Enserch in-house Biota CN4P records). The information provided in these three

studies was not sufficiently comparable for a single analysis to be performed on a composite data

set. The 1982/1983 analyses of differences across the 2 years and among three study areas (at

RMA, 0.5 to 16 kilometers (km) from RMA, and 68 to 95 km from RMA) in hatching and

fledgling success were not statistically significant (2 by 2 chi2' p>0.05). This study also

compared, but did not statistically analyze, the occupancy and fledgling success of nests in

specific locations within RMA. This comparison found occupancy rates and fledgling success

were lower near than far from Basin A, Basin F, and the central area (defined to be more than

a mile inside RMA boundaries); areas near South Plants had higher occupancy rates but lower

fledgling success than areas far from this site. The 1986 statistical analyses (ANOVA, parametric

a priori, Kruskall-Wallis Anova, and nonparametric a priori) compared clutch size, hatchling

numbers per nest, fledgling numbers per successful nest and per all nests for control and RMA

data using the 1982 and 1983 data as well as the 1986 data. Generally, these comparisons were

nonsignificant. Exceptions were that comparisons among years in the number of hatchlings per

nest and fledglings per all nests showed significant (p<0.05) differences, and that here was a

significant difference between RMA and control fledgling numbers for all nests in 1983.

Nest-specific data on reproductive parameters, location at RMA, and tissue-sample concentrations

were available only for the 1988 and 1990 studies. American kestrel data on success at each nest

from which tissue samples were collected in 1988 and 1990 (i.e., number of eggs, hatchlings, and

fledglings per nest) were plotted against kestrel ESC values estimated for the location of the nest

site and against contaminant concentrations found in sampled eggs and juveniles using the data

found in Table C.5-7. This was done to add information to the Integrated Endangerment

Assessment/Risk Characterization (IEA/RC) on potential differences between contaminated and

uncontaminated sites at RMA. No trends in nest-success parameters were apparent between years

or with changes in kestrel ESC or tissue concentration values. The number of eggs in a clutch

did not decrease, nor did the number of hatchlings or fledglings decrease with increasing
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concentrations of dieldrin (the most frequently detected analyte) in eggs, juveniles, or soil (as

represented by the ESC estimate).

Correlations were investigated statistically for the 1988 and 1990 data, which were combined into

one data set, using Pearson's product-moment correlation and Spearmans rank correlation.

Correlations of egg concentration, ESC value, and juvenile tissue concentration were investigated

relative to each other, and also relative to the number of eggs, number of hatchlings, number of

fledglings, number of deaths before hatching, number of nestling deaths, and number of total

deaths before fledgling. For dieldrin, no statistically significant Pearson's correlations between

the variables were found. The slight negative correlations observed between the ESC values and

the three mortality variables are not scientifically reasonable (i.e., mortality should not decrease

in response to increasing exposure concentration) and could be spurious, i.e., due entirely to one

or a few data points out of 13. Spearman's rank correlations were similar to the Pearson's

product-moment correlation and also nonsignificant.

For DDE, a Pearson's correlation of 0.92 occurred between egg concentration and the number

of nestling deaths. This correlation was statistically significant at the 0.05 level; however, the

high magnitude of this correlation was somewhat spurious, attributed in part to a small sample

size (N=5) and the majority of points being concentrated at the origin while the only nonzero

number of deaths occurred at the highest egg concentration. The positive correlation of 0.44

between egg concentration and total mortality, while not statistically significant (p = 0.27),

provided additional, though weak, evidence supporting the hypothesis that mortality is affected

by the DDE concentrations in eggs. Spearman's rank correlations were similar to the Pearson's

product moment correlations. The Spearman's correlations for egg concentration vs. number of

nestling deaths and number of total deaths before fledgling were 0.79 and 0.49, respectively. In

the scatter plots for the two sets of variables, both the egg concentrations and the mortality

variables indicated that the correlations are not robust; they depend heavily on the location of one

out of five data points in the case of egg concentration vs. number of nestling deaths, and two

out of eight points in the case of egg concentration vs. number of total deaths before fledgling.
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There is no evidence in the data that the dieldrin ESC values, egg concentrations, or juvenile

concentrations are positively correlated to either the number of eggs, hatchlings, and fledglings,

or the mortality from one stage to another. The slight (nonsignificant) negative correlations

between ESC and the mortality variables are not scientifically reasonable and may possibly be

explained by the high uncertainty in estimating the exposure concentrations for a given nest

location.

The data indicate a possible relationship between egg DDE concentration and mortality, in

particular mortality of nestlings. The correlation between these two variables is statistically

significant at the 0.05 level, but is based on a total of five data points, with one extreme data

point having a very high influence in determining the presence of correlation.

Off-post nest boxes had distinctly lower egg and juvenile tissue dieldrin concentrations than the

RMA nest boxes; however, the off-post boxes did not have consistently lower mortalities. Off-

post egg and juvenile DDE concentrations were not generally lower than on-post DDE

concentrations.

Study Conclusions and Comparison with Tissue Analyses from Various Studies

The trends over time for on-post/off-post comparisons are not consistent. Control areas appear

to have larger clutches, a higher percentage of attempted nests that hatched, a higher percentage

of hatched nests that fledged, and a greater number of young that fledged per nest attempt.

However, the 1986, 1988, and 1990 data show more hatchlings per hatched nest and more young

fledged per successful nest at RMA than in the control areas; this trend does not carry into 1991

and 1992 for hatchlings per hatched nest.

The information associated with tissue contaminant data from RMA and off-post control areas

(Attachment C.5-2) does not allow identification of possible contributing factors that are related

to habitat. However, results of tissue analyses were summarized for each biota study area (BSA)

associated with areas of known contamination, the "near-RMA area" (within one-half mile of
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BSA boundaries), and the "far-RMA area" (more that one-half mile from BSA boundaries but

within RMA). There were no marked differences in the frequency of COC detections between

BSA and near-RMA area samples; no samples were collected in the far-RMA area (Attachment

C.5-2). Kestrel eggs and nestlings from RMA, but not from control areas, frequently contained

levels of dieldrin, which has been implicated in reducing reproductive success of birds (Wiemeyer

et al. 1986; Newton et al. 1982). Concentrations of dieldrin in dressed carcasses of some

individuals were as high as 3.7 ppm (Attachment C.5-2), which is well above the whole-body

MATC of 0.73 ppm. for kestrels. The concentrations of dieldrin found in kestrel tissue and the

reduced reproductive success in the core area are consistent with exposure pathways and possible

adverse effects of contamination and suggest that there was risk associated with dieldrin,

particularly in the early 1980s. Dieldrin concentrations in eggs and juveniles tended to be higher

on post in 1988 and 1990. However, no trend between nest success and contaminant

concentrations were observed in 1988 and 1990 data for dieldrin. The statistically significant

correlation between nestling mortality and DDE concentration in eggs may be spurious; it was

not generally associated with higher DDE concentrations in eggs or juveniles at RMA.

Bald Eagle

The bald eagle is a federally protected species under the Endangered Species Act (32 Federal

Register [FR] 4001; 43 FR 4621) the Migratory Bird Treaty Act, and the Bald Eagle Protection

Act (1940), and thus warrants special consideration at the individual level (EPA 1989a). As a

predator that feeds high in the food chain, the bald eagle has been shown to be particularly

sensitive to the presence and bioaccumulative nature of a number of environmental contaminants

(Wiemeyer et al. 1984). Chlorinated hydrocarbons such as DDT, DDE, and polychlorinated

biphenyls (PCBs) have been demonstrated to cause reproductive failure in eagles and several

other species primarily through eggshell thinning (Grier 1974; Krantz et al. 1970; Newton 1979;

Weimeyer et al. 1972).

Information assessing the level of risk posed to bald eagles by RMA contaminants comes from

three studies: 1) a study that analyzed food habits, feeding habits, and habitat use of bald eagles
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at RMA during the winters of 1986-87 and 1987-88 (ESE 1988b); 2) a regional telemetry study

that assessed several aspects of bald eagle ecology including habitat-use patterns, movement

patterns, food and feeding habits, and blood and fat deposit levels of a number of contaminants

during 1988, 1989, and 1990 (USFWS 1992a, b, 1993a, respectively); and 3) general raptor

surveys of RMA that include observations of bald eagles and reflect relative activity patterns and

general habitat use during 1991 and 1992 (USFWS 1992a, 1993a).

Ecological Endpoints

Because of the bald eagle's status as a threatened and endangered species, the critical role that

each individual plays in the continued viability of its population mandates that risks be

considered and expressed in terms of individuals.

Two assessment endpoints are pertinent to individuals in bald eagle populations at RMA:

" Relative abundance as evaluated by surveys and distribution at RMA

" Morbidity as evaluated by potential exposure and general health

While these assessment endpoints have not been directly measured at RMA, the available data

are pertinent to these assessment endpoints due to the following:

Population studies indicate the number of individuals using RMA and establish the
maximum annual duration of potential exposure

" Food and feeding habits indicate principal pathways of potential contaminant acquisition
(i.e., those prey most frequently fed upon)

" Habitat-use and activity studies reflect the areas frequented by bald eagles and, hence, the

areas from which exposure is most appropriately projected

" General health and mortality observations provide very general indications of the extent
of gross contamination
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Study Results

Bald eagles roost at RMA and its surrounding areas primarily from October through March. The

yearly pattern of RMA use can be characterized as follows. Building steadily from a few

individuals that arrive in late October, populations peak at as many as 100 individuals, with a 1-

night maximum of 38 individuals in late December to mid-January. Usage drops off in late

January and slowly declines to no use by mid-March. One pair of eagles nests at nearby Barr

Lake, but RMA has not been shown to be a part of this pair's normal home range during the

breeding season (USFWS 1992b).

Several factors influence eagle exposure and risk at RMA: total time in residence, food habits,

prey distribution, total area-use patterns, and specific habitat-use patterns. The regionally

significant concentration of individuals that spend some portion of the winter at RMA move on

post and off post at varying times and durations (USFWS 1993a, b). Thus, while a realistic

exposure period would be less than 5 months, the possibility exists that individual birds may

spend the entire winter period at RMA.

Telemetry data on areas used by bald eagles in 1987 to 1990 (USFWS 1992b) indicate that while

individuals frequently move into and out of RMA and the general Denver metropolitan area,

RMA is centrally located in the area of use. Thus, while relative exposure is mitigated for more

transient individuals, some individuals use RMA intensively. It is not uncommon for individuals

to center a majority of their activities at RMA for weeks or months.

Analyses of castings and behavioral observations of bald eagles wintering at RMA indicate that

their primary food source is prairie dogs (about 75 percent), with rabbits representing a secondary

food source (about 20 percent) (ESE 1988; USFWS 1992b). Thus, exposure is largely confined

to those areas of RMA where these prey species exist. Data on the historical and current ranges

of prairie dogs at RMA show limited overlap between the areas of prairie dog habitation and the

areas of highest contamination either because habitat for prairie dogs is unsuitable or nonexistent
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in these areas or because there has been active management to exclude prairie dogs from the

areas of highest contamination.

Likewise, the abundance of rabbits is somewhat limited in the highly contaminated zones. Desert

cottontails and black-tailed jackrabbits show a distributional relationship to crested wheatgrass,

which is limited in contaminated areas, and eastern cottontails are mostly limited to thickets and

riparian zones (MKE 1989a).

Bald eagles use wetland/riparian, wetland trees, and dryland trees more frequently than expected

on the basis of habitat availability, and use cheatgrass/weedy forb, shrub/succulents, cultivated

species, and unclassified areas less frequently than expected. Since the time the bald eagle spent

in more contaminated areas is proportionally less, its primary exposure to contamination may

come from prey exposed elsewhere.

The majority of bald eagles captured at RMA have been within normal ranges for size, weight,

and condition for their age and the time of year they were captured (personal communication,

from M. Lockhart of USFWS to Michael Macrander of Shell, 1993). The single bald eagle

carcass found at RMA was in the Bald Eagle Management Area (BEMA) at the end of the 1990

wintering season; its condition did not allow determination of the cause of death.

Study Conclusions and Comparison With Tissue Analyses from Various Studies

Bald eagles are present in the vicinity of RMA for only a portion of the year and are on post for

some subset of that time. As a result of their habitat-use patterns, bald eagles at RMA use

certain habitats and areas disproportionately with respect to their availability. Therefore, they

naturally tend to underutilize the more contaminated areas of RMA. The removal of prairie dogs

and perch sites from Section 36 (Basin A) further minimized potential exposure. As bald eagles

rely on kleptoparasitism (i.e., theft of prey items from other birds of prey, most notably

ferruginous hawks) for a significant portion of their diet, it is pertinent that analysis of
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ferruginous hawk habitat use reflects a similar habitat-related avoidance of the most highly

contaminated areas (USFWS 1993a).

In 90 bald eagle blood samples (70, including eight recaptures, in 1987 to 1989; 20 in 1990 to

1992) and I I fat samples (1991 to 92) analyzed for trace metals and organochlorine pesticides

(USFWS 1992b, 1993a), detectable blood concentrations of arsenic, DDE, and dieldrin were

found. No other COCs were detected, although selenium, lead, and PCBs were found. None

of the detected concentrations exceeded the lower limits of concern (USFWS 1992b); however,

many of the samples were obtained soon after bald eagles arrived at RMA and blood levels of

contaminants only provide data on concentrations being transported via the blood at the time of

sampling. The current general health of bald eagles at RMA does not reveal any adverse effects

of RMA contamination, and bald eagles are unlikely to be significantly exposed to contaminants

while wintering at RMA. These two considerations to not suggest that eagles are likely to be

adversely affected by contamination at RMA.

Great Homed Owl

The great homed owl, a top predator, is also susceptible to the bioaccumulative characteristics

of organochlorine pesticides (Buck 1992). Great homed owls are one of the few raptors, with

year-round residence and, therefore, high potential exposure at RMA. Accordingly, data that

reflect relative survivorship, reproductive potential, exposure, and contaminant burden of great

homed owls at RMA are particularly pertinent to the overall assessment of risks.

Three studies include data on great homed owls at RMA. The Biota RI reported results of

necropsy and tissue analyses for four great homed owls (ESE 1989). The Biota CMP reported

results of analyses of five great homed owl eggs and three adults (RLSA 1992). The USFWS

monitored great homed owl nesting locations and reproductive success in 1990, 1991, and 1992

(USFWS 1992a, 1993a). Appendix Section CA contains a map indicating nest locations

(Figure C.4-5).
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Ecological Endpoints,

The assessment endpoints pertinent to great homed owl risk at RMA are reproductive potential

and mortality. Appropriate measurement endpoints, therefore, include the following:

Reproductive success as measured and compared among RMA nesting pairs and between
RMA populations and published accounts

Morbidity as measured by cases of potentially injurious contamination

Study Findings

Nesting success of great homed owls has fluctuated during the 3 years for which data have been

gathered. In 1990 and 1992, there were 11 breeding attempts in each year, 10 and I I of which

were successful, respectively. In 1991, five of the eight breeding attempts were successful.

There was no difference among the 3 years, however, in the number of young fledged per

successful nest (range = 1.9 to 2.1).

Data on reproductive success of great homed owls available as number of young observed and

number of young branched (i.e., out of the nest but not yet flying) for 29 nests recorded by the

USFWS over a period of 3 years (1991, 8 nests; 1992, 11 nests; 1993, 10 nests) were also

compared with ESC values for great homed owl exposure areas of 2,660-foot (ft) radius centered

on the nest location (Table C.5-8). As can be seen in Table C.5-8, at most of the nests, including

the two nests with ESC values greater than 0.5, either two or three young were observed. Not

all the observed young survived to leave the nest: one nest in each of four ESC categories (0.01

to 0.02 ppm, 0.02 to 0.03 ppm, 0.05 to 0.06 ppm, and 9.0 to 13.0 ppm) lost a single young; one

nest (ESC value of 0.09 to 0. 1 ppm) lost both its young, while nests in each of two ESC

categories (0.03 to 0.04 ppm and 0.07 to 0.08 ppm) collectively lost seven young, which

represents a loss of 30 percent and 70 percent of the young in nests associated with these ESC

categories, respectively. This pattern of loss shows no trend associated with exposure

concentrations of soil contaminants as expressed by ESC values (Figure C.5-1).
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Mortality of great homed owls appears to be an occasional result of contaminant exposure. One

great homed owl was observed displaying, and eventually succumbing to, symptoms typical of

pesticide poisoning (USFWS 1993b).

Study Conclusions and Comparison With Tissue Analyses from Various Studies

Great homed owls are one of a few species whose individuals may spend their entire lives at

RMA. Three years of reproductive data indicate above-average production in 1990 and 1992

(USFWS 1993a).

Because great homed owls are resident species at RMA, it is highly likely that any contaminants

in their tissues were acquired on post. Of four great homed owls found dead in 1986, three had

detectable levels of dieldrin in both brain and liver tissue samples (Attachment C.5-2). The

levels reported for great homed owls were among the highest reported for raptors at RMA.

Mercury and DDE were also detected in these samples (ESE 1989). All of the eggs collected

in 1990 contained dieldrin, as did all of the muscle and liver samples collected from birds found

dead between 1988 and 1990. Endrin, DDT (not in eggs), and especially DDE and mercury,

were also found in these samples (RLSA 1992). Maximum concentrations of dieldrin in liver

(27.7 ppm, Biota RI; 25.0 ppm, Biota CMP) and DDE (15.5 ppm, Biota RI; 5.40 ppm, Biota

CMP) are particularly noteworthy relative to those in other species sampled during the Biota

CMP. Maximum brain concentrations of these two chemicals were also quite high (dieldrin, 15.6

ppm; DDE, 10.4 ppm). These concentrations are higher than the whole-body MATC (0.76 ppm)

for great homed owls. Thus, results of current studies indicate lethal effects of contaminants in

individual great homed owls, although no adverse effects on average production nor population

are apparent from the study.

Burrowing Owl

The bun-owing owl has been a species of concern over much of its range for more than a decade

(Johnsgard 1988) because its populations have been declining over much of its range. This is

apparently in response to the expansion of cropland and reduction of burrow-producing colonial
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rodents (Butts 1973). Locally, however, the creation of open areas has actually increased local

abundance (Wiseman 1986). This raptor, which typically breeds in prairie dog burrows, is unique

in that it spends an important portion of its life cycle in direct contact with the soils of RMA.

A study of nest site selection and habitat use of burrowing owls at RMA provided data on habitat

requirements, food and feeding habits, and reproductive output (Plumpton 1992). Nests from

which at least one individual fledged were recorded as successful. Because burrowing owl nests

at RMA were consistently located within active prairie dog colonies, the map for active prairie

dog colonies at RMA indicates potential burrowing owl nesting habitat at RMA (RLSA 1992).

Ecological Endpoints

Reproductive success, as measured by nesting success, is the assessment endpoint derived from

the data available. Other information, such as habitat-use patterns and food habits, may provide

some indication of the relative probability of exposure.

Study Findings

Burrowing owls tended to use sparsely vegetated and roadside habitats, but available data did not

allow a quantitative estimate of use proportional to habitat availability. The majority of nest

burrows were associated with active prairie dog towns. While invertebrates, small mammals, and

passerine birds were all hunted by burrowing owls, small mammals of the genus Peromyscus

were the key food source.

Table C.5-9 shows that the nesting attempts, number of successful nests, and mean number of

young fledged from each nest attempted in 1990 and 1991 were very similar. Detailed

information on burrowing owl nest success based on number of live juveniles observed above

ground was recorded for the USFWS during 1990 (27 nests), 1991 (40 nests), 1992 (40 nests),

and 1993 (43 nests) at RMA. ESC values were calculated from the Ecological Risk

Characterization (ERC) database for each of these 150 nest locations using a radius of 2,874 ft

for the exposure range (Haug and Oliphant 1990). The number of juveniles ranged from zero
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to 9; ESC values ranged from 0.000 to 13.078 ppm. Table C.5-10 shows the relationship of

number of burrowing owl juveniles and the ESC values calculated for their nest sites. This

comparison of number of juveniles vs. ESC value revealed no trends. Ninety-two percent of the

nests (i.e., 138 nests) were associated with ESC values less than 0.125; in fact, 65 percent (i.e.,

98 nests) of the nests were associated with ESC values less than 0.05. It can be seen that for the

12 nest sites with ESC values above 0.125 ppm, 58 percent had five or more juveniles. At ESC

values at or below 0.125 ppm, 39 percent had five or more juveniles. The only time nine

juveniles were found was at two nests in 1990; one of these nests was associated with an ESC

value between 0.05 and 0.125 ppm and the other was associated with the highest ESC value

calculated for a burrowing owl nest location, 13.08 ppm. These data provide no indication that

burrowing owl populations, as reflected in nest success, are adversely affected by mean

contaminant levels within their expected exposure range centered on their nest sites.

During 1990, five juvenile burrowing owls were collected and analyzed for aldrin, dieldrin,

endrin, DDT, DDE, arsenic, and mercury. Table C.5-11 shows the aldrin/dieldrin tissue

concentrations in these juveniles, the aldrin/dieldrin ESC values for the nest location closest to

the collection location for the juvenile, and the number of juveniles at this closest nest location.

The juvenile with the highest tissue concentration is associated with the nest having the lowest

ESC value; the juvenile with the lowest tissue concentration is associated with the next to highest

ESC value and the next to lowest number of young. The available data do not show obvious

trends in association between reproductive success (based on number of live young observed

above ground), ESC, and tissue concentration of burrowing owls.

Study Conclusions and Comparison With Tissue Analyses from Various Studies

The reproductive potential of the burrowing owl may be significant at the individual level, as

well as the population level, since it is a species of concern to the public because of declines in

its population documented in the 1980s (Johnsgard 1988, Tate and Tate 1982) and at least as far

back as the 1960s (Bailey and Niedrach 1965). Burrowing owls at RMA appear to be

reproducing at an appreciable rate and offspring produced at RMA are returning and breeding
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successfully in the years following the year in which they were banded. The 2-year mean

breeding success rate of 4.38 young fledge d per nesting pair is higher than for many areas

reported in the literature.

Carcasses of burrowing owls collected during the Biota CMP had measurable levels of dieldrin

contamination as high as 1.1 ppm, which is just above the whole-body MATC of 0.76 ppm.

Thus, while known diet and limited data on tissue levels indicate contaminant exposure for some

individuals, population reproductive, fledgling, and breeding return data do not reveal adverse

effects on the population at RMA.

All Raptors

Collective studies of all raptor species have been performed at RMA in addition to the

species-specific studies of bald eagles, American kestrels, and burrowing owls. The general focus

of RMA investigations on raptors is due to their status as upper trophic-level sentinels for the

effects of bioaccumulative contamination (Newton 1979) and due to the public interest in raptor

populations.

Two types of data are available for investigating ecological effects on raptors at RMA: results

from roadside surveys and results from nest monitoring studies. In 1986 and 1987, MKE

conducted observational surveys from roadsides at RMA and at two off-post control areas

(Adams and Arapaho Counties, Colorado). Population trends and relative abundances of each

species were compared between these areas. From August 1991 through May 1992, USFWS

conducted weekly or biweekly roadside surveys of raptors along a 24-mile route at RMA

(USFWS 1993a). Data collected on raptor abundance were used to monitor population trends,

while the data on raptor distribution were used to develop indices of habitat use vs. habitat

availability at RMA.
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During the springs and summers of 1990 through 1992, USFWS conducted inventories and

monitoring studies of RMA raptor nests. Reproductive success was recorded for red-tailed

hawks, Swainson's hawks, American kestrels, great homed owls, and long-eared owls.

Ecological Endpoints

Assessment endpoints, that may be reflective of contan-iinant impacts upon raptors are the

following:

Species richness as measured by roadside surveys of species

" Relative abundance as measured by roadside surveys of individual raptors

" Reproductive success as measured by nest success at RMA

Study Findings

Roadside census data (MKE 1989a: Figures 4-14, 4-15, 4-16; Table 5) indicate that RMA

supported higher densities of individuals and more species of wintering and breeding raptors than

either of two control areas in Adams and Arapahoe Counties (MKE 1989a). While raptors are

common at RMA year-round, the abundance of individual species fluctuates in accordance with

their individual life cycles and area use patterns. Great homed owls represent the main

year-round resident. Burrowing owls, Swainson's hawks, red-tailed hawks, and American kestrels

are present primarily as breeding populations. Northern harriers, ferruginous hawks, rough-legged

hawks, other owls, and bald eagles are present primarily as wintering populations.

Habitat-use patterns indicate that several species utilize specific RMA habitats in proportions

greater than their availability would indicate. Red-tailed hawks tended to utilize wetland habitats

to a greater extent than expected, and ferruginous hawks utilized weedy forb habitats to a greater

extent than expected.
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Study Conclusions and Comparison With Tissue Analyses from Various Studies

As documented from the results of roadside counts (MKE 1989a; USFWS 1993a), total

abundance and species richness of raptors at RMA are both quite high. Habitat-use patterns

appear to be related to species-specific ecology (e.g., habitat quality, prey abundance, and

protection) (USFWS 1993a) rather than attributable to any trends in contamination. These

habitat-use patterns affect the potential exposure among species. Bald eagles, red-tailed hawks,

and rough-legged hawks, for example, utilize wetland/riparian habitat in proportions greater than

occurrence would predict. Because these habitats tend to be less contaminated and/or

ecologically impacted, the potential for exposure may be relatively low for these species.

A number of raptor tissues have been analyzed for contaminants in various programs such as

American kestrel egg and juvenile samples from early investigations (McEwen 1982), the Biota

RI (ESE 1989) and Biota CMP (RLSA 1992) and great homed owl egg samples from the Biota

CMP (RLSA 1992). Fortuitous samples were collected from dead and dying individual raptors

during the Biota RI (ESE 1989), Biota CUT (RLSA 1992), and ongoing USFWS programs. The

reports on these programs contain maps and information on locations of fortuitous samples.

Some of the COCs have been detected in a number of the raptor species collected at RMA

including American kestrel, bald eagle, golden eagle, red-tailed hawk, ferruginous hawk,

burrowing owl, and great homed owl. The frequency of contaminant detection was higher in

kestrels collected on post than those collected off post. Dieldrin is the primary contaminant in

the raptor samples that were analyzed and occasionally reached high levels (i.e., as much as 25

to 27.7 pprn in the brain and liver of the great homed owl). Other notable concentrations of

dieldrin in fortuitous samples collected at RMA included 9.44 ppm in a red-tailed hawk's brain,

15.6 ppm. in a great homed owl's brain, and 9.98 ppm in a ferruginous hawk's brain (Attachment

C.5-2). Whole-body MATCs for dieldrin in raptors range from 0.41 (bald eagle) to 0.76 ppm

(owl). The brain to whole-body ratio of dieldrin tends to be highly variable, ranging between

0.1 and 2 based on a survey of the general literature.
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The high concentrations detected in brain and liver tissue of individuals of some species found

dead at RMA are consistent with known exposure pathways and contaminant sources. The levels

and frequency of dieldrin and DDE contamination in some raptors at RMA (i.e., American

kestrel, ferruginous hawk, and great homed owl) indicate some level of risk for these species.

Brain levels of the organochlorine pesticides found in some individuals are within ranges

associated with reduced reproductive success or death, and are above the whole-body MATCs

(Attachment C.5-2) for organochlorine pesticides in these raptors. While studies of raptor

reproduction, abundance, and diversity were not specifically designed to assess potential impacts

of contamination, they have not revealed adverse effects to these parameters (USFWS 1993a).

Water Birds

Water birds (i.e., waterfowl and coots) are susceptible to deleterious effects of chemical

contamination. By virtue of their close association with environmental media such as water and

sediment and the tendencies of these media to act as contaminant sinks, water birds are very

likely to be exposed to contaminants at RMA.

In the biota RI, the water bird species present at RMA were compared to those in off-post lakes

during the breeding season of 1986 (ESE 1989). Reproductive success was also recorded during

this study. In addition, the USFWS has conducted year-round observations of water birds at

RMA's lakes and wetlands to identify important habitats and temporal-use patterns.

Ecological Endpoints

Reproductive success, as measured by nest success at RMA, is an assessment endpoint that may

be reflective of contaminant impacts upon water birds.

Study Findings

In 1984 and 1986, fewer water bird nests and broods were observed at RMA than would be

indicated by habitat availability. No successful mallard broods were observed in 1986, while off-

post control areas exhibited normal success (ESE 1989). However, in 1988 through 1990,
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pre-flight juveniles of blue-winged teal, mallards, and American coots were collected at RMA

and analyzed for contaminant burden. Thus, their presence proves some level of reproduction

was occurring for those years. Relative abundance of individual species differed between the

lakes of RMA and off-post control areas (MKE 1989a). Likewise, individual RMA lakes have

been shown to support differing water bird communities.

Study Conclusions and Comparison With Tissue Analyses from Various Studies

Reproductive success/failure has been documented for water birds, although limited quantitative

information exists even for the mallard. Poor water bird reproduction may be the result of such

factors as contaminant effects, nest interference by fishermen, high levels of predation, or

management-related fluctuating water levels. Among these factors, contamination is of particular

concern in closed aquatic systems, which may receive contaminant inflow from widespread

surrounding uplands.

In two samples of addled mallard eggs reported in the Biota RI (ESE 1989), dieldrin was the

most commonly detected contaminant at levels of 4.89 and 3.0 ppm. The eggs also had DDE

levels ranging from 0.606 to 0.919 ppm. The organochlorine pesticide levels were within the

range of literature values indicative of adverse reproductive effects and substantially above the

whole-body MATC for water birds. Concentrations in eggs tend to be lower than whole-body

concentrations from the same individual for DDT/DDE. Aldrin/dieldrin concentrations are not

typically measured in eggs.

Upland Game Birds

Important upland game birds such as mourning dove and pheasant are present at RMA. Several

studies of upland game birds have been performed to determine potential ecological impacts of

contaminants. Data on reproductive potential of pheasants are available on an RMA-wide basis

only.
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Ecological Endpoints

The assessment endpoints for upland game birds, as available data allow, are the following:

Reproductive success as measured by brood size and number of broods for pheasants

Relative abundance as measured by roadside call counts of pheasants and mourning doves
at RMA relative to control areas

Study Findings

Abundance of ring-necked pheasants and mourning doves expressed as the number of

vocalizations; occurring during timed stays at listening stations was compared between RMA and

an off-post control area (Weld County, Colorado) (MKE 1989a). Pheasant abundance was

significantly higher at RMA (mean number of vocalizations at RMA = 552, Weld County = 108).

Conversely, mourning doves had higher population levels at the off-post location (mean number

of vocalizations at RMA = 32, Weld County = 110). Generally, mourning doves were not

abundant at RMA during the breeding season.

Ring-necked pheasant brood sizes surveyed in 1984 and 1986 at RMA and off-post control areas

were smaller at RMA (RMA mean = 1.8; control area mean = 3.2) (MKE 1989a).

Study Conclusions and Comparison With Tissue Analyses from Various Studies

The results of pheasant reproductive surveys are qualitative, but indicate high breeding activity

and a low number of successful broods. The low number of successful broods could be the result

of contaminants, poor-quality habitat, or high predation pressure. Dieldrin contamination in

pheasants and mourning doves was detected at levels ranging up to 5.95 ppm (dressed carcass

tissue). Some individuals had concentrations that were substantially above the whole-body

MATC for small birds, suggesting that contamination may be partially responsible for the

observed poor reproductive success.

Songbirds
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Many species of songbirds are present at RMA. Several studies of songbirds have been

performed to determine potential ecological impacts of contaminants. Data on reproductive

potential of selected species of songbirds are available on an RMA-wide basis only. Information

on relative abundance and species richness has also been collected for many of the songbird

species.

Ecological Endpoints

Relative abundance, as measured by censuses and breeding bird surveys of on-post vs. off-post

songbird species, is the assessment endpoint for songbirds at RMA.

Study Findings

Small bird populations were censused at RMA, Buckley, and PCC. The predominant species

were homed larks and western meadowlarks (MKE 1989a). Homed larks were significantly more

abundant at PCC, and meadowlarks were more abundant at Buckley. These differences in species

abundance were assumed to result from differences in habitat at RMA and the reference locations

because no within-site variation was attributable to trends in contamination (MKE 1989a).

The quantitative breeding bird survey results (Table C.5-12) indicate that "grassland songbirds

nested at higher densities off site" (MKE 1989a). For all four species evaluated, western

meadowlark, homed lark, grasshopper sparrow, and vesper sparrow, densities were highest off

post for both crested wheatgrass and native grassland habitats. The results of multiple correlation

and principle components analyses attributed the differences in breeding density of these four

species to differences in habitat quality, which was evaluated on the basis of 16 independent

habitat variables that were grouped as descriptors of habitat complexity, openness, and denseness

(MKE 1989a).
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Study Conclusions and Comparison With Tissue Analyses from Various Studies

The lower abundance and density of songbirds at RMA relative to control areas have been

attributed to differences in habitat (MKE 1989a). Chemical analyses of vesper sparrows, western

meadowlarks, mourning doves, and of several species sampled fortuitously revealed no consistent

patterns of concentration and spatial distribution, although tissue concentrations of aldrin, dieldrin,

and endrin in mourning doves were substantially above the whole-body MATCs for small birds

(Attachment C.5-2). Most of the fortuitous samples were collected dead from the lawn in front

of Building 111. A Brewer's blackbird was exhibiting muscular tremors when collected in front

of a warehouse just east of South Plants; chemical analysis revealed 8.0 ppm dieldrin, which is

well above the whole-body MATC of 0.15 ppm. Thus, there is evidence that individual

songbirds are being adversely affected by contaminants at RMA.

C.5.3.2.3 Invertebrates

Invertebrates were studied because of their importance in the structure and function of regional

ecosystems, because some species are known to bioaccumulate contaminants, and because they

can serve as sensitive indicators of contaminant effects (ESE 1989). Each group was sampled

at the population level at sites of known contamination and in off-post control areas.

Grasshopper abundance was estimated using standard ocular techniques. Ten 1-ft-square (ft2

plots were established at 33-ft intervals along five 328-ft transects located in on-post sites of

contamination (i.e., the Basins A, C, and F) and similar habitats in off-post control sites at

Wellington State Wildlife Area (Larimer County, Colorado) and in Aurora Environmental Park

(Adams County, Colorado). Information on exact sampling locations, detailed methods, and

statistical analyses is provided in the Biota RI (ESE 1989).

Earthworm population density was estimated by excavating known soil volumes and plots (11 ft'

in size and dug to a depth of approximately 0.5 ft) and hand sorting the soil to remove

earthworms. Sample sites were selected in South Plants, at an on-post control site in Section 5,

and an off-post control site at Barr Lake State Park (Weld County, Colorado). Samples at each
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location were from the same soil type. Other potential locations in sites of contamination (e.g.,

Basin A) were not sampled due to a variety of reasons including soil compaction, absence of

vegetation, or soil types not suitable to sustain earthworm populations. Data were analyzed by

nonparametric methods. Analyses are described in Appendix B of the Biota RI (ESE 1989).

Ecological Endpoints

The assessment endpoint investigated to evaluate whether RMA contaminants adversely affected

invertebrate populations was population abundance of selected invertebrate groups: grasshoppers,

earthworms, and aquatic snails. The measurement endpoints were the following:

" Grasshoppers-Population density

" Earthworms-Population density

" Aquatic snails-Population density and biomass

Study Findings

For grasshoppers, the analyses showed a nonsignificant (p>0.05) statistical difference between

controls (on post n=10; off post n=26) and between controls and contaminated samples (n=21)

using both parametric and nonparametric tests. This was true even when variation resulting from

differences in time of day, temperature, and floral characteristics were removed via multiple

regression analysis and the residual variation analyzed among the control and contaminated sites.

For earthworms, results indicated that the on- and off-post control sites were significantly

different, and that both control sites were significantly different from the contaminated site.

Differences in population density were not consistent with patterns of contamination (e.g., the

on-post control site had the highest population density).

For aquatic snails, statistical differences in population density in both 1986 and 1987 were found

between RMA lakes and off-post control sites. Statistical differences were also detected between

controls for 1986 and 1987 and among RMA lakes for 1986, but not for 1987. Results indicated
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a high degree of variability between sites and years. Additional statistical analyses indicated that

covariates of aquatic vegetation, snail weight, water temperature, and water pH affected results.

Study Conclusions and Comparison With Tissue Analyses from Various Studies

The above-referenced data indicate no obvious contaminant effects on population density of

grasshoppers, earthworms, or aquatic snails.

In grasshopper samples from the population survey areas, none of the organochlorine pesticide

COCs, arsenic, mercury were detected in the on- or off-post control sites. Arsenic, dieldrin,

endrin, and mercury were found in earthworms from the on-post control and South Plant sites

(Attachment C.5-2). Earthworm population and tissue contaminant levels were reported as not

indicative of adverse contaminant effects (ESE 1989).

C.5.3.2.4 Terrestrial Vegetation

Terrestrial vegetation is the basis of terrestrial ecosystems, and its biomass is as much as 10

times greater than the biomass of terrestrial animals. Much of the biomass of most plant species

is below the ground and in contact with soils and the chemicals in soils. The distribution of

vegetation at RMA is documented by good aerial photo coverage of the RMA area dating to 1937

and by a remote sensing program conducted in 1978-79 (Strahler et al. 1979). MKE (1989b)

performed extensive sampling of ecological parameters for vegetation both on post and off post.

Data for plant species cover, production, phenology, density, as well as plant community

floristics, were collected.

Ecological Endpoints

Assessment endpoints, for vegetation are species richness, relative abundance, and morbidity of

plant communities. Soil contamination may affect these assessment endpoints directly by

influencing the presence or growth of particular plant species, as well as indirectly via plant

symbiont or decomposition microorganisms that make nutrients available for plant use.

Measurement endpoints for these assessment endpoints, are the following:
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" Structure and species composition at the population and community level, respectively

" Growth and phenology at the population and individual level

Study Findings

Portions of RMA are contaminated with materials that are toxic to plants and that continue to

affect vegetation. The Lime Settling Basins in Section 36 are, for example, devoid of vegetation,

a condition that is attributable to the toxic chemicals concentrated at these locations. At this

time, areas such as this are localized and do not cover a large portion of RMA. Between 1976

and 1978, larger expanses of bare ground were present adjacent to Basin F and other waste basins

where surficial deposition of contamination occurred through evaporation of contaminated

material. This retrogression most likely occurred when severe drought added stress to plant

communities already impacted by contaminant deposition (Strahler et al. 1978). With average

precipitation, weedy and early successional species have naturally revegetated these areas, and

native grasses that have been seeded at these locations have grown normally.

Aside from these relatively limited areas of high contamination, it is very difficult to discern

contaminant effects on vegetation at RMA. The RMA landscape is, generally, a highly modified

mosaic with local vegetation being primarily a function of past land uses. Although Strahler et

al. (1979) suggested a correlation between contaminated surface water and groundwater flow and

plant community successional status, MKE (1986) found that no specific vegetation type is

reflective of contamination. Although weedy vegetation is associated with contaminated areas,

weedy species are just as likely to dominate in uncontaminated portions of RMA. Weediness is

a result of land disturbance, whether the disturbance is the result of facility construction,

contaminated waste disposal, or abandonment of agricultural activity. Conversely, native

grasslands occur in undisturbed surface areas with surficial contamination, as well as in

undisturbed areas remote from contamination. Section 36, one of t he most severely contaminated

areas of RMA, contains about 25 acres of undisturbed native grassland.
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Variables such as total vegetation cover, total productivity, species richness, and phenology are

similar between weedy and native vegetation sites within moderately contaminated and

noncontarninated sites at RMA as well as at off-post locations (MKE 1989b). The MKE

terrestrial plant study investigated 658 locations at three different sites (RMA, 424 locations;

Buckley, 121 locations; and Prairie Conservation Center, 113 locations) as to their cover, height,

density and production. Statistical comparisons of cover, production, density, and diversity were

performed for the major vegetation types (native grassland-RMA, 73 transects; mixed grass

prairie-Buckley, 51 transects; mixed grass prairie-PCC, 51 transects; short grass prairie-PCC,

52 =sects; crested wheatgrass-RMA, 48 transects; and crested wheatgrass, 49 transects) using

one-way ANOVA. In crested wheatgrass, cover and species per transect were significantly lower

(p=0.05) at RMA than at Buckley, but production and density were not. Other types were not

strictly analogous. The total number of species in native grassland at RMA was greater than in

any of the other vegetation types at any site. The occurrence of diverse management practices,

human activities, and environmental variables at RMA and at the control sites precludes

identification of the basis for quantitative differences in vegetation between these sites. In

general, habitats at RMA are comprised of healthy plant communities that are proceeding through

normal successional processes for semiarid environments.

Study Conclusions and Comparison With Tissue Analyses from Various Studies

The distribution of plants at RMA is affected by localized, high contaminant concentrations as

well as by various other factors. A number of plant samples analyzed under the Biota RI and

Biota CMP contained low levels of arsenic and OCPs. Arsenic was detected at 4.5 ppm. in

sunflower leaves collected in Basin A. No phytotoxic effects were exhibited by the plants and

it was suggested that the detections of arsenic may have been due to dust deposited on the leaves

(ESE 1989). Levels reported during the Biota RI (ESE 1989) for RMA vegetation (Attachment

C.5-2) do not suggest direct adverse effects. Similar low levels of contaminants were reported

from the Biota CMP, so terrestrial plants proved to be relatively ineffective indicators of the

COCs in 1988 through 1990 (RLSA 1992).
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C.5.3.3 Investigations of Biomarkers

Biomarkers such as the inhibition of AChE in brain tissue and eggshell thinning are specific

possible effects of some of the contaminants found at RMA. Data on these parameters were

collected as part of the Biota RI to evaluate whether these adverse effects were occurring at

RMA on or near sites of known contamination (ESE 1989). To evaluate AChE inhibition,

analyses were performed on brain tissues from mallard, ring-necked pheasant, black-tailed prairie

dog, and desert cottontail from sites of contamination at RMA and from control sites more than

40 miles from RMA. Fortuitous samples (three red-tailed hawks, two golden eagles, and one

mourning dove) from RMA were also analyzed. Eggshell thinning can be produced by some of

the RMA COCs and could result in lower reproductive success for some bird species. Shell

thickness and other measurements were made on the eggs of mallards, pheasants, and kestrels

that were collected as part of the Biota RL

Biomarker Endpoints

AChE inhibition and eggshell thinning are not considered ecological endpoints as these

measurements are not used to assess parameters of population or community-level status. Rather,

these measurements were made because they are known to be indicative of harmful levels of

chemical contamination. While eggshell thinning is known to be caused by exposure to harmful

levels of DDT/DDE in the diet, AChE inhibition is used as a measure of adverse exposure to

organophosphates and chemical compounds with similar activities.

Study Findings

The only significant (p<0.01) AChE inhibition (> 20 percent reduction) was found in prairie dogs

living in or near the Toxic Storage Yard. The decrease could not be related to known

contaminants found in that area, but appeared to result from the naturally occurring

concentrations of arsenic and metals compounds associated with the soil type found at that

location (ESE 1989). Eggshell thickness did not differ significantly between RMA sites and the

off-post control sites (ESE 1989) for mallards, ring-necked pheasants, and American kestrels.
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Study Conclusions and Comparison With Tissue Analyses from Various Studies

Results of AChE and eggshell-thinning studies did not indicate that either adverse effect was

present at RMA as a result of contamination. Sample sizes for mallard, pheasant, kestrel, prairie

dog, and cottontail were sufficient for nonparametric statistical analyses. Incidental data on other

species, though inconclusive, were consistent with these results. Details of the statistical analyses

are presented in Appendix B of the Biota RI (ESE 1989).

C.5.3.4 Incidences of Mortality

Direct mortality of wildlife as a result of exposure to chemical contamination is a

well-documented phenomenon (Connel and Miller 1984). Several RMA COCs are lethal at

relatively low doses. Data that provide indications of wildlife mortality at RMA include historic

accounts, current observations, and interpretations of mortality events documented by USFWS.

Historical reports of significant levels of wildlife mortality at RMA began in the early 1950s

(Hyman 1953). At least three studies were conducted in the 1950s specifically to document and

investigate the causes of wildlife mortality (Sciple 1952; Jensen 1955; Finley 1959). Fortuitous

samples were collected during 1988, 1989, and 1990 (RLSA 1992). Since that time, the USFWS

has continued to collect fortuitous samples at RMA.

Ecological Endpoints

In spite of the fact that past occurrences of wildlife mortalities at RMA are not pertinent to the

current risk of mortality, documentation of such occurrences provide clear evidence that RMA

contaminants have caused mortality. The measurement endpoint that is pertinent to assessing the

risk of mortality is the observation of dead, dying, or seriously impaired individual animals.

Study Findings

Caustic releases into the lakes have been. thought to cause declines in the fish populations since

the late 1940s. Finley (1959) estimated a minimum mortality of 20,000 water birds during a

10-year period. McEwen (1981) recorded the death of numerous ducks with high levels of

dieldrin in their tissues in 1955. Hundreds of individuals, including waterfowl, amphibians,
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raptors, songbirds, fish, and shorebird species, have been found dead or dying in every decade

since 1950 (ESE 1989). Most hawks and owls found dead at RMA and analyzed for

contaminants in brain and liver tissues were found to contain dieldrin. Lethal dieldrin brain

levels are reported to range between 4 and 20 ppm (Robinson and Crabtree 1967; Coon et al.

1968; Belisle et al. 1972; Mulhern et al. 1970). The brain-tissue concentrations of dieldrin in

most raptors (excluding eagles) found dead due to unknown causes at RMA and analyzed fell

within this range. During the Biota RI program, numerous dead birds were noticed on the

mowed lawns around Building I 11 at RMA. Deaths in this area were specifically recorded

during the Biota CMP through pedestrian surveys of the Building 111 grounds that continued

each spring until specimens were no longer consistently found. The surveys resulted in the

collection of mostly American robins and European starlings. In addition to specimens from this

area, numerous specimens were collected during the Biota CMP field work at RMA (1988-90).

Table C.5-13 provides descriptive information from field notes written between 1988 and 1990

during the Biota CMP about animals exhibiting behavioral abnormalities or animals found dead

and showing abnormalities from autopsy reports or necropsies.

Study Conclusions and Comparison With Tissue Analyses from Various Studies

Incidents of extensive wildlife mortality have occurred in the past at RMA. The extent and

implications of current mortality are not well documented and poorly understood, but it is

substantially less than that documented in the 1950s and 1960s (see Appendix A).

The extensive analytical data reported in the Biota RI (1989) and the subsequent Biota CMP

(1988-90) shows variable concentrations of organochlorine pesticides in individuals of all taxa

sampled. Dieldrin levels were as high as the 56 ppm reported in a mourning dove carcass found

on the lawn of Building 111. Thus, potentially lethal concentrations of organochlorine pesticides,

chiefly dieldrin, occur in the tissues of some individuals of certain mammal and bird species

(Attachment C.5-2). Dieldrin is the contaminant most likely to be detected at injurious levels and

occurs in a variety of trophic levels and species.
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Despite the contaminant levels detected, current contamination-related mortality is not believed

to be causing deleterious effects on the overall abundance or richness of wildlife populations at

RMA. Wildlife resources are generally quite abundant at RMA and the species composition is

quite diverse for the Rocky Mountain/plains grassland ecotone of eastern Colorado.

C.5.4 ECOLOGICAL ENDPOINT SUMMARY

This section summarizes the information from the ecological effects investigations into a

hierarchy of ecological endpoints consistent with current EPA guidance (EPA 1989a, b). EPA

guidance provides for the selection of endpoints at various levels of ecological organization. The

selection of endpoints at the individual level, such as endocrine disruption and immunological

effects, could conceivably produce adverse effects at the population level, but would be difficult

or impossible to evaluate from such an ecological perspective. Consequently, effects at the

community and population level were deemed to be more appropriate ecological endpoints.

Several animal species at RMA belong to populations that may range beyond RMA boundaries

(e.g., deer, coyote), so population density for these species is a better measure of habitat quality

than of adverse effects of contamination. For highly mobile species, it would be appropriate to

collect data on immigration and emigration in order to evaluate contaminant effects on population

density. This consideration was recognized in selecting endpoints for population density

estimates. Only species of small animals with limited mobility were select ed for overall

population density studies (e.g., aquatic snails, earthworms, prairie dogs). For highly mobile

species, endpoints were selected that took into account the mobility, exposure pathways, and

potential effects of RMA contaminants. Reproductive success studies on waterfowl and kestrels

fall into this category.

C.5.4.1 Community-Level Endpoints

C.5.4.1.1 Species Richness
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Data on species richness are provided by studies of plant community structure and species

composition by roadside species surveys of raptor diversity. A variety of field tasks, such as the

collection of grasshoppers, also provided information on species richness.

Species richness of vegetation as a measure of habitat diversity within RMA ecosystems was

difficult to assess because of the anthropogenic disturbance of many areas of contamination.

Elevated concentrations of arsenic in soil, sufficient to limit the presence of some plant species,

are present at RMA. Other contaminants, including salts and metals, may also adversely affect

plants, reducing local species richness of plants and, indirectly, animals by modifying the habitat.

However, soil compaction, application of herbicides for weed control, burning, and other

activities made it impossible in most areas to distinguish between physical and chemical

contaminant effects with any degree of certainty.

The extensive inventories of species conducted at RMA during the last decade by the Army,

Shell, USFWS, and the Denver Museum of Natural History have produced data showing that the

vertebrate species (i.e., birds, mammals, reptiles, amphibians, and fish) in terrestrial and aquatic

ecosystems are typical of similar habitats throughout the region. In fact, RMA ecosystems

contain sizable populations of key species including burrowing owls, wintering bald eagles, and

coyotes. While the large numbers of individuals within these populations are largely attributable

to agriculture and the lack of hunting and consumptive fishing within RMA boundaries, the

presence of diverse species (i.e., species richness) and sustained populations is a good indication

of general ecosystem health. Specific comparisons of contaminated sites within RMA are

difficult to assess because of the absence of specific quantitative ecological data correlated with

contaminant concentrations and the extensive noncontaminant-related disturbances associated with

these sites. EPA (1989a) states that in such instances interpretation of results must be done with

a great deal of caution.

When grasshopper samples were collected, only one species (Melanoplus sanguinipes) was

represented in samples from contaminated sites at RMA, which compares to the four to six
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species found in on- and off-post control samples. However, this difference in species richness

between control and contaminated sites was attributed to the reduced vegetation diversity at

contaminated sites rather than to a direct effect of chemical contamination on grasshoppers (MKE

1989a).

C.5.4.1.2 Trophic Diversity

Trophic diversity was not studied directly. Rather, data from pellet analysis of raptors, analysis

of the contents of guts of various prey species, and numerous direct-foraging observations served

as general measurement endpoints. When this information was evaluated together with data on

observed species richness at RMA and food-web pathways studies, there was no indication of

adverse effects by chemical contamination on the trophic diversity at RMA.

C.5.4.2 Powlation-Level Endvoints

C.5.4.2.1 Abundance

Data on abundance are provided by studies of (1) deer through surveys of their distribution; (2)

prairie dogs through average density surveys; (3) small mammals through documentation of

general population abundance and mean abundance during trapping; (4) bald eagles through

surveys of individuals and their distribution; (5) raptors through roadside surveys; (6) upland

game through roadside call counts at RMA and in control areas; (7) songbirds through censuses

and breeding bird surveys; (8) invertebrates through aquatic snail population density and biomass

measurement, earthworm population density records, and grasshopper population density indices;

and (9) vegetation through a survey of species distribution.

The mule deer population is increasing. Additional data on individual effects and contaminant

concentrations support the general conclusion that RMA contamination is not adversely affecting

deer populations. Studies of prairie dogs, small mammals, bald eagles and other raptors, upland

game birds, songbirds, and invertebrates at RMA either indicated no significant reduction in

populations at RMA or reported ambiguous results that were difficult to interpret. Some species,

including homed larks and mourning doves, -were significantly more abundant at the off-post
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control sites than at RMA. While contamination effects are possible, additional analyses indicate
that the differences in habitat quality and diversity account for most of the differences observed
(MKE 1989a).

C.5.4.2.2 Reproductive Success

Data on reproductive success are provided by studies of (1) deer (based on fawning rate, fawn
survival, and population growth rate); (2) prairie dog (based on juvenile-to-adult ratios); (3)
American kestrel (based on nesting attempts per available opportunity, clutch size, hatching
success, and fledgling success); (4) great homed owl (based on nesting success at various
locations at RMA and relative to published data); (5) burrowing owl (based on nesting success);
(6) raptors (based on nesting success); (7) water bird (based on nesting success at RMA); and
(8) upland game birds (based on brood size and number).

Information on the reproductive success of deer indicates healthy populations. Both mule deer
and white-tailed deer are reproducing well, although health-related problems in some individuals
have been noted. While prairie dog reproductive success was lower on post than off post, the
differences were strongly confounded by the impacts of campestral plague and colony maturity.
The trends for small mammal reproductive success were ambiguous and appeared to be related
to habitat quality.

Results from the various measurement endpoints evaluated for birds at RMA indicated a
possibility of contaminant-related reproductive effects for some species. American kestrel studies
documented potentially harmful levels of contamination in some individuals, but significant
population effects were not documented. While a greater percentage of nests appeared successful
off post, in recent years the nests that were successful on post tended to produce more eggs and
more fledged young. Causes of nest failure were not studied. While this higher production per
successful nest does not offset the overall greater success rates observed off post, it does indicate
that high productivity is possible within contaminated areas. It may also suggest that other
unexamined factors, such as predation, human disturbance, and nest site competition, may
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contribute to on-post nest failure. Reproductive success of both owl species and of other raptors

breeding at RMA appears comparable to or better than data from off-post control areas and to

data from related studies conducted in other areas. In mallards studied in 1986, reproductive

success was reduced in RMA lakes compared to off-post control sites, and contaminant levels

in the two tissue samples taken were elevated, both of which suggest contaminant effects

consistent with the modeled exposure routes to this trophic box.

C.5.4.2.3 Morbidity

Data on morbidity are provided by studies of (1) deer mortality and general health (e.g., muscle

mass, fat reserves, physical condition, the incidence of disease or parasitism, and the incidence

of health-related problems in individuals); (2) bald eagle general health and potential exposure;

(3) great homed owl individuals exhibiting symptoms of contamination; (4) fortuitous

observations and necropsy of dead and dying raptors as well as accompanying tissue analyses;

and (5) vegetation presence, growth, and phenology at the species and individual level.

Most individual deer appear healthy and are free of contaminants. The few instances of health-

related problems continue to be evaluated.

The bald eagle winter roost at RMA is one of only five in the region. It has been used

consistently since 1986, providing not only a protected roosting site but a dense prey population

of prairie dogs nearby. While contaminant levels measured in the blood of captured bald eagles

were not above the lower limits of concern, most of the birds were captured soon after their

arrival at RMA_ 3-he bald eagles' potential exposure to contaminants via the food-web pathway

during their stay at RMA (about 5 months) continues to be of concern, and prairie dogs are being

kept out of the most contaminated areas of RMA to eliminate potential exposure of eagles from

this prey source until these areas have been remediated.

Although a number of great homed owls have been found dead, due allegedly to RMA

contaminants, the reproduction rate for the population remains above average.
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The numerous factors affecting the presence and distribution of vegetation confound the

consideration of plant morbidity.

C.5.4.3 Individual Endpoints

Data on individual endpoints, are provided by studies of (1) eggshell thinning (mallards,

pheasants, kestrels) and (2) AChE inhibition (pheasant, mallard, prairie dog, desert cottontail, and

fortuitous samples of individuals of miscellaneous other species).

AChE and eggshell-thinning studies did not reveal contaminant-related adverse effects in the

individuals studied. The results for AChE were statistically supported for species with sufficient

sample sizes (mallard, pheasant, kestrel, prairie dog, and cottontail).

C.5.4.4 General Conclusions

Adverse effects of contamination at RMA were severe in the past, as is indicated by the

documentation of water bird die offs and fish kills associated with contaminant releases to the

lakes. Investigations on the effects of contamination at RMA during the past decade indicate that

while some effects may still be present in biota at RMA, the wildlife communities and

populations are viable and appear healthy. The ecological effects of the contaminants that have

been documented are consistent with the exposure pathways and endpoints developed in the

pathways-modeling portion of the risk assessment (e.g., raptor mortality may be a consequence

of biomagnification through the food web).

Observations of reduced reproductive success in mallards in RMA lakes and of dead and dying

raptors indicate that some adverse effects of contamination may still be occurring. This

conclusion is supported by tissue-concentration results and by the exposure pathways model.

Likely effects of RMA contamination on individual animals have been observed (e.g., tissue

concentrations above NIATC values associated with toxicological endpoints in individuals that

appeared healthy when collected as intentional specimens; behavioral symptoms and necropsy

results indicating contaminants caused or contributed to the death of raptors and carnivores).
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From the ecological endpoints that have been measured, these effects are not apparent at the

population level at RMA.

C.5.5 UNCERTARM AND MUTATIONS

Sources of uncertainty in the characterization of the status and health of RMA fish and wildlife

populations include variability in study methodologies and reporting formats, as well as normal

biological variability among measured populations. The many ecological studies of RMA varied

considerably in their study designs (e.g., sample size, location of control areas, and experimental

treatment) and presentation of data. Data on wildlife population trends are not continuous

through time and frequently have been derived using different methodologies, which makes them

difficult to interpret, particularly given the many sources of natural variability. Natural

populations routinely fluctuate on both an annual and a seasonal basis. Some species may only

spend a few days or weeks at RMA. Timing of reproduction, relative reproductive success,

intensity of predation, level of parasitism, quality and abundance of food sources, and climate

all are variables that can positively or negatively affect population levels at any given point in

time. Recent data from USFWS breeding bird surveys indicate that some species fluctuate up

and down with a periodicity of 10 years or more. Further discussion of the uncertainties

associated with the characterization of the status and health of RMA biota can be found in

Appendix Section E.12.

The potential for wildlife exposure to contaminants at RMA has also been variable. In spite of

the fact that environmental persistence of the chemical contaminants at RMA is long term, a

number of intermediate remediation responses have been carried out in the last two decades with

the specific purpose of reducing exposure (e.g., draining and dredging of the Lower Lakes,

draining and removing sediment from Basin F, installing vegetative and physical barriers at

Basin A). Thus, contaminants should currently be less available to biota than they were when

some of the biota tissue samples were collected. Although a time lag would be expected between

reduction of exposure and a subsequent reduction in tissue concentration, the positive effects of
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exposure intervention programs should result in the declining availability and effects of

contarnination.

Because of variability in the design of past studies, the variability of wildlife exposure, and

anticipated resultant reduction in tissue concentrations, data from the long-term monitoring of

population trends are needed. A consistent long-term study design would enable separation of

contaminant effects on populations from natural long-term population cycles and animal mobility.

Such a study could minimize the number of variables that might obscure detection of any

corTelation between population trends or other ecological effects and contamination. The study

could also provide data useful for risk management, facility/refuge management, and regulatory

oversight. The biomonitoring program currently being conducted by USFWS is addressing these

goals.
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Table C.5-1 Studies Relevant to Ecological Endpoints Page I of 2

Assessment Endpoint Measurement Endpoint Relevant Studies (Source)

Reproductive Success Nesting Success Water birds (ESE 1989)
RaptoTs (see specific species)
Burrowing Owl (Plumpton 1992)
Great Homed Owl (USFWS 1992a, 1993a)
Kestrel (DeWeese et al., 1982 and undated.; ESE 1989;
RLSA 1990, 1992, 1993; USFWS 1992a, 1993a)
Pheasant (MKE 1989a)
Upland game birds (MKE 1989a)

Juvenile/Adult ratio Prairie Dog (NKE 1989a)
Liner size Prairie Dog (USFWS 1993b)
Fawn rate, survival Mule Deer (MYCE 1989a, USFWS 1992a,

USFWS 1993a; Whittaker 1993)

Morbidity Surviability as indicated by Great Homed Owl (USFWS 1993b; ESE 1989;
potentially toxic contaminant RLSA 1992)
concentrations in tissue Bald Eagle (USFWS 1992b, 1993a)

Raptors, (ESE 1989)
Kestrel (ESE 1989, RLSA 1992)

Morbidity as indicated by Bald Eagle (USFWS 1992b)
potential exposure

Morbidity/health as indicated by Mule Deer (USFWS 1993b)
muscle mass, fat reserves,
physical condition, incidence
of disease or parasitism

Abundance Relative abundance Bald Eagle (USFWS 1992b)
Small Mammals (MICE 1989a)
Prairie Dog (ESE 1989; USFWS 1993a; MICE 1989a;
RLSA 1992)
Mule Deer (MICE 1989a, USFWS 1992a;
Whittaker 1993)
Pheasant (ESE 1989; MICE 1989a)
Raptors (ESE 1989; MICE 1989a)
Upland game (MICE 1989a)
Songbirds (MYCE 1989a)

Species Richness and Density Grasshoppers (ESE 1989)
Trophic Diversity Earthworms (ESE 1989)

Aquatic Snails (ESE 1989)

Numbers of Species Identified Raptors, (ESE 1989; MKE 1989a; USFWS 1993a)
Plants (MICE 1989b)
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Table C.5-1 Studies Relevant to Ecological Endpoints, Page 2 of 2

Assessment Endpoint Measurement Endpoint Relevant Studies (Source)

Vezetation

Species Richness Structure and Species Plants (Strahler et al. 1978; NIKE 1986, 1989b)
Composition

Relative Abundance Structure and Species Plants (Strahler et al. 1978; MKE 1986, 1989b)
Composition

Survivability Growth and Phenology Plants (Strahler et al. 1978; NIKE 1986, 1989b)

RMA\0793 2/28/94 11:41 am cgh



Table C.5-2 Bias, Power, and Relevance Ratings of RMA Studies Selected to Evaluate
Ecological Endpoints Relevant to Risk Characterization Page I of I

Study Bias' poWU2 RelevanCe3

Aquatic snail Low High Medium
population density and biomass

Grasshopper abundance Low Medium High

Earthworm population density LOW Medium High

AChE inhibition in mammals Low Medium Low
and birds

Eggshell thinning Low Medium High

Prairie dog population density Medium Medium Medium
and age ratios

Avian reproductive success Low Medium High
(kestrels, pheasants, ducks)

Deer and rAptor population Medium Medium Medium
density indices

Fortuitous Observations Medium NA High

Other Abundance Studies Medium Medium Medium
small mammals, bald
eagle, mourning dove,
songbird, breeding bird

Other Reproductive Success Medium Medium Medium
Studies

Morbidity Studies4 Medium Low Medium
Deer, great homed owl,
bald eagle, vegetation

Bias is the magnitude and direction of the tendency to measure something other than was intended; measurement bias is a consistent
under- or overestimation of the true value in population units. Bias was minimized when: sarWles were representative of sites of
cowamination and appropriate control (reference) sites were selected and used.

*W None of the above
Medimn: Evaluation of magnitude of potential bias
Low: Samples representative; controls were used and were appropriate

2 Pam is the probability of rejecting the null hypothesis when in fact it is false and the alternative hypothesis is correct. Power was
imized when: the study was designed to test contaminant-related effects; appropriate statistical tests were used and site data were

compared to appropriate reference area data or regional background values.

High: All of the above
Medium Sonic combination of the above (professional judgment)
Low: No statistical design was used

Data were coDected RIVIA-wide

Relevance is pertinence to the matter at hand. Relevance was maximized when: endpoint(s) selected were consistent with potential
comusninant cffects; study was designed to measure the appropriate effect; study focused on sites of contamination; appropriate
receptors were identified and investigated and measurement endpoint = assessment endpoint; Note that some studies may be relevant
to only some COCs (e.g., eggshell thinning is relevant as an endpoint only for DDE).

High: All or most of the above
Medium: Some combination of the above (professional judgment)
Low: Study not designed to evaluate specific endpoint (effect measurement incidental to purpose of the study)

Study RMA-wide (did not focus on contaminated sites)
4 Stody design not appropriate to power analysis

RMA-IEA/0141 2128t94 11:47 am cgh



Table C.5-3 Significance of Statistical Comparisons of Selected Ecological Endpoints Between Control and Contaminated Areas

Species, Statistical Test and (Type) N Sample Location x Significance Source

Measurement Endpoint: Density

Earthworm (No ./M2) 4 Off-post Control 2.5 0.01> p >0.001 ESE 1989
ANOVA (P) 5 On-post Control 56 0.05> p >0.01
Kruskal-Wallis (NP) 5 On-post Treated 2.6

Grasshmpr (NojM2)
AN A (P) 26 Off-post Control NS ESE 1989
Kruskal-Wallis (NP) 10 On-post Control NS
Multiple Regression (P) 21 On-post Treated

Aquatic Snails (No ./M2)
One-way ANOVA (P) 10 Off-post Control A 563.1 0.001> p 1986, 1987) ESE 1989
Kruskal-Wallis One-way 10 Off-post Control B 158.6 0.001> p 8986, 1987)
ANOVA (NP) On-post Treated

10 Lake Mary 118.2 0.001> p (1986, 1987)
Multiple Regression (P) 10 Gun Club 258.9

10 Lake Derby 2.7
10 Lake Ladora 9.7
10 North Bog 60.1

Prairie Dogs (No./ha) Summer
ANOVA (P) 5 Control W 27.2 NS ESE 1989
Orthogonal Contrasts 9 Control E 16.22 NS

5 On-post Treated 17.6

Winter
5 Control W 23.5 NS
9 Control E 18.5 NS
5 On-post Treated 28.75

Mule Deer (No./sq.mi)
NA (NA) 5 RMA-wide 8 Total census; MIKE 1989a

NA Off-post Control' 5 conducted 5 times

Cottontails (No./mi)
T-test (P) 4 RMA-wide 0.52 NS MIKE 1989a

4 Off-post Control 0.49

P = parametric NA = not significant WF = weedy forb
NP = nonparametric N = #of samples CWF = cheatgrass with weedy forbs
p = probability NA = not applicable PCA = principal component analysis
x = mean M2 = square meter

RMA/0794 2/28/94 11:55 am cgh



Table C.5-3 Significance of Statistical Comparisons of Selected Ecological Endpoints Between Control and Contaminated Areas

Species, Statistical Test and (Type N Sample Location x Significance Source

Measurement Endpoint: Density

Jackrabbits (NoJmi)
T-test (P) 4 RMA-wide 0.35 p < 0.02 MKE 1989a

4 Off-post Control 1.23

MKE Pheasants
T-test (P) 20 RMA-wide 552 p < 0.001 MKE 1989a

20 Off-post Control 108

Measurement Endpoint: Nesting Success

American Kestral-
ANOVA (P) Control NA Control vs. RMA: ESE 1989
Kruskal-Wallis (NP) RMA-wide Clutch Size - NS

1982 Hatchlings/nest - NS
1983 Fled fing/Successful Nest - NS
1986 Fl2g"IingIAll nests - p < 0.05

Meadowlark (No./plot)
None for contamination 12 WF RMA 0.6 NA MKE 1989a

PCA for habitat analysis 61 CWFRMA 0..8

6 WF RMA-Sec. 36 1
2 CWF RMA-Sec. 36 1

P = parametric NA = not significant WF = weedy forb

NP = nonparametric N = #of samples CWF = cheatgrass with weedy forbs

p = probability NA = not applicable PCA = principal component analysis

x = mean M2 = square meter

RMA/0794 2/28/94 11:55 am cgh



Table C.5-4 Significant Statistical Comparisons of Tissue Concentrations Between Control and

Contaminated Areas Where Ecological Endpoints, Were Also Measured For Selected

Species* Page 1 of I

Control Onsite Control Contaminated Site I vs.
Species, Chemical-Tissue vs. Contaminated vs. Offshe Control Contaminated Site 2

Earthworms
Arsenic S S

Grasshoppers
Aldrin S

Dieldrin HS S

Endrin S

Arsenic S

Mallards (arsenic data not available)

Dieldrin--eggs VHS

Dieldrin-fledglings S

Mercury-fledglings S

Pheasants
Dieldrin---eggs VHS

Cottontails (DDT-DDE data not
available)

Dieldrin S

Prairie dogs (DDT-DDE data not
available)

Dieldrin" VHS VHS VHS

American kestrel
Dieldrin---egg HS

Dieldrin-fledgling S

Mercury***

Comparisons were made for aldrin, dieldrin, endrin, DDT, DDE, arsenic and mercury; only significant comparisons are listed.
S = significant (0.05 > p > 0.01)
HS = highly significant (0.01 > p > 0.001)
VHS = very highly significant ý06.001 > P)

Summer/winter differences were also significant in control (S) and contaminated areas (VHS)

Significant differences were found between eggs and fledglings irrespective of location (S)

Source: ESE 1989, Appendix B
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Table C.5-5 Small Mammal Trapping Data from Fall 1986 and Spring 1987 on RMA and ESC Values for Trapping Locations Page I of 2

Species
Totals Species Trapping Habitat Aldrin/

Mouse Rat Count Success Type Dieldrin

Vole Harvest Northern Pocket Ord's (percent) ESC in

Deer Grass- Kanga- ppm

Site # Prairie Meadow Plains Western hopper Hispid Silkey roo

1 1 23 24 2 13 wf/g 1.250

2 88 8 96 2 53 wf/g 0.615

3 2 2 1 1 wf/g* 0.053

4 1 1 1 <1 npg 0

5 1 1 1 <1 wf/g* 0.008

6 0 0 0 wf/g 0.02

7 10 10 1 6 wf/9 -

8 3 3 6 2 3 wf/g

9 12 5 17 2 9 np

10 1 1 1 <1 npg 0

11 6 6 1 3 Wf/9* 0.026

12 28 28 1 16 wf/g 0.121

13 7 7 1 4 wf/g 0.105

14 1 1 1 <1 Wf/9* 0

15 0 0 0 wf/g 0.035

16 7 1 1 9 3 5 w 0.019

17 14 14 1 8 wf/g 0

wf/g = weedy forbIgrasscs
wflg* = weedy forbIgrasses/with crested wheatgrass
w = wetland
ut = upland tree
s/s = shrub succulent
npg = native perennial grasslands

RMA-IEA/0153 2/28/94 11:59 am cgh



Table C.5-5 Small Mammal Trapping Data from Fall 1986 and Spring 1987 on RMA and ESC Values for Trapping Locations Page 2 of 2

Species

Mouse Rat Totals Species Trapping Habitat Aldrint
Count Success Type Dieldrin

Vole Harvest Northern Pocket Ord's (percent) ESC in

Deer Grass- Kanga- ppm
Site # Prairie Meadow Plains Western hopper Hispid Silkey roo

18 25 6 2 33 3 18 S/s -

19 4 4 1 2 s/s 0

20 1 1 2 4 3 3 w 0

21 19 41 8 68 3 34 w 0.019

22 5 2 7 2 5 ut 0.027

23 8 4 10 4 1 27 5 14 sts 0

24 2 45 1 40 48 4 24 S/s 0.004

25 6 3 9 2 12 S/s 0.013

26 2 2 3 7 3 4 w 0.018

27 60 60 1 30 wf/9 0.283

28 0 0 s/s 0

29 1 1 1 1 w -

wf/g = weedy forbIgrasses
wf/g* = weedy forb/grassestwith crested wheatgrass
w = wetland
ut = upland tree
s/s = shrub succulent
npg = native perennial grasslands

RMA-IEA/0153 2/2&94 11:59 am cgh



Table C.5-6 Summary of American Kestrel Reproductive Results 1982-921 Page I of I

1982 1983 1986 1988 1990 1991 1992

Nest Attempts RMA 17 24 21 17 21 26 24

Off-site-N 21 14 9 5 9 12 5

Off-site-F 14 8

Clutch Size RMA 4.59 4.75 4.81 5.00 4.56 5.00 4.54

Off-site-N 4.67 4.93 4.78 5.00 4.89 4.91 5.00

Off-site-F 4.71 4.75

Percent of Nests Hatched RMA 65 54 81 59 52 85 58

Off-site-N 70 57 89 60 78 100 80

Off-site-F 58 88

Hatchlings/Nest RMA 3.09 2.85 3.65 3.14 4.18 3.58 3.86

Off-site-N 2.93 3.25 3.25 2.33 3.57 3.92 4.75

Off-site-F 3.29 3.00

Percent of Nests Fledged RMA 38 50 71 70 73 81 58

Off-site-N 60 50 89 too 86 92 60

Off-site-F 38 86

# Fledged Per Successful RMA 2.83 2.67 3.13 4.00 4.00 3.90 3.40

Nest Off-site-N 2.83 3.57 3.12 2.00 3.17 3.90 3.33

Off-site-F 3.40 3.00

# Fledged Per Nest RMA 1.06 1.33 2.24 1.14 1.52 3.31 2.1

Attempt Off-site-N 1.70 1.79 2.78 1.20 2.11 3.58 2.0

Off-site-F 1.31 2.57

Off-site-N Sampling sites within 10 miles of RMA
Off-site-F Sampling sites more than 40 milesfrom RMA

I Prc- 1988 data from ESE 1989 and DeWeese. no date; 1988 and 1990 data from Stollar & Associates, 1992 (RLSA, 1992); 1991 data from USFWS 1992c; 1992 data from

USFWS, no date.

RMA.IF-AIRC SM js 
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Table C.5-7 Kcstrel Reproductive Success Versus Contaminant Concentrations of Dicidrin and DDE lof 2

Dieldrin Dieldrin Dieldtin
Nest Box FM Conc. In ppm Juvenile Conc. I"pm I ESC In ppm Clutch Size Hatchlinip ter Nest Fledgling

hl"Piker 88 88 90 
RR Mr Ned

88 On

RMA - Basin F Area
113 1 ND ND 1.61 ND 1 0.068 1 51 ND 1

114 1.3 ND ND I ND o.0681 51 31 0 3 0 3

116 0.4031 ND 1.81 ND 0.1221 51 ND 1 51 ND 51 ND

RMA - Basin A Area
123 1 ND RUD I ND 1 0.03361 0.1131 ND 1 51 ND 1 51 ND 1 5

RMA - Lower Lakes Area
136 ND I ND I ND 1 0.1061 0.0351 ND 1 41 ND 1 41 ND 1 4

138 ND I ND I ND 1 0.03281 0.0251 51 41 51 41 51 4

RMA - Other Areas
119 (U) 0.084 ND 0.51 ND &M 5 ND 5 ND 5 ND

122 ND ND ND 0.0748 0.14 ND 5 ND 5 ND 5

129 1.7 ND 1.3 0.072 0.097 5 4 4 4 4 4

134 0.788 ND 0.349 ND 0.018 5 ND 2 ND 0 ND

Off-post Control Areas
081 (LA) 0.084 ND ND_ (U) 0.018 NA 5 5 0 5 0 5

082 ND ND ND (U) 0.018 NA ND 5 ND* 4 ND 4

096 (U) 0.0 ND ND ND NA 5 ND -0 ND 0 ND

097 ND ND (U) 0.084 ND NA 5 5 3 4 3 4

097 0.0859 ND (I.A) 0.084 0.0226 NA
100 ND ND ND (U) 0.018 NA ND 5 ND 4 ND 4

102 (U) 0.084 ND ND ND NA ND 5 ND 5 ND 5

,102A ND ND 0.115 0.0175 NA 5 5 4 5 4 5

1103 (U) 0.084 ND (U) 0.084 ND A 41 51 41 01 41 01

ESC = estimated soil concentrations
ND = no data
NA = not applicable

lee-om.1 09-Feb-94 Iff created on 10/05/93



Table C.5-7 (rcl Re roductive Success Versus Contaminant Concentrations of Dieldrin and DDE ite 2of 2
DDE DDE DDE

Nest Box Egg Conc. Juvenile Conc. ESC In ppM_ Clukh Size Hatchlings per Nest lnp per Ned

14.qmber 88 as of 3193 E8 M 272:j 9
RMA - Basin F Area
113 1_ ND ND 0.3221 ND J 0.011 51 ND I

114 (Lt) 0.1 ND ND I ND 1 0.011 51 31 0 3 0 3

116 (U) 0.1 ND ](LA) -0.1 1 ND 1 0.0071 51 ND 1 51 ND 1 51 ND

RMA - Basin A Area
123 1 ND ND ND I (LA) 0.063 1 0.0061 ND 1 51 ND 1 51 ND 1 5

RMA - Lower Lakes Area
136 ND ND I ND 1 0.8111 0.0111 ND 1 41 ND 1 41 ND 1 4

138 ND ND I(IJ) 0.0631 0.0081 .51 41 51 41 51 4

RMA - Other Areas
119 (Lt) 0. 1 ND (U) 0.1 ND 0.043 5 ND 5 ND 5 ND

122 ND ND ND- (U) 0. 0.01 ND 5 ND 5 ND 5

129 0.203 ND o.275 0.0806 0.02 5 4 4 4 4 4

134 d 0.352 ND (LA) 0.1 ND 0.008 5 ND 2 ND 0 ND

Off-post Control Area,%
081 0.232 ND ND _ (LA) 0.063 NA 5 5 0 5 0 5

082 ND ND ND (1A) 0.063 NA ND 5 ND 4 ND 4

096 0.1 ND ND ND NA 5 ND 0 ND 0 ND

097 ND ND o.227 ND NA 5 5 3 4 3 4

097 0.117 ND 0.244 0.768 NA ND ND ND ND ND ND

100 ND ND ND 0.345 NA ND 5 ND 4 ND 4

102 JýAýO. 1 ND ND ND NA ND 5 ND 5 ND 5

102A ND I ND (tA) 0.1 0.184 NA 5 51 4. 5 4 51

1103 U) 0.1 1 ND (LI) 0.1 ND NA 4 51 41 0, 4 01

ESC = estimated soil concentrations
ND = no data
NA = not applicable

' 1)9-Feb-94 Iff created on 10/05/93



Table C.5-8 ESC Values, Number of Young Observed, and Number of Young Branched
from Great Homed Owl Nests Observed in 1991, 1992, and 1993

Page I of I

Number of Young

Nest Number ESC in ppm Observed Branched

1991-1 0.032 3 2

-2 0.071 3 -

-3 0.058 3 2

-4 0.021 3 2

-5 0.035 2 -

-6 0.022 2 2

-7 8.678 3 3

-8 0.037 3 -

1992-1 0.011 2 2

-2 0.033 4 4

-3 0.096 2 0

-4 0.076 3 1

-5 0.055 3 3

-6 0.046 2 2

-7 0.045 3 3

-8 0.071 2 0

-9 0.035 3 3

-10 0.016 2 1

-11 0.033 3 2

1993-1 0.126 1 1

-2 0.005 0 0

-3 0.033 3 3

-4 0.035 2 2

-5 12.183 2 1

-6 0.081 2 2

-7 0.001 2 2

-8 0.024 2 2

-9 0.071 2 2

-10 0.151 3 3

RMA-IEA/0150 02125/94 11:38 am bpw



Table C.5-9 Nesting Success of Buffowing Owls Page I of I

Reproductive Parameters 1990 1991

Nest Attempts 23 33

Percent of Attempted Nests Fledged 87 100

Number Fledged/Nest Attempts 4.54 4.29

RMA.IEA/RC 9/93 
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Table C.5-10 Number of Juvenile Burrowing Owls Associated with ESC Values at their
1990, 1991, 1992, and 1993 Nest Locations* Page I of 1_

Number of Juveniles at Each Nest
Total Juveniles in

ESC in ppm 0 1 2 3 4 5 6 7 8 9 ESC Category

> 0.05 21 1 9 9 IS 17 13 6 4 98

0.05 < < 0.125 12 3 7 4 3 5 4 1 1 40

0.125 < < 0.5 2 1 3

0.5 < < 1.0 1 1

1.0 < < 5.0 1 1 2

5.0 < < 7.0 1 1

7.0 < < 12.0 1

12.0 < < 14.0 1 1 4

Overall Total 150

*ESC based on a radius of 2874 feet

RMA-IEA/0147 02/25/94 11:39 am bpw



Table C.5-11 1990 Juvenile Burrowing Owl Aldrin/Dieldrin Tissue Concentrations
versus Data from Closest Nest Location Page I of I

Juvenile Burrowing Owl Data from Closest Nest Location

Aldrin/Dieldrin Tissue Aldrin/Dieldrin
Sample Tag Number Concentration ESC Value Number of Juveniles

B1367 0.0514 12277 7

B1372** 0.2185 13.078 9

B1385** 0.1085 13.078 9

B1490 0.457 4.786 4

B1491 1.107 0.095 8

RMA-IEA/0148 02/25/94 11:41 am bpw



Table C.5-12 Breeding Bird Densities on RMA and Control Areas from the Biota RI (ESE 1989) Page I of I

Breeding Bird Density Rocky Mountain Arsenal Buckley Air Force Base Plains Conservation
Center

Crested Wheatgms Native Grassland Crested Whealgrass Native Grassland Native Grassland

Western Meadowlark 1.1 1.0 1.9 1.6 1.6

Horned Lark 0.2 0.7 0.4 0.9 0.9

Grasshopper Sparrow 1.1 0.3 1.6 1.0 1.8

Vesper Sparrow 0.1 0.0 0.4 0.6 0.9

RMA.IEAMC W3 ja IEA/RC Appendix C



Table C.5-13 Descriptive Information Associated with Animal Mortality on RMA
Page I of 2_

species Comment

American Robin Right testes discolored.

Meadowlark Could not fly, emaciated, enlarged gut.

American Kestrel Found dead in nest box #134 (sample ID #BU1288)

Red-tailed Hawk Unable to fly, Bldg. I 11. captured and caged; died
within 5 hrs. of capture, see autopsy report; clenched
feet rested forward on breast while in cage. No
apparent gross cause of death.

American Kestrel Alive, unal5le to fly, being dive-bombed by other
birds; taken into custody, died I day later, skull
fractures; may have been incapacitated by something
(not apparent at autopsy) other than sustained fracture.

Swainson's Hawk Found dead after having been observed repeatedly

Ouvenile fledgling) along December 7th Avenue. Probable road kill.
No food in crop/gizzard. No apparent aberrations.

Red-tailed Hawk Found alive; euthanized by Boulder City Birds of
Prey Foundation.

Great Homed Owl Found dead near Bldg. 732.

Badger Found dead near Section 36 decontamination pad,
various tissue samples taken.

Brewer's Blackbird In convulsions near a South Plants warehouse.

Ferruginous Hawk (adult) Found dead in Section 25 NE, small amount of blood
from nasal passages.

Great Homed Owl (adult) Found dead in Section I NW at base of roost tree
with several sticks clutched in talons; eyes gone; no
wounds or obvious signs of ill health.

Ferruginous Hawk (adult) Flew, crashed into a tree and was injured.

American Robin (adult) Signs of neurological damage (unable to fly or control
legs.

Red-tailed Hawk Very small, no obvious wounds; tail and wings
broken, emaciated; taken to Raptor Rehabilitation
Center, died 12 hours later.

Rabbit (cottontail?) Collected in Section 6 near warehouse; alive but
weak, died 2 hours later.

Mourning Dove Found alive but unable to fly, Road C at Bldg. 618.

RMA-IEA/0142 02125/94 11:43 am bpw



Table C.5-13 Descriptive Information Associated with Animal Mortality on RMA
Page 2 of 2

Species Comment

Northern Pike (adult) Collected by USFWS personnel; spinal deformity and
large tumors at base of dorsal fin.

Bull Snake Found dead one-half mile cast of EBASCO base
trailer on railroad tracks on December 7th Avenue;
later analyzed.

Bldg. I 11/112 Dead Bird Patrol Interview with Dale Moore, Bldg. Groundskeeper:
"Past 4 years regularly find dead birds under the trees,
especially the clump north of Bldg. 112 parking lot."

Red-tailed Hawk Found an Ziult at west side of Upper Derby Lake
inlet; unable to fly and panting behavior observed;
died later in the day; autopsy performed in
Broomfield.

Mourning Dove Collected an adult in Section 36; had two tumors, one
next to beak and other on top of head.

Badger Found resting, with shallow breathing, went into
violent convulsions: twisting, jerking, heaving into
air, gasping for breath, teeth gnashing and snarling.
Convulsions subsided, followed by labored breathing
and wide-eyed, glassy stare; animal attempted to
stand, but fell over several times; eventually stood,
but lacked complete balance, and charged observer.

Ring-necked Pheasant Observed flying at full speed into Basin F liquid
holding tank; died from impact, turned in for analysis.

RMA-IEA/0142 02125/94 11:43 am bpw



Figure C.S-1 . Numbers of Observed and Branched Juvenile Great Horned Owls In Individual Nests and Collectively - by ESC Category
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ATTACHMENT C.5-1

SPECIES OBSERVED OR POTENTIALLY PRESENT ON RMA
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Table I Birds Identified on RMA Page I of 12

Season of
Species' Occurrence? Relative Abundance3 Habitat Preferencc4

Podicovedidae

Pied-billed grebe R C LP
Podilymbus podiceps

Eared grebe M U LP
Podiceps nigricollis

Western grebe M U LP
Aechmophorus occidentafis

Pelecanidae

American white pelican S U LP
Pelecanus eryihrorhynchos

Phalacrocoracidae

Double-crested cormorant S U LP
Phalacrocorax auritus

Ardeidae

American bittern S U CT, LP
Botaurus lentiginosus

Great blue heron R U LP
Ardea herodias

Snowy egret M U LP
Egretta thuld

Little blue heron M U LP
Egretta caerulea

Black-crowned night-heron S U CT, LP
N)vficorar nycticorax

Tbreskiornithidae

White-faced ibis M U LP
Plegadis chihi

Anatidae

Canada goose R A LP
Branta canadensis

Green-winged teal S C LP
Anas crecca

RMA-IEA/0070 02/25/94 1:52 pm bpw IEAIRC Appendix C



Table I Birds Identified on RMA Page 2 of 12

Season of
species, Occurrence Relative Abundance Habitat Preference'

Mallard R A LP
Anas plar),rhpwhos

Northern pintail S C LP
Anas acuta

Blue-winged teal S C LP
Anas discors

Cinnamon teal S U LP
Anas cyanoptera

Northern shoveler S C LP
Anas clypeata

Gadwall R A LP
Anas strepera

American wigeon R C LP
Anas americana

Canvasback M U LP

Aphya valisineria

Redhead R C LP
A)vkv americana

Ring-necked duck M C LP
Aythya collaris

Lesser scaup M C LP
Aj4hya affinis

Common goldeneye M U CT, LP

Bucephala clangula

Bufflehead M U LP
Bucephala albeola

Hooded merganser M U LP
Lophodytes cucullatus

Common merganser M U LP
Mergus merganser

Ruddy duck M U LP
Oxyura jamaicensis

RMA-IEA/0070 02/25/94 1:52 pm bpw 1EA/RC Appendix C



Table I Birds Identified on RMA Page 3 of 12

Season of
Speciest Occurrence' Relative Abundance Habitat Preference'

Cathartid

Twicey vulture S U Ubiquitous
Cathartes aura

Accivitridae

Osprey M U LP
Pandion halidetus

Bald eagle w C RW, GL, WF
Raliaeetus leucocephalus

Northern harrier R U GL
Circus cyaneus

Sharp-shinned hawk R U RW, UG
Accipiler striatus

Cooper's hawk R U RW, UG
Accipiter cooperii

Swainson's hawk S C GL, UG, RW
Buteo swainsoni

Red-tailed hawk S U RW, UG
Buteo jamaicensis

Ferruginous hawk R C GL, WF
Buteo regalis

Rough-legged hawk w C GL, WF
Buteo lagopus

Golden eagle w U GL, WF
Aquila chrysaetos

American kestrel S C GL, WF, UG, RW
Falco sparverius

Prairie fiflcon S U GL, WF
Falco mexicanus

Phaseanad

Ring-necked pheasant R A WF, CT, RW
Phasianus colchicus

Rallidae

Virginia rail S U CT
Rallus limicola

RMA-TEA/0070 02/25/94 1:52 pm bpw EEA/RC Appendix C



Table I Birds Identified on RMA Page 4 of 12

Season of

Species' Occurrence 2 Relative Abundance3 Habitat Preference4

Sora S U CT

Porzana carolina

American coot R A LP

Fulica americana

Charadriidae

Killdeer S C LP, GL

Charadrius vociferus

Recurvirostridae

American avocet M C LP

Recurvirostra americana

Scolovacidae

Greater yellowlegs M U LP

Tringa metanoleuca

Lesser yellowlegs M C LP

Tringa flavipes

Herring gull R C LP

Larus argentatus

Columbidae

Rock dove R U AB

Columba livia

Mourning dove R C Ubiquitous

Zenaida macroura

Cuculidae

Yellow-billed cuckoo S U RW

Cocc,3aus americanus

Stripidae

Eastern screech-owl R U RW, UG

Otus asio

Great homed owl R C RW, UG

Bubo virginianus

Burrowing owl S A GL, WF

Athene cunicularia

Long-eared owl R U RW, UG

Asio otus

RMA-IEA/0070 02/25/94 1:52 pm bpw IEA/RC Appendix C



Table I Birds Identified on RMA Page 5 of 12

Season of
Species, Occurrence2 Relative Abundance3 Habitat Preference

Short-eared owl W U GL, UG, ST
Asio flammems

Cayrimulaidae

Common nighthawk S C Ubiquitous
Chordeiles minor

ADMidae

Chimney swift S U AB
Chaefura pelagica

Alcedinidae

Belted kingfisher S U LP
Ceryle alcyon

Picidae

Red-headed woodpecker S U RW, UG
Melanerpes w0hrocephalus

Yellow-bellied sapsucker M U RW, UG
Sphwapicus varius

Downy woodpecker R C RW, UG
Picoides pubescens

Hairy woodpecker W U RW, UG
Picoides villosus

Northam flicker R C RW, UG
Colaptes auratus

Tyrannidae

Western wood-pewee S U RW

Contopus sor&dulus

Willow flycatcher M U RW
Empidonax traillii

Dusky flycatcher M U RW, UG
Empidonar oberholseri

Cordilleran flycatcher S U RW
Empidon= occidentalis

Say's phoebe S U GL, AB

Sayornis saya

RMA-lEA/0070 02/25/94 1:52 prn bpw EEA/RC Appendix C



Table I Birds Identified on RMA Page 6 of 12

Season of
Species' Occurrence Relative Abundance? Habitat Preference

Western kingbird S A GL, UG
Tyrannus verticalis

FAstern kingbird S C GL, UG
7)rannus t,wannus

Alaudi

Homed lark R A GL, WF
&eynophila alpestris

Hirundinidae

Tree swallow M U RW
Tac*ineta bicolor

Violet-green swallow S U RW
Tach)cineta thalassina

Northern rough-winged swallow S U RW, GL
Stelgidopter)a serripennis

Cliff swallow S U RW, LP

Hirundo pprhonota

Bam swallow S C RW, LP, AB

Hirundo rustica

Corvidae

Blue jay R U RW, UG
Cyanocitta cristata

Black-billed magpie R C RW, UG
Pica pica

American crow R U Ubiquitous
Coryus braclorhynchos

Pari

Black-capped chickadee R U RW, UG
PMW africapillus

Sittidae

Red-brewed nuthatch W U RW, UG
Sitta canadensis

White-breasted nuthatch W U RW, UG
Silla carolinensis

Certhiidae

RMA-EEA/0070 02125/94 1:52 pm bpw EEAIRC Appendix C



Table I Birds Identified on RMA Page 7 of 12

Season of
Species' occurrence 2 Relative Abundance' Habitat Preferenct4

Brown creeper W U RW, UG
Certhia americana

Troalodytidae

House wren S C RWUG
Troglo*ej aedon

Marsh wren M U RW, GT
Cistothorus palustris

Muscicavidae

(Sylviinae)

Golden-crowned kinglet W U RW, UG
Regulus satrapa

Ruby-crowned kinglet M U RW, UG
Regulus calenduld

(Turdinae)

Mountain bluebird M U GL, UG
Sialia currucoides

Townsend's solitaire W C RW, UG
Myadestes townsendi

Swainson's thrush M U RW
Catharus ustulata

Hermit thrush M U RW
Catharus guttatus

American robin R C UG, RW
Turdus migratorius

Mimidae

Gray catbird S U RW
dumetella carohnensts

Northern mockingbird R U UG, ST
mimus polyglottos

Brown thrasher S U RW
Taxostoma ruOum

Motacillidae

American pipit W C GL
Anthus rafescens

RMA-IEA/0070 02/25/94 1:52 pm bpw IEAIRC Appendix C



Table I Birds Identified on RMA Page 8 of 12

Season of
Speciesl Occurrence Relative Abundance Habitat Preferenct4

Bombvcillidae

Cedar waxwing W U UG, RW
Bomb)cIlla ce*orum

Laniidae

Northern shrike W U UG, GL
Lanims e=bitor

Loggerhead shrike S U UG, GL
Lanius ludovicianus

Sturnidae

European starling R C AB, RW, UG
Sturnus vulgaris

Vireonidae

Solitary vireo, m U RW, UG
Vireo sofitarius

Warbling vireo S C RW

Vireo gilms

Red-eyed vireo S U RW
Vireo olivaceus

Emberizidae

(Parulinae)

Tennessee warbler m U RW, UG
Vermivora peregrina

Orange-crowned warbler m C RW, UG
Vermtvora celata

Nashville warbler m U RW
Vermivora rufleapilla

Northern parula m U RW
Parula americana

Yellow warbler S C RW, UG

Dendroica pelechia

Chestnut-sided warbler m U RW

Dendroica pensylvanica

Yellow-rumped warbler m C RW, UG
Dendroica coronata

RMA-IEA/0070 02/25/94 1:52 pm bpw 1EA/RC Appendix C



Table I Birds Identified on RMA Page 9 of 12

Season of
Speciesi Occurrence, Relative Abundanci? Habitat Preference4

Blackburnian warbler M U RW

Dendroicafusca

Blackpoll warbler M U RW, UG

Dend,oicajitsca

Black-and-white warbler M U RW

Mniofilta striata

American redstart M U RW

Setophaga ruticilla

Ovenbird M U RW

Sowus aurocapillus

Northern waterthrush M U RW

Seiurus noveboracensis

MacGillivray's warbler M U RW

Oporornis tolmiei

Common yellowthroat S U CT, RW

Geothlypis trichas

Hooded warbler M U RW

Wilsonia citrina

Wilson's warbler M U RW

WiLsonia pusilla

Yellow-breasted chat M U RW

Ideria virens

Rose-breasted grosbeak M U RW, UG

Pheucticus ludovicianus

Black-headed grosbeak S U RW

Pheucticus melanacephalus

Blue grosbeak S U UG, GL

Guiraca caaulea

Lawli bunting S U RW

Passerina amoena

Indigo bunting S C RW

Passe.rina cyanea

Dickcissel M U GL

Spiw americana

RMA-1EA/0070 02/25/94 1:52 prn bpw 1EA/RC Appendix C



Table I Birds Identified on RMA Page 10 of 12_
Season of

Speciesi Occurrence` Relative AbundancO Habitat Preference

Rufta-sided towhee S U RW
Pip& w3ihropkhalmus

Cassin's sparrow m U GL, ST

Aimcphila c= inii

American tree sparrow W A RW, GL, WF
Spimdla arborea

Chipping sparrow S U UG
.5pbdLa passerim

Clay-colored sparrow m U WF

Spke& pallida

Bewer's sparrow m U ST
4pbdla breweri

Vesper sparrow S C GL, ST

Poocceles grmnineus

Lark sparrow S U GL, ST, UG

Chondestes gronmacus

Lark bunting S U GL

Calamospiza mdanocorys

Savannah sparrow m U GL

Passa%vius sandwichensis

Grasshopper sparrow S A GL

Ammodramus savannarum

Fox sparrow m U RW

Pa&wdla ifiaca

Song sparrow R C RW, CT

Melospiza melodid

Lincoln's sparrow m U RW, CT

MeJaspiza fincolnii

White-throated sparrow W U UG, WF

Zbnotrichid albicollis

White-crowned sparrow W C RW, UG, WF

Zonotrichia leucophrys

Harris' sparrow W U UG, WF

Zonotrichid querula

RMA-MA/0070 02/25/94 1:52 pm bpw IEA/RC Appendix C



Table I Birds Identified on RMA Page I I of 12

Season of
Speciesi Occurrence' Relative Abundanci? Habitat Preferenct4

Dark-eyed junco, W A RW, UG, WIF
JWwo hymmus

McCown's longspur M U GL
Cdcarius mccownii

Chestmit-collared longspur M U GL
Calcarius ornatus

(Icterinae)

Bobolink M U GL, CT
Dofichonp oryTivorus

Red-winged blackbird S C CT, RW
AgeJaius phoeniceus

Western meadowlark R A GL
Suffnella neglecto

Yellow-headed blackbird S U CT
Xanthocephalus xanthocephalus

Brewer's blackbird R C RW, UG, WIF
Emphagus cyanocephalus

Common grackle S C RW, UG
Quiscalus quiscula

Brown-headed cowbird S C RW, UG
Molothrus ater

Northern oriole S C RW, UG
Idew galbuld

Frinzillidae

House finch R C RW, UG, AB
Carpodacus mericanus

Pine siskin W C RW, UG
Carduelis pinus

Lesser goldfinch S C UG, WF
Carduelis psaltria

American goldfinch S U UG, WF
Carduefis trislis

RMA-MA/0070 02/25/94 1:52 pm bpw IEA/RC Appendix C



Table I Birds Identified on RMA Page 12 of 12_
Season of

Species' OCCUrrenCe2 Relative Abundance' Habitat Preference'

Passeridae

House sparrow R C AB, UG
Passer domesticus

I Nomenclature follows AOU (1983, and supplements)

2 R Resident
M Migrant
W Winter
S Summer

3 A Abundant, regularly present in large numbers
C Common, regularly present in moderate numbers
U Unconnunon, regularly present in small numbers, or irregularly present

4 RW Riparian woodland
UG Upland groves or ornamentals
LP Lakes and ponds
CT Cattails or wet meadows
GL Grasslands
WF Weedy forbs
ST Shrublands or thickets
YU Yucca
AB Abandoned buildings

RMA-IEA/0070 02/25/94 1:52 pm bpw 1EA/RC Appendix C



Table 2 Mammals Observed or Potentially Present on RMA Page I of 4

Species' Status? Abundance' Habita,4

Soricidae

Masked shrew ptl
Sorex cinereus

Least shrew ptl
Cryptotis parva

Vesvertilionidae

Small-footed myotis Ptl
myolis leiba

Silver-haired bat ptl
Lasiorr)veris noctivagans

Big brown bat ptl
Eptesicus fuscus

.Hoary bat ptl
Lasiurus cinereus

Levoridae

Eastern cottontail obs C RW, WF
S)dvilagus floridanus

Desert cottontail obs, A GL, YU, ST
Sylvilagus auduboni

Black-tailed jackrabbit obs C CIL, YU, ST
Lepus californicus

White-tailed jackrabbit obs U GL
Lepus townsendi

Sciuridae

'Ibirteen-lined ground squirrel obs, U GL, WF
Spermophilus tridecemlineatus

Spotted ground squirrel obs U GL
Spermophilus spilasoma

Black-tailed prairie dog obs A GL, WF
Cynomys ludovicianus

Fox squirrel obs; C RW
Sciurus niger

Geomvidae

RMA-IEA/0070 02/25/94 1:52 pm bpw EEA/RC Appendix C



Table 2 Mammals Observed or Potentially Present on RMA Page 2 of 4_

Species' statue Abundance' Habitae

Northern pocket gopher ptl
Thomomys talpoides

Plains pocket gopher obs A GL, ST, WF
Geomys bursarius

Heterainvidae

Silky pocket mouse obs U ST, GL
Perognathus flam

Olive-backed pocket mouse ptl
Perognathus fasciatus

ffispid pocket mouse obs U ST, GL
Perognathus hispidus

Plains pocket mouse pti
Perognathus flavescens

Ord kangaroo rat obs C YU
Dipodom,W ordii

Criceti

Plains harvest mouse obs C WF, GL
Reithrodontomys monlanus

Western harvest mouse obs C ST
Refthrodontomys megalotis

Deer mouse obs A Ubiquitous
Peromyscus maniculatus

Northern grasshopper mouse obs C GL
0n)vhomj4 leucogaster

Meadow vole obs C CT, RW, GL
Microlus pennsylvanicus

Prairie vole obs C GL, RW, CT
Microtus ochrogaster

Muskrat obs C LP
Ondafra zibethica

Zapodidae

Meadow jumping mouse pti
Zapus hudsonius

Erethzontidae

RMA-IEA/0070 02/25/94 1:52 pm bpw EEA/RC Appendix C



Table 2 Mammals Observed or Potentially Present on RMA Page 3 of 4_

species, statue Abundance3 Habitat4

Porcupine ptl
Fjwhizon dorsatum

Castoridae

Beaver ptl
Castor canadensis

Muridae

Norway rat ptl
Rama norvegicus

House mouse ptl
Mus musculus

Cani

Coyote obs C Ubiquitous

Canis larrans

Red fox obs U Ubiquitous

Vidpes fulva

Swift fox U

Vulpes velax (ESE 1989)

Gray fox U
Vrocyon cinereoargenteus

(tracks)

Procyonidae

Raccoon obs U RW, CT

Procyon lotor

Mustelidae

Short-tailed weasel ptl
Mustela erminea

Long-tailed weasel ptl

Mustelaftenata

Mink ptl

Musteld vison

Badger obs C GL

T=idea taxw

Striped skunk obs U Ubiquitous

Mephitis mephitis

Cervidae

RMA.IEA/0070 02/25/94 1:52 pin bpw EEA/RC Appendix C



Table 2 Mammals Observed or Potentially Present on RMA Page 4 of 4

Species' StatuS2 Abundance Habitat4

Mule deer obs A WR, RW, UG, ST
Odocodeus hernionus

White-tailed deer obs C RW, ST
0docoileus virginianus

Antilocapridae

Pronghorn ptl
Antilocapra wnericana

Nomenclature follows Armstrong (1972)

2 obs Observed on the RMA
ptl Potentially present on the RMA (Armstrong 1972)

3 A Abundant, regularly present in large numbers
C Common, regularly present in moderate numbers
U Uncommon, regularly present in small numbers, or irregularly present

4 RW Riparian woodland
LP Lakes and ponds
UG Upland groves or ornamentals
CT Cattails or wet meadows
GL Grasslands
WIF Weedy forbs
.ST Shrublands; or thickets
YU Yucca
AB Abandoned buildings

RMA-IEA/0070 02/25194 1:52 pm bpw IEA/RC Appendix C



Table 3 Fish Species Identified from the Study Area Lakes, 1987 ý') Page I of 2

Species Lower Deity Ladora Mary McKay(b)

Salmonidae

Rainbow trout X
Salmo gairdneri

CVDrinidae

Fathead minnow X
Pimephales promelas

Blunmose minnow X
A notatus

Common carp X X X X
Cyprinus carpio

Catostomidae

White sucker X
Catostomus commersoni

Ictaluridae

Black bullhead X X X

Ictalurus melas

Channel catfish X X
L punclatus

Centrarchidae

Bluegill X X X X
Lepomis macrochirus

Green sunfish X X
L. cyanellus

Pumpkinseed X X
L. gibbosus

Black crappie X X
Pomoxis nigromaculatus

White crappie X

A annula.ris

Largemouth bass X X X X
Micropterus salmoides

Percidae

Yellow perch X X

Perca flavescens

RMA-lEA10070 02/25/94 1:52 pm bpw 1EA/RC Appendix C



Table 3 Fish Species Identified from the Study Area Lakes, 1987 Page 2 of 2

Species Lower Derby Ladora Mary McKay(b)

Esocidae

Northern pike X X
Esox lucius

Note:

(a) Samples were obtained by electrofishing
(b) off-post reference lake, Adams County, Colorado

RMA-IEA/0070 02/25/94 1:52 prn bpw IEA/RC Appendix C



Table 4 Reptiles and Amphibians Observed or Potentially Present on RMA Page I of 3

Speciesi statue Abundance' Habitat4

Snakes

Colubrid

Plains garter snake obs U Ubiquitous

Thamnophis radix

Common garter snake obs U Moist areas

77jamnophis sirtalis

Western terrestrial garter snake obs U Moist areas

Thamnophis elegans

Lined snake ptl
Tropidoclonion lineatum

Northern water snake ptl
Nerodia sipedon

Western hognose snake obs U Sandy areas

Heterodon nasicus

Milk snake ptl
Lampropelfis triangulum

Buftake obs C Ubiquitous

Pituophis melanoleucus

Smooth green snake ptl
Opheo&)a vernalis

Racer obs U Ubiquitous

Coluber constrictor

Coachwhip ptl
Masticophis flagellum

Viveridae

Western rattlesnake obs U Uplands

Crotalus viridis

Lizards

Scincidae

Many-lined skink. obs U Wooded areas

Eumeces multivirgatus

Teiidae

Six-lined racerunner ptl
Chemidophorus serlineatus

RMA-W-VO070 02/25/94 1:52 prn bpw lEA/RC Appendix C



Table 4 Reptiles and Amphibians Observed or Potentially Present on RMA Page 2 of 3

Speciesl status, Abundance' Habitat4

Imianidae

Eastern fence lizard ptl
Sceloporus undulatus

Sbort-horned lizard obs U Sandy areas
Pkynosoma douglassi

Law earless lizard ohs U Sandy areas
Holbrookid maculata

FROGS

Hyli

Northern chorus frog obs A Wet areas
Pwudwris triseriata

Ranidae

Bullfrog obs; C Lakes and ponds
Raw catesbeiana

Northern leopard frog obs C Wet areas
Rana pipiens

Toads

Pelobatidae

Plains spadefoot obs U Wet areas
Spea bombiftons

Bufonidae

Woodhouse's toad obs C Wet areas
Bufo woodhousei

Greg Plains toad obs U Wet areas
Bufo cognalus

Salamanders

Ambystomatidae

Tiger salamander obs U Lakes and ponds
Ambystoma tigrinum

Turtles

Trionychidae

Spiny softshell ptl
Trionyx spiniferus

RMA-EEA/0070 02/25/94 1:52 pm bpw IEA/RC Appendix C



Table 4 Reptiles and Amphibians Observed or Potentially Present on RMA Page 3 of 3

Species' statue Abundance' Habitat4

Chelydridae

Common snapping turtle ptl
Che4*a serpentina

Emydidae

Western box turtle ptl
reFrapene ornata

Painted turtle ptl
Chroemys picla

I Nomenclature follows Smith (1978), and Smith and Brodie (1982)

2 obs Observed on the RMA
ptl Potentially present on the RMA (Hammerson 1986)

3 A Abundant, regularly present in large numbers
C Common, regularly present in moderate numbers
U Uncommon, regularly present in small numbers, or irregularly present

RMA-IEA/0070 02/25/94 1:52 pm bpw IEA/RC Appcndix C



ATTACHNIENT C.5-2

CONTAMINANT LEVELS DETECTED IN INTENTIONAL SAMPLES, ON-POST
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Table 4.3-1. Contaminant Level* In Torrestrial, Ecosyntome Temstrial program Sasples (Page I of 2).

Species Tisaw Uxation Contaminant U-ml In erts per million N vat welitt basis)(Renee/msro)
(Section) Arsenic Wnt) Mercury (n/ntl- Aldrin Wnt) Dieldrin (nint) Endrin ("Int) p.p-OW. (nInt) P.P-WT ("Inty

TERREVRI& PLANIS
Homing Whole Plant *?A. (26. 36) <0.2W5.35 (1/5) NDL (5) Im (5) 0^6-0.084 (2/5) WL (5) "N) WIQGlory Whole Plant NMA Control (20) SIL (1) am (1) SIL (1) BIL (1) BEL (1)

Sunflower Flowers 11MA. Basin A WL (6) WL (6) WL (6) WL (6) WL (6) WQFla,jers RM4 C4)ntrol (19) BIL (1) BIL (1) BIL (1) BIL (1) UL (1) MQ NqI.eaves
*1k Basin A 0.25".51 (4/5) WL (5) SUL (5) ML (5) SUL (5) W4 W41.37
IM Basin C IBM (1) WL (1) ML (1) MAW (1) O.In (1) Nq Nqlanves Im (19) SUL (1) SIL (1) SIL (1) UL (1) am (1) 140 Nq

INAOMRAM
Earthworms Whole 11MA, South Plants WL (1) 0.05042.35 (1/2) WL (1) 1.930) K)L (1) Im (1) WL (1)Whole control (5) 0.618-1.53 (8/8) <0-05".A5 (2/8) ML (7) 0.06".3D (1/7) 4M.OW-0.914 (1/7) NDL (a) IDL (8)

1.03
Whole Offpost Control ML (2) WL (2) MI. (1) WL (1) SOL (1) WL (1) WL (1)

Grasshoppers Whole 11MA Section 26 IBM (4) WL (4) 0-M6-5-8 (4A) OA%-7.2 (4A) 49.064-1.65 OA) WL (4) EL (4)
1.59 2.33 0.528

11MA Section 36 0.905-6.60 (4A) <0.050-0.108 (2/4) ML (4) 0.271-OA46 %A) NDL (4) WL (4) WL (4)
3.17 0.058 0.391

RMA Control (7, 8) ML (3) ML (3) WL (3) WL (3) WL 0) RL (3) WL (3)
Offpost Control SM (2) SM (2) SM (2) BIL (2) BIL (2) BIL (2) BIL (2)

VEKMRAM
Mallard kamdle Carcass NQ <0.050-0.066 (2/3) SUL (3) <0.031-0.522 (2/3) IDL (3) <0.0%-0.507 (1/3) WL (3)

0.051 0.201
Adult Carcass WIQ am (a) WL (8) 0.031-4.53 (3/8) WL (6) ML-0.360 (4/8) ML (8)

0.2.19
Juvenile Carcass Offpost Control WQ NFL (6) BIL (6) BIL (6) am (6) SUL (6) KL (6)
Adult Carcass Offpost Control MR <0.050-0.061 (1/8) IBM (8) WL (S) WL (8) <0.0%-1.02 (2/8) KL (8)

Epp Im (1) NQ 0.173-0.185 (2/2) SUL (2) 3.0-4.89 (2/2) SIL (2) 0.60rr-0.919 (2/2) BIL (2)
0.179 3.% 0.767.

FOR Offpost Control NRQ <0.05G-0.186 (5/10) Sm (10) BIL (10) am (10) <0.094-1.35 (6/10) KL (2)
0.068 0.3D2

Ring-necked Juvenile Carcass VIMA <0.250-1.82 (3/11) M (11) WL (12) <0.031-1.33 (5/12) NDL (12) INDL (11) WL (11)
pheasant Adult Carcass WR SUL (4) BM (4) SUL (4) <D.031-2.92 (3/4) BEL (4) BM (3) SM (3)

0.767
Juvenile Carcass Offpost Control <0.251)-i.40 (2/11) SM (11) SM (14) 0.031-18.6 (1/14) ML (14) <0.094-I..% (1/12) WL (12)
Adult Carcass Of fpost Control BIL (2) SM (2) SUL (3) BtL (3) SUL (3) SM (2) SIL (2)

Epp 11MA ML (10) WL (11) ML (11) <0.031-5.38 (9/11) <DAO-0.143 (1/11) SIX (10) ML (10)
1.12

Muscle" FM <0.25".07 (2/20) BIL (20) NIL (20) <0.01".063 (2/M) BIL (20) SIX (20) BIL (20)
Offpost Control BEL (2) ML (2) SOL (2) WL (2) HDL (2) WL (2) ML (2)



Table 4.1-1. Gmtsokinant levels In Terrestrial Fecoystens - Terrestrial ProprOM " tee (C to o P 2 of 2),

Species Tisswe Location Contaminent level In V!rts per million CwjA-w met %eight basi9)(R-MF"/MeMM*)(Section) Arsenic Otht) Mercury (n/nt) Aldrin (alat) Dieldrin (nint) Ddrin (nint) p,p-VM (Wnt) p,V-W (Wn7t

Ring. Liver** l0a 9M (6) 42-018-2-3 (4/6) 11MA-091 (1/6) IMrOA4 (1/6) 11Mpheasant 0.655
OffPcot Control INQ am (2) MIL (2) SM (2) ML (2) SM

Egg Oupost control IDL (10) 11M (11) 11M (11) ML (11) ML (11) ML (10) WL (10)

American Juvenile Comas* IM MQ ML (10) 49.031-1.01 (6/10) UL (10) MOW0.219 (1/10) ML (10)
Kestrel 0.316

Juvenile Careen Oftpost control NQ NIX M BM (a) MIL (a) IM (a) 0-09"M3 (1/8) am M

En IM NQ (0.05"AOS ON) ML (33) <0.031-3.63 (17/11) ML (33) (1/29) ML (29)
)0.512

Off1post Control 14PQ <0.05".057 (1/11) sm (11) ML (11) EL (10' 0-094-1-04 (2/11) EM (11)

Prialrie Dog CA MR (36) Suinaw 0.25"Al (2/9) ML (9) ML (9) 0.233-13A (9/9) OL (9) NIQ 100
2.03

camses 10% (36) Winter BM (5) SM (5) MIL (5) L 119-6. 18 (5/3) EL (5) MQ MQ
1.44

Carcass OR, M <0.2504.22 (1/5) ML (5) SM (5) 0.064-0.155 (5/3) ML (5) NM W4
0.114

Carcass control &mser (19, 20) OL (9) UL (9) UL (9) 0-03".31A (2/9) ML (9)
Carcass IM Control Winter (20) ML (5) am (5) UL (5) <0.031-0.096 M ) IM (5)
Carcass Offp08t C4MtTOI &MMer 8M (9) SM (9) BM (a) ML (a) ML (a) WQ NMKidneys WA. (36) Winter BM (5) <0.10-0.356 (3/3) ML (5) 4M.3WI.54 (2/5) (5) MQ W4

0.178

Cottontail Muscle lea, (36) ML (7) MM (7) M. (7) 0-031-0-092 M ) RL (7) MQ NNQ
Miscle M Control (19, 2D) KIL (7) am (7) sm (7) am (7) am (7) MQ NQ
l4uscle Offpost Control BM (7) ML (7) ML (7) ML (7) IM (7) MQ No

1461e Deer Liver 10% BIL (14) BM (14) SM (14) <0.031-0.187 (1/14) 9M (14) MR NM
Liver OftPost chntlei WX (2) KIL (2) ML (2) ML (2) ML (2) NQ MRQ
Riscle *R SUL (14) SM (14) SM (14) BM (14) ML M MQ MQ
%jacle Offpost Control ML (2) ML (2) ML (2) ML (2) ML (2) *4 W4

Neon 10 calculated when 50 percent or owe of ample@ how detectable contaminant levels. If less than 50 percent of sesples hme detectable eanteminent levels, only the z - we of
values are presentrd. When calculating the oem. values of I the detection limit are abstituted for samples that we below detection Malt.

SM Below Dotectim Limit.

n - Affober of samples anslyzed that contain detectable contaminant levels. fit a total mober of " tea.
Not Requested.

MM Simple

For highly mabile species (millard, phesawn . keetrel. mole deer) "lee were widespreed ad 10% we evaluated as a whole entity.
Source: ESE. 1988



Table 4.3--, Jantmoinmnt Levels In TaTeftTial EmSYStaft Miscellaneous Somples- Somples jumce &a Uffig SWI&M"l gm*h@. 06/12/av

species TISAW location ftntamilnent Level In jerts yer million
(Section) Arsenic (n/nt) Mercu ft Net weight bools)(Rontalkeemm)

ry ("/nt) Aldrin (n/nt) Dieldrin (n/nt) Odrin (n1nt) p.p-OM (nf4) p,p-mDT rW-P.-,t7

Blue-Virsol Over RL (3) 0.371-J." (3/3) SM (3) 0. 18".281 (V31 RL (3) 11M (3) Ift (3)test Upper Deft 1.07 0.239
Muscle im WIL (3) 0.259-0.559 (3/3) Sm (3) 0.09D-0.164 (3/3) 111L (3) WL (3) NIL (3)

Upper Deft 0.391 0.127

Redhadd Liver 11% ML (5) O-OW-0-368 (5/5) <0.03D-0.088 (1/5) 0JR-0.747 (3/5) <0.064-0.074(1/5) <0.0%-O.156(1/5) WE. (3)
Upper Deft 0.211 OAS

Muscle IM ML (5) <9.050-40.073 (2/5) WL (5) 0.117-0.320 W ) VOL (5) ML (5) ME. (5)Upper Deft 0.203

American Coat Liver *% SOL (9) OADD-1.77 (9/9) ML (9) 0-136-0.6" (819) WL (9) WL (9) RX (9)Upper Beirby 1.08 0.291
Muscle 0% WL (9) (0.050-0.339 (8/9) SOL (9) 4).062-1.77 (8/9) SOL (9) 49AW0.313 (2/9) WL (9)

Upper " 0.179 0.53

Mourning Dave CKWOO IM (35) im (2) WL (2) <0.633-1.83 (2/2) 5.5?-56.3 (212) <DjW-3A4 (112) KIL (2) EL (2)
1.23 30.9 2.0

Liver am (1) am (1) BIL (1) 7.37 (1) 3.74 (1) BIL (1) NIL (1)

Bald Figle Fa Barr LdW NIL 0.0" WL (1) 0.808 (1) SOL (1) 6." (1) SOL (1)

Golden Vagle Liver ML (1) <0.050-0.216 (1/2) SOL (2) <0.031-0.221 (112) SOL (2) WL (2) SOL (2)
0.120 0.116

grain WL (2) <.099-.257 (2) SOL (2) SOL (2) SOL (2) VOL (2) VOL (2)

Ferrugi Liver BEL (5) (0.050-0.293 (1/5) BM (5) 0.263-4.79 (5/0 WL (3) EL (5) Sm (5)
Nob& 2.66

Brain 110% BM (5) 0.05". 152 (1/5) RL (5) <0.238-9.98 (4/5) BEL (5) EL (3) am (5)
5.01

Pad-toiled Liver Im WL (3) <0.050-0.345 (1/3) SM (3) 0.520-6." (3/3) WL (3) <L313-0.799 (2/3) sm (3)
H&* 4.10 OA82

grain ML (3) 0.05".093 (1/3) SM (3) <0.731-9A4 (2/3) 011L (3) UL (3) WL (3)
6.34

Crent-horned Liver PHR BEL (4) <O.OWe.096 (2/4) OL (4) 0.143-27.7 OA) KL (4) <0.0%-15.5 (3/4) WL (4)
CIVI 0.047 11.88 5.08

Brain WR BM (4) BM (4) Sm (4) OA) OL (4) <0.529-10.3 (3/4) 5M (4)
8.110 3.32

Northern Egg PMk KL (2) RM (2) am (2) 0.303-0.676 (2) BEL (2) EL (2) SM (2)Harrier OA9

C070te Liver NO (25) am (1) am (1) am (1) 7.600) sm (1) WL (1) am (1)

Badger Liver *R (25) WL (1) Wt. (1) EL (1) 1.64 (1) VOL (1) WO NQ
Kidneys IM (25) WQ no BEL (1) 0.801 (1) EL (1) No MQ

Hem is calmlated uken 50 percent or mom of movies have detectable contaninent levels. If less than 50 percent of aampte@ ham detectable contaminant levels, only the - qte of
values are presented. When calculating the mom. values of 4 the detection limit am substituted for samples that we below detection limit.

BEL Below Detection Limit.
a - Number of samples analyzed thet contain detectable contaminant level@, nt - total unbe of movies.

flat Requested.
For highly wzbile species (mmlbW. Il 1 -01. able doer) aamplao imen vi -P p =A ad 00 %we ml I me a thole entity.

nure** ESE. 19M



4/12/89

Table 4.3-3. Certified Reporting Limits for Biota Analysis Methods

USATHAMA Certified Reporting Limit
Method Code Matrix Type Analyte (US/g)

B-6 Animals and Plants Arsenic 0.250

C-6 Animals and Plants Mercury 0.050

D-6 Plants Aldrin 0.022
Dieldrin 0.044
Endrin 0.040

E-6A Animals Aldrin 0.020
Xeldrin 0.031
Endrin 0.040

F-6A Animals p,p'-DDE 0.094
p,p*-DDT 0.289

Source: ESE, 1988a.
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Table 4.3-4. Contaminant Levels in Slaelt-Tailed ftairie Dogs Collected by W-

Tisstw. Location Ckntsminent Level in p!rts M million wet velslý beels)(Roweteismok)
(section) Arsenic Wnt) Mercury Wnt) Aldrin (n/nt) Dieldrin (oht) adrin Woo P.P-um (n/nt) -P-.W-W-7n7;1t

Kiscle and Viscera IM (26) BM (2) SM. (2) ML (2) 0.33-0-66 (2/2) UL (2) ML (2) UL (2)
OA"

in (36) SM (4) 5M (4) BIL (4) 0.150-0.MD ML (4) 1111L (4) RL (4)
0.315

IM 00 BM (4) BM (4) BIL (4) 0.021-0.096 (4/4) ML (4) IM (4) ML (4)
0.045

IM (27) IM (2) BM (2) ML (2) 0.027-0.040 (2/2) am 2) 11111. (2) KL (2)
0.014

IM (9) SM (4) 8M (4) RL (4) ML (4) IBM (4) ML (4) SM (4)

SudkieT ML (4) WL (4) ML (4) WL (4) WL (4) WL (4) WL (4)

Hem is calailsted Am 50 percent or awe of samples hove detectable contiminent levels. If less than 50 pe.ccn of samples have detectable contmadmant Levels, only the unpe of
valuep are presmted. When calaslating the rem, values of I the detection limit are skstituted for saimples that are below detection limit.

BM Below Detection Limit.
n - Muber of samples analyzed that contain detectable contaminant levels. nt u total number of emotes.

Sclerce: MT. 1988.
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Table 4.3-5. Contaminant Le%els In Aquatic [cosystems (page I of 2). 4/12/09

Contaminant Level in Parts Per million (mg/kg wet weight basis) (Range/mean*)
SPECKS Tissue Location Arsenic (nlnt) Mercury (n/nt) Aldrin (nfnt) DielFin- ZnInt) Endrin (nfnt) DDE Wnt)

AOUATIC PLANTS AND PLANkTON

Plankton Composs I te RIIA LaLe Mary. 1986 (0.250-0.432 BDL (3) SOL (3) SOL (3) SOL (3) SOL (3) BDL (3)(1/3)
Composite RMA take Ladora.111196 BDL (3) BDL (3) SOL (3) BDL (3) SOL (3) BDL (3) SOL (3)Composite RIM Lower Derby 1986 OR (3) BDL (3) BDL (3) BOL (3) SOL (3) SOL (3) SOL (3)Composite RMA North Bog. i986 BDL (3) ODL (3) SIX (3) got (3) SOL (3) BDL (3) SOL (3)

Aquatic
Macrophytes Whole RMA Lake Mary. 1986 0.465-0.702 BDL (2) OK (2) BDL (2) ODL (2) SOL (2) SOL (2)(2/2)

Whole RNA Lalke Ladora. 11186 ODL (2) BDL (2) SIX (2) BDL (2) 9DL (2) BDL (2) SOL (2)
Whole RNA Lower Derby. 1906 BDL (2) BDL (2) SOL (2) SOL (2) OK (2) SOL (2) BDL (2)

FISH

Largemouth Bass Fillet Offpost Control 1980 BDL (5) 0.111-0.236 Six (S) SOL (5) SOL M BDL (5) SOL (5)0.152 (5/5)
Remainder Offpost Control 1988 SIX (5) 0.056-0.120 BDL (5) BDL (5) BDL (5) BDL M SOL (5)0.084 (5/5)

Cowpos. Whole Offpost Control 1"8 ODL (1) 0.084 (1) BDL (1) SOL (1) OK (1) SOL (1) SK (1)
Nhole(Reconst.)Offpost Control 1968 ODL (S) 0.006-0.157 SOL (5) SOL (5) SOL M SOL M SOL M

0.375 (5/5)

Largemouth Bass Fillet IMA Lower Derby 19188 ODL (5) 0.176-O.SSO (0-020-0-044 (0.031-0.370 ODL (S) (0.0114-0.684 SOL (5)0.369 (5/5) (1/5) 0.212 (4/5) 0.319 (4/S)Remainder RNA Lower Derby 1988 ODL (5) 0. 1 WO. 119 (0.020-0.053 0.100-0.960 IDL M 0.101-0.039 SOL (5)
0.250 (5/5) 0.031 (4/5) 0.486 (5/5) 0.593 (S/S)Compos. Whole RNA Lower Derby 1998 got (1) O."S ( 1) BDL (1) ODL (1) SOL (1) SOL (1) BDL (1)

Whole(Reconýt.)RMA Lower Derby 1988 ODL (S) 0.103-0.394 BDL (S) 0.067-0-644 BDL (5) SOL (5) SOL (5)
0.294 (5/5) 0.375 (5/S)

Largemouth Bass Who le RNA take I'lairy. 1986 SOL (3) (0.050-0.101 SOL (3) (0.031-0.115 SOL (3) IDL (3) BK (3)
0.066 (2/3) (1/3)Fillet RNA take "wy. 1966 BDL (2) <0.050-0.101 SOL (2) BDL (2) SOL (2) BDL (2) BDL (2)
(112)

Whole RMA Lake Ladora.1996 BDL (3) 0.084-0.23S SOL (3) (0.031-0.034 SOL (3) BOL (3) SOL (3)
0.182 (3/3) 0.027 (2/3)

Largemouth Bass Whole RNA Lower Derby. 19" SOL (3) <0.050-0.063 BDL (3) <0.031-0.112 SOL (3) SOL (3) SOL (3)
(1/3) 0.072 (2/3)



Table 4.3-5. Contaminant Levels on Aquatic Ecosystems (page 2 of 2).

Contaminant Level in parts per ml I I Ion (mgA-9 wet weight basis) (Range/meenot)
SprCIES Tissue Location Arsenic Wnt) nercury (n/nt) Alfirin (nint)- ldrin (n/nt) Endrin-(n/nt) DDE (nfnl =n

Bluegill nilet RNA Lake Mary. 1986 ODL (3) <0.050-0."g SOL (3) (0.031-0.041 BDIL (3) SOL (3) ODL (3)(1.074 (2/3) (1/3)Wale RNA Lake Mary. 1986 SOL (6) 0.050-0.137 81111. (6) (0.031-0.ISS
0.061 (3/6) 0.085 (5/6) SOL (6) SOL (6) SDI. (6)Bluegill Whole RNA Lower Derby. 1988 90L (6) (0.050-11.091 ODL (6) (0.031-0.129 SOL (6) SOL (6) SOL (6)0.056 (3/6) 0.074 (4/6)Whole RNA Lower Derby. 1906 SOL (3) SOL (3) BDL (3) 0.142-0.161 SOL (3) ODL (3) Oft (3)

149 (3/3) 1Oluegoll Whole RNA Lake Laders.1906 SOL (3) 0.059-0-124 SOL (3) :106S-0.153 DOL (3) DOL (3) SOL (3)0.084 (3/3) 0.100 (3/3)
aluegill rillet Offpo,.t Control. 1988 SOL (S) 0.081-0.256 SOL (5) BDL (S) SOL (5) BDL Its) SOL (5)0.188 (5/5)Rema i nder Offpost Control. 1980 BDL (5) (O.M-0.171 BOL (5) SOL (5) BOL (S) SIX (5) eDL (5)0.104 (4/S)Compos.(Ulwle) Offloost, Control.1980 SOL (2) ODL (2) BDL (2) SOL (2) BOL (2) WL '(2) SIX (2)

Whole(Reconst.)OI(post Control. 1980 SOL (5) 0.088-0.178 BOL (5) BOL (5) BOL (S) ODL (S) SOL (S)0.141 (5/5)

Northern Pile rollet RNA Lower Derby. 1986 SOL (3) 0.278-0.470 SOL (3) eft (3) SIX (3) BDIL (3) SIX (3)0.405 (3/3)riiiet RNA Lake Ladora,1986 DIX (2) 0.289-0.366 SOL (2) (0-031-0.044 DOL (2) BDI. (2) SIX (2)(212) (112)

rathead Minnows Composite RNA North Bog. 1996 ODL (1) am ( 1) BDIL (1) SOL (1) SOL (1) SDI. (1) SIX (1)
Slact. bullhead Ilhole RNA Lower Derby. 191116 SIX (3) <0.050-0.OS2 SOL (3) 0.085-0.209 BIX (3) <0.094-0.090 ODL (3)(1/3) 0.144 (3/3) (1/1)

d Mean is calculated %.+.en 50 percent or more or samples (n ) 2) have detectable contaminant levels. If less than 50 percen f samples have detectablecontaminant levels. only the range of values are presented. When calculating the mean. valuer. of 112 the detection limit or: substituted for 'ODL'.
bDL - Below Detection Limit (Below Certified Reporting Limit).

n - Number of samples analyzed that contain detectable contaminants. at - total number of samples.
Compos. (Whole) - A number or small fish in a composite sample.

wt-ooe (Reconst.) - A sample ccapresed of a portion of the fillet and remainder samples reconstituted into a 'whole' sample.
Source: ME. 1968 and ESE. 1999.



7We 5.1-3 Aldrin Statistical Results for TWestrial Species Suppled for Cle, 1988 W 1990* P169 I Of 8

Vokmean Mcdm= USFWS USFWS USFWS

Total # Toad# Demoted Demand 0ocuouk Osooseldo Oaccooldc

of Nis of Samples Cow ftV Cmc 4" Mand" Vidianor" SW Dw"

ACU-pudona
00-BSA 1 0 16 BCRL SM NA NA NA

2 0 is BCRL SM MA NA NA

3 0 10 am SM NA NA NA

4 0 10 SM am NA NA NA

5 0 to SM am KA NA NA

I 1 0 3 BCRL DCM NA NA NA

12 0 2 BCRL SM NA NA MA

All RMA CMIP-ASA5 0 66 BCRL SM NA NA NA

Central 0 12 BCRL am NA NA NA

AQM - gddm @a& OMTUMM
Muscle, 0 1 DM BCRL NA KA NA

Of RMA 0 1 BCRL BCRL NA NA NA

Uver 0 2 BCRL DM NA MA NA

OfrRMA 0 1 BCRL BM NA NA NA

Brain 0 1 BCRL BCRL MA NA NA

Off RMA 0 1 BCRL BCRL NA NA NA

An Sampla 0 3 SM BCRL NA NA NA

OfIRMA

A= - b=WwJsIg OV4
CMP-BSA 2 0 1 BCRL BM NA NA NA

3 0 1 BCRL BCRL NA MA NA

12 0 1 BCRL BCRL KA NA NA

RMANEAR 0 4 BCRL BCRL NA NA NA

AS RMA CMP-BSAz 0 7 BCRL BCRL NA NA NA

CUP-BSA 1 0 12 BCRL BM NA NA NA

2 1 13 &0754 0.0754 NC NC NC

3 0 10 BCRL BCRL NA NA NA

4 0 7 BCRL BCRL NA NA NA

5 0 13 BCRL BM MA NA NA

I 1 0 6 BCRL BM MA NA NA

12 1 4 olu 01% NC NC NC

AD RMA CMIP-BSAI 2 65 0.0754 01% NC NC NC

Cmud 0 16 BCRL BCRL NA NA NA

XM-=d4dWbzWkOMTE)rMUS)

CUP-BSA 5 0 1 BCRL BCRL NA NA NA

13 0 1 am BCRL MA NA NA

All RMA CMP-BSAs 0 2 SM BCRL NA NA NA

Uver
CUP-BSA 5 0 1 am am NA MA NA

13 0 1 BCRL am NA NA NA

All RMA OdP-BSAs 0 2 BCRL BM NA KA NA

AD samples
CUP-BSA 5 0 2 DCRL BM NA NA NA

13 0 2 BCRL SM NA NA NA

All RMA CMP-BSAs 0 4 BCRL BCRL NA NA NA

Mis tLbk incoý$ all sxsUble do& for all asimpka Cwtentional and fortuitous) arWynd now dw Bim CU[p.

*Oro USFWS Vomde mun includa noubits and "signs tbern a value equal aD me-balf of at lower CF.14 domipcive

stadstics am Calculated only when 50% or axwe of the samples an bits.

BCRL a Below cordf; MpMlinj lirdL M& value varied for different IsIx and in dflortnt yam

MA - Not ap*osbl&
NC a Nuznber of detecdons vu bass dM 50% of tbt Sam* " MW a mean was M calculaxe&



Tzbje 5.1-3 Aldrin Sumistical Resubs for Terrestrial Species Sunpled for CW. 1998 to 1990* pap 2 of 8

Minimum umdmm USFWS UWWS USFWS

TOW # Total # Devead DeveW Gemnettic Omomede Geonamdo

erMu of Samples Cme 0" Ccoc ftW blean" Vmdý Xd Dev"

BURB - knvgInom bn& (FORTUMYJS)
muck

RMANEAR 0 1 BCRL BCRL NA NA NA

Liver
RULANEAR 0 1 SCRL BCRL NA NA NA

AD Itestplas
RMANEAR 0 2 Bm BM NA NA MA

DOW - Imminsoft's baut (Pmrjr=s)
mwwb

RULAFAR 0 1 sm BCRL NA NA MA

Uva
RMAFAR 0 1 BCRL BCRL NA NA NA

All Surples 0 2 BCRL BCRL NA NA NA
RULAFAR

DUVI. Fambomed owl (MR7urmus)
mustle

CUP-BSA 4 0 1 BM BCRL NA NA NA

5 0 1 BCRL BCRL NA NA NA

12 0 1 BCRL BCRL NA KA NA

All RMA CUP-BSAs 0 3 BCRL BCRL NA NA NA

IAVW
CMP-BSA 4 0 1 BCRL BCRL NA NA NA

5 0 2 BCRL BCRL KA NA NA

12 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 3 BCRL BCRL NA NA NA

Brain
CWF-BSA 4 0 1 BCRL BCRL NA KA NA

5 0 1 BCRL BCRL NA NA KA

AD RMA CMP-BSAs 0 2 BCRL BCRL NA NA NA

AD Sunples
CUP-BSA 4 0 3 BCRL BCRL NA NA NA

5 0 3 BCRL BCRL MA NA NA

12 0 2 BCRL BCRL NA KA NA

AN RMA CMP-BSAs 0 9 BCRL BCRL NA NA NA

CME-Vvendbades
CMP-BSA 1 3 5 0,0151 0330 0.0239 14.4 112

2 2 4 0.0160 &0569 &0140 Z97 179

5 0 1 BCRL BCRL NA NA MA

All RMA CMP-BSAs 5 to 060151 0330 0,0270 5.59 3.71

Control 0 4 BCRL sm KA NA NA

CYLU-prawadog
CUP-BSA 1 0 44 BM BCRL NA NA NA

2 0 21 BCRL BCRL NA NA NA

3 0 19 BCRL BCRL NA NA NA

11 0 1 BCRL BCRL NA NA NA

12 0 5 BCRL BCRL NA NA NA

RMA NEAR 0 S BCRL BCRL NA MA NA

All RMA CMP-BSAs 0 95 BCRL BCRL NA NA NA

control 0 20 BCRL BCRL NA NA NA

*Mus Wilt incorpmaxes all available daza. for all mmles Ontentional and fattmium) "yzed umder the Biots CUP.

**Tbe USFWS geornecdc mean includes ambits and assigns thern a value equal to owbalf of the lower OU.- desaiptive

Statistics am adculaw only wben 50% of more of the MMICS We bits.

BCRL m Below ocrtified reportin& lildL 7us value veW for different labs and in Watat yon.

NA m Not applimble.
NC a Nmdm of detections was less dian 50% of zbe sampit size and a mean was not calculated



Table 5.1.3 Aldrin Statisdcal Resulu for Taresuial Speccies Sampled for CW 1988 to 1990* Page 3 of 8

Vaimm Muclosom USFWS USM USFWS

Tod # T*W # Damewd Deftcad Gemondc Ounnotdo 060MUIG

of ERv of Samples Cane "W Cam 4" VA@a" VWww" 2d Dar"

VJCY - Dreww's blacWird (PMUMUS)

CUP-BSA 5 0 1 BCRL BCRL MA NA MA

FASP.kw"
Dressed ca=ass

C1&-BSA 1 0 1 BCRL BCRL NA NA MA

2 0 1 BCRL BCRL NA NA NA

5 0 2 BCRL BCRL NA KA NA

RMANEAR 0 6 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 10 BCRL SM NA NA NA

Contra 0 9 BCRL BCRL NA NA NA

En

CIO-BSA 2 0 1 BCRL BCRL NA NA NA

RULA NEAR 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 5 BCRL BCRL NA NA KA

Contra 0 1 BCRL BCRL NA MA NA

All Sunples 0 5 BCRL BCRL NA - NA NA

CUP-BSA 1 0 1 BCRL BCRL NA KA NA

2 0 2 BCRL BCRL NA MA NA

5 0 3 BCRL BCRL NA KA NA

RMA NEAR 0 11 BCRL BCRL KA NA NA

All RMA CMP-BSAs 0 17 BCRL BCRL NA NA NA

C=Ud 0 14 BM BCRL NA NA NA

PASP - kestrel (FOR7=US)
Dressed carcass
CUP-BSA 5 0 1 BCRL BCRL NA KA NA

13 0 1 BCRL BCRL NA NA NA

RMA NEAR 0 1 BCRL BCRL NA NA NA

All RMA CUP-BSAs 0 3 BCRL BCRL NA NA NA

HALE -bold n6a (PORTUrMUS)
Musck

RMANEAR 0 1 BCRL BCRL MA NA NA

Liver
RMA NEAR 0 1 BCRL BCRL NA NA NA

Brain
RMANEAR 0 2 BCRL BCRL NA NA NA

All Samples
RMANEAR 0 3 BCRL BCRL NA NA MA

CWP-BSA 1 2 12 Q0239 02M NC NC NC

2 1 13 0.105 0.105 NC NC NC

3 0 10 BCRL BCRL NA NA NA

4 0 10 BCRL BCRL NA NA NA

5 0 10 BCRL BCRL NA NA NA

11 0 3 BCRL RM NA NA NA

12 0 2 BCRL BCRL NA NA NA

All RULA CUP-BSAs 3 60 0.0238 02M NC NC NC

Contra 0 15 BCRL BCRL NA NA NA

ongis table jaccrporates all available dwa for all samples (intentional and fortuitaus) analyzed under 6c Biota CUP.

**Uc USFWS gearnettic mean includes non1dis and assigns them a value equal so one4alf of *e lower =- descriptive

sudstic4 am caledaw only when 50% or ran of the MIMICS = hits.

BCRL a Below certified reporting Unit. This value varied for different labs and in different years.

NA a Not applicablL
NC u Number of detections was lea than 50% of ft swnpie size and a mean was am calculatrA



Table 5.1.3 Aldrin Sudisdcal Results for Twes:rW Spedu Sampled for CUP, 1999 to 1990$ Page 4 of 8

bexft= MICIC11101m, USFWS USFWS USEVS

Totd# Totd# DeawW Dowcad Osomattic Osomistdo Ckomstdc

of so of Samples Cootwo Coot, 4" Mom" VMMO" 3d Dev"

KOIR - kwl&
CUP-BSA I 1 5 OL0970 Q0970 NC NC NC

2 0 7 BCRL BCRL NA NA NA

3 0 4 BCRL BM NA NA NA

5 0 10 BCRL BCRL KA NA NA

11 0 3 BCRL BCRL NA NA MA

12 0 2 BCRL BCRL NA KA NA

Ali RMA CMP-BSAz 1 31 &0970 OMP70 NC NC NC

Control 0 10 SM BCRL NA NA NA

LASE - wad busice
CUP-BSA 1 0 7 BCRL SM NA NA NA

2 0 1 BCRL BCRL NA NA NA

3 0 2 BCRL BCRL NA NA NA

4 0 3 BCRL BCRL NA NA NA

5 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 14 BCRL BCRL NA NA NA

control 0 3 SCRL BCRL NA NA NA

ODHE - mok dew
Muscle

CUP-BSA 1 0 1 BCRL BCRL NA KA NA

3 0 1 BCRL BCRL NA NA NA

4 0 1 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA

All RMA CUP.BSAs 0 4 BCRL BCRL NA NA NA

control 0 1 BCRL BM MA MA NA

liver
CMP-BSA 1 0 1 BCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA

4 0 1 BCRL BCRL NA NA NA

RULAFAR 0 1 BCRL BCRL NA NA NA

All RMA CUP-BSAs 0 4 BCRL BCRL NA NA NA

Contra 0 1 BCRL BCRL NA NA NA

AD Sw*u
CID-BSA 1 0 2 BCRL BCRL NA KA NA

3 0 2 BCRL BCRL NA NA NA

4 0 2 BCRL BCRL NA NA NA

RMAFAR 0 2 BCRL BCRL NA NA NA

All RMA CUP-BSAt 0 8 BCRL BM NA NA MA

Control 0 2 BM BCRL NA NA NA

07bis o" incmporalts all available dam for all umples OntentionA and farmitow) =Wyzed ouft the Dim CUP.

**The USFWS pornattic now bdudes sonhits and assigns them a value equal ID aw4Uof do kmw =- ducriptive

wedstics are calculaW only wban 30% or mom of ft samples am him

BCRL a Below certified reporting Unit. Mdsralm varied for dMarent labs and to Memo ywL

NA w Not appli"t.
NC a Number of detections was less dum 50% of the sample du iod a men was am adculatrA



T" 5.1-3 Aldrin Statisdcal Results for TamurW Species Sampled for CUP, IM to 1990* PaSe 5 of 8

&AWMM maim= usFWS USFWS USFWS

TOMI# ToW # Despoed Deftcad 0soincida Oeowtdc 000MMIC

of Ma of Swqgu Cwc WW cow WV Wwwss yaknoe* SW Dew"

ODVI - wtift-Oil dew
muscle

OR-BSA 5 0 2 BCRL BM NA NA NA

RMAFAR 0 1 BCRL BM NA NA NA

RMA NEAR a 3 BCRL am NA NA NA

All RMA Oe-BSAI 0 6 BCRL BM MA NA NA

CMW 0 5 BCRL BM NA NA NA

uVer
OR-BSA 5 0 2 BCRL BM NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA

RMA NFAR 0 3 BCRL BM MA NA NA

AD RMA CKV-BSAs 0 6 BCRL BCRL NA NA NA

cosw 0 5 BCRL BM NA NA NA

AD SuMles
Oe-BSA 5 0 4 BCRL BCRL NA NA NA

RMAEAR 0 2 BCRL BCRL NA NA NA

RMANEAR 0 6 BCRL BCRL NA NA NA

All RMA 00-BSAs 0 12 BCRL BM NA NA NA

Cmad 0 10 BCRL BCRL NA NA NA

OUG - canhwom
O0-BSA 1 0 6 BCRL BCRL NA NA NA

2 2 7 0.110 0.290 NC NC NC

3 0 7 BCRL BCRL NA NA NA

4 1 5 0.447 0.447 NC NC NC

5 0 13 BCRL BCRL NA NA NA

I 1 0 4 SCRL BCRL NA KA NA

12 0 3 BCRL BCRL NA NA NA

13 0 7 BCRL BCRL NA NA NA

All RMA 00-BSAS 3 52 0.110 a447 NC NC NC

CA=d 0 12 BCRL BCRL NA NA NA

PEMA-deermouse
Oe-BSA I I is 0.700 0.70D NC NC NC

2 0 14 BCRL BCRL NA NA NA

3 3 11 0.119 0337 NC NC NC

4 1 10 220 2.20 NC NC NC

5 1 15 0.410 0.410 NC NC NC

21 0 6 BCRL BCRL MA NA NA

12 0 4 BCRL BM MA NA NA

AJIRMAO0-BSAI 6 75 0.119 2.20 NC NC NC

comw 0 15 BCRL BCRL NA NA KA

*Mu vibb inowporam all sysil" dew for all samples Onmdossl and fandtou) andynd mder dw Diou CMP.

*sUc USFWS geonudc. man includes socks and udgm dm= a valve upel 0 ces-balf of dat lower CRL.- 6scriptive

mdoda am calculated only when 50% or MGM Of ft laffOcs ut biu.
DCRL= Below cmjfwnpmtngUn9L M& valm vuied for differentlabs ud in diflerrat yam
NA u Not applicable.
NC a Nmmba of desecdou was ku d= M of ft san* dze and a mcan was = WcWwA



Table 5.1.3 Aldrin Statisdcal Resulu for TmnsvW Spedes Sampled for Cle, 1989 &D 1990* Page 6 of 8

MIWMM MwMM USFWS UsFWs UsFWs
TOW # Tood# Dwc%W Desocad GowwWo Osmadc Oww"k

of kBw ofS=ou Cmc 04W Cwc ftW Mm" Vwký 311 Dow"

PHOD-*suW
Dnwod coscs i
Oe-RSA 2 0 10 BCRL sm NA NA NA

3 0 5 BCRL BCRL NA NA NA

4 1 SCRL DCRL NA MA NA

5 0 10 BCRL BM NA KA NA

11 0 3 BM BM NA NA NA

RMAFAR 0 12 BCRL BCRL NA NA NA

RMA NEAR 0 6 BCRL RM MA NA NA

All RMA CNENDSAB 0 47 BCRL BM KA NA MA

Cksod 0 13 BCRL BCRL NA NA NA

Uvor
Oe-BSA 2 0 3 BCRL BCRL NA NA NA

3 0 5 BCRL BCRL NA NA NA

5 0 8 BCRL BCRL NA NA NA

11 0 1 DCRL BM NA NA NA

RMAFAR 0 U BCRL BCRL MA NA NA

RMA NPAR 0 4 BCRL DCRL NA KA NA

All RMA CMP-BSAS 0 33 BCRL BCRL NA NA NA

conad 0 9 BCItL BCRL NA NA NA

AD S=qiw
Oe-BSA 2 0 13 BCRL BCRL NA NA NA

3 0 10 BCRL BCRL NA NA NA

4 0 1 SCRL BCRL NA NA NA

5 0 18 BCRL BCRL NA NA NA

11 0 4 BCRL BCRL NA MA NA

RMAFAR 0 24 BCRL BCRL NA NA NA

RMA NEAR 0 10 BCRL BCRL NA NA MA

All RMA CMP-BSAS 0 80 BCRL BCRL NA NA MA

conud 0 22 BCRL BCRL NA NA NA

PDM -bdlnab CPMTE)TMUS)
RMA HEAR 0 1 BCRL BCRL NA NA NA

M -bbkck-bM@d manic (PORTUrMUS)
Oe-BSA 13 0 1 BCRL BCRL NA NA NA

Oe-BSA 1 0 2 BCRL BCRL NA KA NA

2 0 1 BCRL BCRL NA MA MA

All RMA 00-BSAt 0 3 BCRL BM NA NA NA

I= - m mudowlm&
Oe-BSA 2 0 8 BCRL BCRL NA NA NA

5 0 2 BCRL BCRL NA NA NA

12 0 10 DCRL BcItL NA NA NA
All RMA OdP-B&4j 0 5 BCRL BCRL NA NA NA

ccow
FM - wmm mwbwb* (PORTUMOUS)

C3e-BSA 2 0 1 BCRL BCRL NA NA NA

12 0 1 BCRL BCRL NA NA NA

All RMA 00-BSAs 0 2 BCRL BCRL KA NA NA

*jUs able i=Momo all avallable dous, for all saMles Gn=tional and famdum) analyzed under the Biota CUP.

**Tbc USFWS pomoic nwan includes sonMu and udgio them a value equal w ow-balf of dw Iowa CPJ.- desciptive

stodstics we calculaW only when 50% or nwrt of the sawles ast hits.

BCRL = Below cerdfied mpardng UnliL This value varied for diffcr=t labs and in dffertnt yean.

NA a Not appUcable.
NC a Nsurber of detections was less than 50% of tht sam* size and a arAn was " calculate4i



Table 5.1-3 Aldrin Suidstical Results for Taresvid Species SWMIed fOr CMF, 1988 to 1990* Page 7 of 8

MUJISIM USFWS USPWS UMWS
TOW 0 ToW Dmood DMMd 0 - I I 0=2111tdc Omnmdc
Ofas cjS&=00 C=c4,W Cow"W umss Vakwe" SdDvr"

STM-Sudisig
CUP-BSA 13 0 1 BCItL am NA NA NA

SM-doMMOMMIl
Dressed cum

CMP-BSA 1 0 3 BM VCRL NA KA NA
2 0 2 BCRL am NA NA NA
3 0 2 BCRL am NA NA NA
5 0 4 BCRL BCRL NA NA NA

All RMA CMIP-BSAx 0 11 BM BM NA KA NA
Cound 0 4 BCRL BCItL MA NA NA

muscle
CMP-M 1 0 3 BCRL BCRL NA NA NA

Uver
CUP-BSA 1 0 3 BCRL BCRL NA NA NA

All Samples
CUP-BSA 1 0 9 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA

3 0 2 BCRL DOM NA MA NA

5 0 4 DCRL BCltL NA NA MA
All RMA OdP-BSAS 0 17 SCRL BCRL NA NA NA
Control 0 4 BCRL RM NA NA NA

SYAU - desert caumma UMTUrMUS)
muscle 0 1 BCRL am NA NA NA
ChV-BSA I

TATA - bsdgw CPORTUrMUS)
muscle

CMP-BSA 1 0 1 BCRL BCRL NA NA NA
Uvcr
CMP-BSA 1 0 1 BCRL BCRL NA NA NA

Brain
CUP-BSA 1 0 1 BCRL DCRL NA NA NA

Fat
CMP-BSA 1 0 1 BCRL BCRL NA NA KA

Solid stomaab content
CMP-BSA 1 0 1 BM DCRL NA HA NA

LAquid stomach contents
CUP-BSA 1 0 1 BCRL BCRL NA MA NA

All Samples
C3&-BSA 1 0 6 BM BCRL NA MA NA

OTOS WAt incorporam all available dam fw all samples Onsendonal and krIsdoos) Malynd under the Boa CUP.
oorm USM seamsuic now includes =mMu and assiM theta a valos equal iD ow4olf of do loww CRU descriptive
stadsticsMolawatedoolywhanso%orn, Oftile-amp) ambits.

BCRL a Below cadfied reporting Unit. M& value vuiW for difluent labs md in Wferent yam

NA w Not applicable.
NC a Number of desectim was less dm 50% of ft sampte du nd a mean was siot calculated.



Table 5.1.3 Alddn Statistical Results for Terrestrial Spedes Sampled for Chg. 1988 tD 1990* Page 8 Of 8

unimm maim= USFWS USFWS USFWS
TOW 0 TOW f D&NOW Desmad OMM"do MOWN& MGM&

orMs orSampin C=c4WV CmftW Nkmoo Vadance*0 BdDw**

rM - Amclow =bin CPMn=US)
OR-BSA 13 0 6 BCRL BM NA NA NA

ZEMA- , ldm
CUP-BSA 1 0 11 SM BCRL NA NA NA

2 1 13 OM27 QL= NC NC NC
3 0 11 DOM BCRL NA NA NA
4 0 16 DCRL BCRL NA NA NA
5 0 10 BCRL BM NA NA NA
11 0 1 BCRL SM NA NA NA
12 0 3 BCRL BM NA NA NA

RMA NEAR 0 3 DOM BM NA NA NA
A]IRMAOO-BSAS I a 0=7 &0227 NC NC NC

CAM01 0 10 BCRL BCItL NA NA NA

ZEDAA - momWaS don (FORTEMMUS)
CUP-BSA 13 1 4 1.30 1.30 NC NC NC

*Mw able mmyorsses all avallable, dam for all samples Gnmuccial and kndmus) analyzed under ft Boa 00.
**Tbe USFWS rAxmisic men Includes nonhits and assiSnz them a value equal ID ono-half of the lower descripdve,

wdWWs we calculated only wben 50% or mn of dw samples in him
BCRL = Below GWOW MpMlin& liMiL Mds value varied for different I&W and in dflertat yeam
NA a Not applicable.
NC a Niunber of dowdons was less than 50% of the sample size and a mean was calculavA



TableS.1-4 Dieldrin Statistical Results for TwescrW Species Sampled for LW , 1998 to 19900 Past I of 7

vndm= unbusm UWWS USFWS USFWS

TOW 9 Tool Deacad Deseesed Geamadc 0somado 0samadc

of Mts of Samples CmcftW Owe ftW WW=" VWww" SW Dev"

ACRI-peashopper
CUP-BSA I U 16 0068 L20 06171 419 3.31

2 13. is 0.0360 0.730 0.145 254 Z63
3 9 20 060466 160 0353 L89 439

4 6 10 0.172 LID 0.125 32.7 6.47

5 1 10 0.0389 QM89 NC Nc NC

11 0 3 BCRL am NA NA NA

12 0 2 BCRL BCRL MA NA NA

All RMA CWP-BSAs 41 66 40360 LID L106 11.8 4.81

calmd 0 12 BCRL BM NA NA NA

AQCH - p1den *a& (POR=MS)
MUV.k
Off RMA 1 1 0.271 0.271 0.271 NA NA

Uver
OfrRMA 0 1 BCRL BCRL NA NA NA

Brain
Off RMA 0 1 BCRL BCRL NA NA NA

All Samples
caaw 1 3 CMI 0.271 NC NC Nc

ATCFJ - bwowing owl
CUP-BSA 2 1 1 aim aim aim NA NA

3 1 1 0.130 0.130 0.130 NA NA

12 1 1 0.0449 0.0449 0.0449 NA NA

RMA NEAR 4 4 0.114 LID 0331 &60 166

AD RMA CW-BSAs 7 7 0.0449 1.10 0.184 &06 2.98

NRTE - chesigras
CUP-BSA I a 12 0.0331 am 0.0593 2.78 175

2 8 13 QM99 0.628 0.0559 &77 3.16

3 6 9 0.0551 D-W 0.0734 197 3.81

4 4 7 0.0553 0.156 0.0459 117 2.79

5 2 13 0.145 0.145 NC NC NC

I 1 0 6 BCRL BCRL NA NA NA

12 0 4 BCRL BCRL NA NA NA

All RMA CUP-BSA5 28 64 0.0299 0.629 NC NC NC

cowd 0 16 XCRL BCRL NA NA NA

NLUA - xa&MW hawk OMMMOUS)
Muscle
00-BSA 5 1 1 OA54 Q454 DAM NA NA

13 1 1 LID LID 3.10 NA NA

AllRMACWF-BSAs 2 2 0.454 3.10 L19 6.33 3.99

Uver
Cb1P-BSA 13 1 1 7.20 7.20 7.20 NA NA

All Samples
Oe-BSA 5 1 1 0.454 GA54 OA54 NA NA

13 2 2 3.10 7.20 4.72 1.43 L81

A3lRMACWP-BSAs 3 3 0.454 7.20 116 7.44 4.12

91'his uMe incorporates all avaUble, dam for all sample Ontentiond and famduns) analyzed mft *c Bots CUP.

**Mw USFWS pomatic mean includes nonWis and assigns tlm= a value equal w coo-Wof dw lower =- dewdove
stst'-des we calca3med only when 50% at of do samplas We him

BCRL r. Below cerdW repordng liMiL Ilds value vzW for diffacut Igo and in dffcmt yean.
NA = Not applicable.
NC a Number of detections was less than 50% of tbe, sample size; and a mean was not calculated



Table 5.14 Dieldrin Statistical Results for TwestrW Spodes Sampled for CUP, 1988 to 19900 PAP 2 of 7

hil.7dom tjSMS USFWS USFWS

TOW Tocal# Doomw Dolood 090cooldo 0810mouic osom"do

of Ift of Samples Cooc WW Coac WW h6ow" VWaw*" 8d Do"

BME-haosinowbo&WRTMOUS)
muck

RMA NEAR 1 11.0 11.0 11.0 NA NA

Uver
RMANFAR 1 1 13.0 13.0 U.0 NA MA

All Samples
RMA NEAR 2 2 11.0 U.0 Mo LOI L13

SUM - SWILOMMs hawk OMTLTMUS)
Muscle

RMAXAR 0 1 BCRL BCRL NA NA NA

Uver
RMAFAR 0 1 BCRL BCRL KA NA NA

All Samples
RMAFAR 0 2 BCRL BCRL NA MA NA

DUVI - rw hamed OVA
Egg

CUP-BSA 5 1 1 7.00 7.00 7.00 NA NA

RMAFAR 1 1 0.236 0.236 0.236 MA NA

RMA NEAR 3 3 0.590 3.30 1.67 2.31 250

AD RMA OAP-BSAS 5 5 0.236 7.00 L50 6.53 &93

BUVI - Vw howd cad (PORTUMUS)
Muscle

CUP-BSA 4 1 1 0.178 0.178 0.178 NA NA

5 1 1 Z60 160 160 NA NA

12 1 1 LID LID LID NA MA

All RMA CMP-BSAs 3 3 0.178 LID Ijs 46.7 7.10

Liver
CUP-BSA 5 1 1 25.0 2S.0 25.0 NA NA

AD Samples
CMP-BSA 4 1 1 0.178 0.178 0.178 NA NA

5 2 2 2.60 25.0 L06 13.0 4A

12 1 1 LID LID LID NA NA

AD RMA CMP-BSAS 4 4 0.178 25.0 3.11 89.3 L33

COLE - grousid bodo
CUP-BSA 1 5 5 0.132 LOD 1.24 IL6 M2

2 4 4 0.217 119 1.01 1% 183

5 1 1 0215 0215 0.215 NA NA

All RMA CMF-BSAs 10 10 0.132 LOD 0.957 G." 4M

Coond 2 4 OM43 OAM 0.0179 Las 2.21

CYLU - proWe dog
CWP-BSA 1 38 44 &0425 4.00 0.10 5.19 3.61

2 17 2D Q0200 0.204 Q0589 L95 2.27

3 15 is 0.0177 0219 0.0438 143 2M

11 0 1 BCRL BCRL NA NA NA

12 4 5 Q0296 O.W M0395 2.73 172

RMANEAR 0 5 BCRL BCRL MA NA NA

All RMA CW1P-BSAs 74 93 Q0177 4M &0789 6.0`7 3.93

Conud 0 20 BCRL BCRL NA NA NA

OM WAc incorpwaxes all avaUble, do& for all samples Ontentional and fandow) analyzed under die Biots Chg.

**Tbe USFVS geamtdc now includes nonNts and assigns them a value equal to coo-balf of dw Iowa CRJ,- demodye

su&tics am calculaW oWy who 50% or mwe of the samples an him.

BCRL a Below cordfied =pcrdnZ link TWz value varied for diffaw lain and in dflernt r=.

NA a Not applicablL
NC a Nurnbcr of dcucdous was less dw 50% of the sompic size and a m=w was so cslcd&wA
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jJWdM= USM's USFWS USFWS

Total IM90 DmcW DmcW Owaumdo 0@=BWD OvOIDOWD

crate of sa*w Oaac"W Case ftW Wkwes VW=ae" Xd Do"

SLICY - Brewer's blaciibird CPMTUMUS)
CMP-BSA 5 1 1 LOD LOO LOD NA NA

FASP-bWW
Diessed 5

CMP-BSA I I 1 0.0336 &0336 MM36 NA NA

2 1 1 1.90 'LBO I.So NA NA

5 2 2 0.0328 U106 &0590 L99 2.29

RMANEAR 6 6 0,0720 IA 0355 &12 154

AN RMA CUIP-BSAs 10 to 0.0328 IM 02M 112 4.96

casual 3 9 0.0175 W15 NC NC NC

F,gg
CW-BSA 2 1 1 OAM 0.403 OAM NA NA

5 3 4 0.788 L70 0.520 18.5 "2

RMA NFAR 4 5 a4O3 1.70 OA94 9.02 4.41

All RMA CUIP-BSAS 1 5 0.0959 0,0859 NC NC NC

Conlral
All as

CUP-BSA I I I &M36 OM36 0.0336 NA NA

2 2 2 OAM 1.80 0.952 3.06 2.88

5 2 2 060328 0.106 &0590 L" 2.29

RMA NEAR 9 10 Q0720 1.70 0.413 7.51 4.14

AS RMA CUP-BSAs 14 is Q0328 1.90 0.297 10.8 4.67

Casual 4 14 0.0175 0.115 NC NC NC

FASP - k@Wd (FOR71=US)
Dressed ewcass

CUP-BSA 5 1 1 3.70 3.70 3.70 NA KA

13 1 1 1.70 2.70 1.70 NA NA

RMANFAR 1 1 0.461 0.461 0.461 LOS 1.26

All RMA CUIP-BSAS 3 3 0.461 3.70 1.43 &03 186

BALE - bald not CPORTUrMUS)
muscle

RMA NFAR 1 1 0.276 0276 0.276 NA NA

Liver 
MA NA

RMANEAR 1 1 W09 0.109 0.109 NA NA

Brain 
KA NA

RMANEAR 1 1 0.112 0.112 W12 NA NA

All Sw*cs
RMANEAR 3 3 Mp 0.276 OMD L32 L70

MEAN-sunflower
CUP-BSA 1 5 12 0.0443 OA70 NC NC NC

2 5 13 060321 0355 NC NC NC

3 3 10 L0417 0.194 NC NC NC

4 8 10 &0425 0.159 Q0584 2.32 250

5 0 10 BCRL BCRL NA NA NA

11 0 3 BCRL BCRL NA NA NA

12 0 2 BCRL BCRL NA NA NA

All RMA OAP.BSAs 21 60 QM21 0.670 NC NC NC

Casual. 0 15 BCRL SM NA NA NA

*Mb able Jacarparam all available dam for all sanq&A Ontendanal and fornatous) =Wy=d under 6* Biota CUP.

**Mw USFWS geomuic mean includes nonkdo and assigns thm a value equal w one-half of da lower CRI.- descriptive

sadstics art calculated only when 50% of More of ft 90*93 an biM.
BCRL = Below cerdfled repordag liniL Mis value vzdW for diffemnt labs and in dflatut yem.

NA a Not applicable.
NC a Nuaber of detecdons was loss d= 50% of ft swuple size and a mow was not calculavA
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hacw= UWE= USFWS uSFWS uSFWS
TOW f TOW f DcucW Dommod OsoomWc Osommuk Omcm%ldc

of Ifits of Sino= Cme 4%W Cmc "W Mm" VWmmo" 8d Dn"

CUP-BSA I 1 5 Q0853 0.0853 NC WC Nc
2 1 7 0.110 0.110 NC NC NC
3 1 4 02% 0294 NC NC NC
5 1 10 06ml a6ml NC NC Nc
11 0 3 BCRL BM NA NA NA
12 0- 2 BCRL sm NA MA NA

AS RMA CWIP-BSAs 4 31 OAS 02% NC NC NC
CODW 0 10 BCRL sm NA NA NA

LASE - mild loom
00-BSA 1 3 7 &0560 a0860 NC NC NC

2 0 1 BCRL BCRL NA KA NA
3 2 2 0.120 0.336 0.201 1.70 107
4 2 3 a0706 &0743 0.0537 1.31 1.68
5 0 1 BCRL BCRL NA NA NA

AD RMA CWIP-BSAX 7 14 a0560 0336 MOS26 1.71 2.08
Coand 0 3 BCRL BCRL NA NA NA

OMM-mobdm
musdc

CWP-BSA 1 0 1 BCRL BCRL NA KA NA
3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA MA

RMAFAR 0 1 BCRL BCRL MA NA NA
AD RMA CWIP-BSAs 0 4 BCRL BcRL NA NA NA
CORW 0 1 BCRL DCRL MA NA MA

Lim
CUP-BSA I I 1 0.101 0.101 0.101 NA NA

3 1 1 0.172 0.172 0.172 NA NA
4 0 1 BCRL BCRL MA NA NA

RMAFAR 0 1 BCRL BCRL NA NA KA
All RMA CMP-BSAz 2 4 0.101 0.172 Q0744 L62 2.00
Conlrd, 0 1 BCRL BCRL NA NA NA

AD Sa*es
CWP-BSA 1 1 2 0.101 0.101 M0651 1.47 1.86

3 1 2 0.172 0.172 0.0850 2.70 171
4 0 2 BCRL BCRL NA NA MA

RMAPAR 0 2 DOM BCRL NA MA NA
All RMA CWIP-BSAs 2 a 0.101 0.172 NC NC Nc
Comud 0 2 BCRL BcRL NA NA NA

*Mb Wit bowpofw4 all avasialt dam for all mmplu Ontcadoul and fandums) andyzed uder dis Bica CUP.
*07U USFWS gwmtdc nma indudes saWas and aWgw tbm a valn equal w wz-belf of dw lower = dmcdpdvt
sudsda gre agcWmW oWy wbou 50% or mcm of do umom = biu.

BM a Below cardfied npwft WdL Mds value, vaied for diflum labs and in Want yam
NA - Ma s*ablp-
NC a Nmmba of &ucdms was len thm SM of dr. un*c sim aW a urm wu " Wcdm&
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Mobom Modmm USFWS USFWS USFWS
TOW Toml# Naomi Dsocad Geowanic Gemoodo Goomatic
ofav of Sampla Cone 4" Cme ftW Wkwoo Vadý Sal Day"

ODVI - whim-an dew
muscle
CUP-BSA 5 0* 2 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA

RMANEAR 0 3 BCRL am NA NA NA

All RULA CWIP-BSAs 0 6 BCRL BM NA NA NA

COW 0 5 BCRL BCRL NA NA NA

IAVW
CUP-BSA 5 0 2 BCRL BM MA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA

RMA NEAR 2 3 QM82 0=95 &0283 3.74 &15

All RMA CWP-BSAs 2 6 0.0282 &0895 NC NC NC
Contrd 0 5 BCRL BM NA NA MA

AD Sa*cs
CUF-BSA 5 0 4 BCRL BCRL NA NA NA

RMAFAR 0 2 BCRL BCRL NA NA NA

RMA NEAR 2 6 0.=2 ams NC NC NC
AS RMA CMP-BSAs 2 12 &0282 &0895 NC NC NC
Conw 0 10 BCRL BCRL NA NA KA

ouo - MAISWO=
00-BSA 1 6 6 om 190 OM9 %is 142

2 7 7 0.198 &SO 1.40 3.10 190

3 6 7 0.0583 0.950 0.2M 4.52 3.42

4 5 5 M175 3.20 0.9S2 3.76 3.16

5 11 13 OLD435 2.70 0.325 9.37 4."

11 3 4 Q0240 0.111 0.0381 3.% 3.23

12 3 3 0.191 0.655 0.407 L55 1.94

13 4 7 aO275 02M 060680 1.94 2LM

AD RMA CUP-BSAS 45 52 O.M40 3.80 0304 10.5 4.64

Conw 0 12 BCRL BCRL NA MA NA

PEKA-dommom
CUP-BSA 1 13 13 0.122 U.0 220 L66 4.35

2 13 13 0.172 190 0" 4M 3M

3 21 11 0.104 13.0 147 14.3 5.11

4 9 9 0.239 35.0 &43 9.05 4.41

5 12 is QM04 6.60 0.349 21.0 5.73

11 1 6 &0335 0.0335 NC NC NC
12 2 4 O.WD8 M113 OAM 3.16 292

All RMA CMP-BSAs 61 71 0.0209 35.0 0.717 21.3 L14

Control 2 is QM62 0.111 NC NC NC
OM Shia incorpmams all wanable dam for all samples CmandoW aW fatollous) aWyzed mda the Biom 00.

**7u usFws gwmuk rfiM Wudes owhits and usigns dmn a value oqmd m one-half of &a low =- desedptive
statistics art coicuiated awy when 50% ormort of dw samples = his.

BCRL a Below ONOW upwft UnJL Mds value varied for differtut lWx and in d5am yeam

NA a Not applicable.
NC w Nwdw of demcdons was less d= 50% of the sm*t size and a mm was M calcolstrA



Table 5.1-4 Dieldrin Statistical Results for Tanstrial Spedes Sampled for CW , 1998 to 1990* Page 6 of 7

1211hom Maximum USFWS USFWS USFWS

TOW # ToW # Descad Deband Ooo=Wc Geomadc GOOMMic

of En of Sam* Cow ftW Core "W Mm" Vaibtaov" 3dDev"

pwo-phe...
Dressed carcass

CMF-BSA 2 0. to 0.0885 5" 0.275 7.22 4.08
3 4 5 40544 0.19D &0907 IAS Lp
4 1 1 1.40 1.40 1.40 NA NA
5 6 10 0.158 4.76 0.180 589 225
11 0 3 SM SM NA NA NA

RMAFAR 1 12 WO 170 NC NC NC
RMANEAR 0 6 BCRL BM NA NA NA

All RMA CMF-BSAs 21 0 0.0544 5.90 NC NC NC
Cc" 13 BCRL BM NA NA NA

Liver
CMP-BSA 2 2 3 OA67 22D 0.431 72.5- 7.92

3 5 5 0.0282 0" 02" 5.25 3.62
5 6 8 0.165 5.9s 0.326 L16
11 0 1 SM BM NA NA NA

RMAEAR 2 12 0.151 0.18D NC NC NC
RMA NEAR 1 4 0.0247 0.0247 NC NC NC

All RMA CU1P-BSAs 16 33 0.0247 5.95 NC NC NC
Cound 0 9 BCRL BM NA NA NA

All Samples
CUP-BSA 2 11 13 O.Ons 5.90 0305 9.35 4.46

3 9 10 0.0282 0" 0.159 3.52 3.07
4 1 1 1.40 1.40 1.40 NA NA
5 12 Is 0.158 5.95 0.234 197 9.97

11 0 4 BCRL BCRL NA NA NA
RMAPAR 3 24 0.151 2.70 NC NC NC
RMA NFAR 1 10 0.0247 0.0247 NC NC NC

AD RMA CUP-BSA1 37 so 0.0247 5.95 NC NC NC
Courd 0 22 BCRL BCRL NA NA NA

PDdB - bWlnab (PORMMUS)
RMA NEAR 1 1 0.457 OA57 0.457 NA NA

M - bbkck-bMW mag* CPMTU=US)
00-BSA 13 1 1 110 5.10 110 NA NA

VM - d6ma-lued Vound squind
CUP-BSA 1 2 2 0.545 LID 0.774 L28 L64

2 1 1 V59 0.758 0.758 NA NA
All RMA CMP-BSAs 3 3 OM5 LID 0.769 L13 L42

SM. p , mesidowlink
CMP-BSA 2 9 8 0.0370 110 02M =9 4.94

5 1 2 OMIS 0.0618 0=6 6.40 &91
All RMA CM1P-BSAs 9 10 O.M70 210 0.132 20.4 5.68
coffind 0 5 SM BM NA NA NA

MM - vansm maiadowh& CPORTUrMUS)
CMP-BSA 2 1 1 4.40 4.40 4L40 NA NA

12 1 1 6.SO 6.50 &SO NA NA
All RMA CM1P-BSAx 2 2 4.40 6.50 535 LOS 1.32

MVU - naffiq (FORTEIrMUS)
CMP-BSA 13 1 1 5.90 5.90 5.90 NA NA

*This ahk incorpmves all available daza foe al! samples OnmdoW and facamus) analyzed unift the Biota CM?.
*Or= USFWS scometdc mean indaides oonbits and usigns them a value equal b one-half of die law= =- descrion
satisd we calculated only when 50% ormore of the w*es an hits.

VCRL a Below owified rtpordng linliL This VAIVO VMti9d for different labs aod in dffcmt yun.
NA - Not appUcable.
NC a Number of dewfims was Ins than 50% of da sam;ic size and a mean wu na calculs"
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maimusn MLb= USFWS USFWS USFWS
TOW # TcW# Dmcud Devoted 060MIWO 09=00do OSOMWO
of no of SL=$m Cone We Cooc (u&W Micamse V=WmO* 3d Day"

SYM-deMOONDOW
Dmued camus
CUP,HSA 1 2 3 0374 Oms O= 105 3.94

2 2 2 2.70 6.00 4.M L38 L76
3 2 2 am 1.50 OAQ 4.27 3.34
5 2 4 06OB99 mlol &0633 L25 IAI

ARRMACMIP-BSAx 1 11 Q0899 6.00 0281 22.1 5.81
Coond 0 4 BCRL BM MA NA NA

mumck
00-BSA I a 3 BCRL BCRL NA NA MA

Liver
CUP-BSA 1 3 3 0.562 220 L28 L69 2.06

All Samplat
C30-BSA 1 5 9 0374 220 O= 16.4 5.32

2 2 2 170 6.00 4.M 1.38 1.76
3 2 2 0.273 2.50 OA40 4.27 3.34
5 2 4 Q0899 0.101 M0633 1.2S 1.61

All RMA 00-BSAS 11 17 QM9 6.00 0.263 22.3 &92

Coaml 0 4 BCRL BCRL NA NA NA

XYAU - down occomag (PORTUrMUS)
Liver
CUP-BSA I 1 1 0.890 0.89D U90 NA NA

TATA - bedger CPMTLMOUS)

CUP-BSA I 1 1 1.20 1.20 L20 MA MA
Liver

CMP-BSA I 1 1 9.90 9.90 9.90 NA NA
Brain
CMP-BSA I 1 1 0321 0321 0321 NA NA

Fat
CUP-BSA I 1 1 29.0 29.0 29.0 NA NA

Solid Mamb contents
CMP-BSA 1 0 1 BCRL BCRL NA MA NA

Liquid sWmwb
CMF-BSA I 1 2 0.295 0.295 0.295 NA NA

All Rampl -
CUP-BSA 1 5 6 0295 29.0 LOS 361 213

TLW - Amalm mbla (PMTUrMUS)
Dn=od me---

CUP-BSA 13 6 6 L20 19.0 LM 194 Z83

ZMIA -mooccing dove
CUP-BSA 1 9 11 U179 LOD CAM 159 9.50

2 12 13 0.0771 3.11 0.267 37.3 VO
3 8 11 L127 zoo O.IG 39.6 Cal
4 11 16 U178 1.71 0.0676 54.6 7.39
5 3 10 &MlI &0667 NC NC NC
I 1 0 1 BCRL BCRL NA NA NA
12 2 3 0.0497 L52 OW9 917 13.6

RMA NEAR 0 3 BCRL BCRL NA MA NA
AD RMA CMP-BSAs 45 a a0178 LOD 0.0739 68.3 731

Cond 0 10 BCRL BCRL NA NA NA

ZEMA- don OORTLTMUS)
CUP-M 13 4 4 7.80 32.0 14.3 1.42 1.81

*7bb Wgc inowporm" au avagaic dma for all sunpla QntmtioW and fmtmtm) analyzed under the Bma CUP.
**The USFWS gmmtdo mean indudes moubits and ASSigns th= a valut equal to one-balf of do lower =* ductlive
mdstics wt calculated only when 50% or mom of the sasTles am hiu.

BCRL m Below onaed n7calling ItaiL Mds value varied for dff=nt labs and in diffartat yean.
NA a Not applicable.
NC a Nmbcr of demdons was Im than 50% of the san*t sin and a man was am calculatrA
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hawnumm maimmum UWWS USFWS USFWS

TOW # Total # Demicad Dosomd amomeWc Geowado Geoustdc

of Ifia of Samples Cow WW Cow 4" hfim" Vadance" 29 Dow"

AOU - pu&bWw
CbV-BSA 1 2 16 CLO423 OMS NC NC NC

2 0 is sm BM NA NA NA

3 0 10 BCRL BCRL NA NA NA

4 1 10 0233 OM3 NC NC NC

5 1 10 M0981 0"81 NC NC NC

I 1 0 3 BCRL sm NA NA NA

12 0 2 BM BCRL NA NA NA

All RMA OdP-BSAS 4 66 OAM23 0233 NC NC NC

Coad 0 12 BCRL Bm NA NA NA

AQM - pWo =& CPORTLT=S)
Mode

Off RMA 0 1 BCRL BCRL MA NA NA

Liver
Off RMA 0 1 BCRL am NA NA NA

Brain
OffRMA 0 1 BCRL BCRL NA NA NA

All SmOes
Off RMA 0 3 BCRL BCRL NA NA NA

A= - butroWing owl
Cbe-BSA 2 0 1 DCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA

12 0 2 BCRL DCRL NA NA NA

RMA NEAR 1 4 M0595 06M85 NC NC NC

All RMA C)R-BSAs 1 7 Q0595 0.0595 NC NC NC

IMTE. Amqps
C3&-BSA 1 0 12 BCRL BM NA KA NA

2 1 13 0.116 0.116 NC NC NC

3 0 10 BCRL DCRL NA NA NA

4 0 7 SCRL BCRL NA NA MA

5 1 13 0.0963 Q0963 NC NC NC

11 0 6 BCRL BCRL NA NA NA

12 0 4 BCRL DCRL NA NA NA

All RMA CUP-BSAS 2 65 0.0963 0.11f NC NC NC

Control 0 16 BCRL BCRL NA NA NA

BWA -nd4dW bawk QMT1.1rMUS)
Muck
Oe-BSA 5 0 1 BM Bm NA NA NA

13 0 1 BCM BM NA NA NA

AN M" 00-B&Aj 0 2 BM BM NA NA KA

luver
Oe-BSA 5 0 1 BCM sm NA NA NA

13 1 2 0.125 0.125 0.125 NA NA

All RMA CMP-BSAS 1 2 0.125 0.125 0.0680 110 2.37

AD Sairples
0dP-BSA S 0 2 BCRL am NA NA NA

13 1 2 0.125 0.125 060690 2.10 2.37

All RMA CUP-BSAs 1 4 0.125 Q125 NC NC NC

*jWs able incorporates all avallable dau for all sunples (intentional and fleadiams) analyzed under ft Biota CMP.

**7U USFWS geomtdc mum includes noWtits and assigns thern a value equal in mr-balf of die lower CR14 descriptive

statistics am calculated only when 50% at uxx of the samples an hits.

DCRL a Below certified reporting Unit. MAs value varied for different labs and in difierent years.

NA a Not applicablL
NC m N=ber of detections was less dm 50% of the sw*t size and a uma was so caledam&



Table 5.1-5 Endrin Smtixdcal Resulm for Tbustaial Species Sampled for CUP, 1988 to 19W* Page 2 of 8

maim= mX1111111101 USFWS USFWS USFWS
TOW Totalf Deacted Deacad asomenic Geomm& Geomenic

ofMM ofSamples C=4" CmcWV Adam- Vadance" SIdDev"

SURE - haugLacus bn& WRTunvus)
muscle

RMANEAR 0 1 BCRL BM NA MA NA
Liver

RMANLAR I I QM3 OM3 OM3 NA NA
All Samples

RMA NLAR 1 2 0233 Un own &44 3.67

BUSW - Swalasons bp& (FOR7UrMUS)
Mucle

RMAPAR 0 1 BCRL BCRL NA NA NA
UTW

RMAFAR 0 1 BCRL BCRL NA NA NA
All Samples

RMAFAR 0 2 BCRL BCRL NA NA NA

BUYI - pw hamd owl
En

ChV-BSA 5 1 1 0.181 0.181 0.191 NA NA
RMAFAR 0 1 BCRL BCRL NA NA NA
RMA NEAR 1 3 O.IM 0.103 NC NC NC

ABRMAOe-BSAS 2 5 O.IM 0.181 NC NC NC

BUVI - Pw burned owl CPORTUrMUS)
Musck

CMF-BSA 4 0 1 BCRL BCRL NA NA NA
5 0 1 BCRL BCRL NA NA NA
12 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 3 BCRL BCRL NA NA NA
UTer

CMP-BSA 5 1 1 0386 0386 0386 NA NA
Brain
OdP-BSA 4 0 1 BCRL BCRL NA NA NA

12 0 1 BCRL BCRL NA NA NA
All RMA CMP-BSAs 0 2 BCRL BCRL NA NA NA

All Samples
Cb&-BSA 4 0 2 BCRL BCRL NA NA NA

5 1 2 0396 0.386 0.120 15.6 5.25
12 0 2 BCRL BCRL NA NA NA

All RMA C30-BSAs 1 6 0386 0386 U547 250 2.60

CME - pund bades

Oe-BSA 1 3 5 &07M 0350 0.0716 6.97 4.03
2 3 4 &0646 0.0975 40535 L75 III
5 0 1 BCRL BCRL NA NA NA

All RMA CbW-B&As 6 10 n 0.350 0=5 M1 3.03
Contra 0 4 BCRL RM MA NA NA

ows awe inowporates oil sTallable dam for all samples Ontentional and famAtous) uslyzeid uniler the Sku CUP.
oorn USFwS geomettic mean includes ocabits and assigns them a value equal lo one-balf of die lower CRL. descriptivt

stadd= am c9culaw only when 50% cc mom of do sampled; We bin.
BCRL a Bam cadW npwdng HmLL Mds value varied for Mwent labs and in Maent yum
NA - Not applicable.
NC & Number of detecdons was less dw 50% of do sam* An and a mean was am cdculax&



Table 5.1.5 Endrin Statistical Results for Tenutrial Species Sampled for CW, 1998 to 1990* Page 3 of 8

Mulwam Ma:dM= USFWS USFWS USFWS

T0121# TOW # Domad DaMW Gamottic Geoustdo 0somelde

of Igo of Swou Cone WW Cme 4" Wkm** VWazze" Sd Do"

CYLU -pWsk dos
OR-BSA 1 2 44 0.177 090 NC NC NC

2 0 21 BCRL BCRL NA NA NA
3 0 19 BCRL BCRL NA NA NA

11 0 1 BCRL BCRL KA MA NA
12 0 5 BCRL BCRL NA MA NA

RMA NEAR 0 5 BCRL BCRL NA KA - NA
All RMA OdP-BSAs 2 95 0.117 0.190 NC NC NC
C001101 0 2D BCRL BCRL NA NA NA

MJCY - bomes bbd*bd MTUrMUS)
00-BSA 5 0 1 BCRL BCRL NA NA NA

FAW-koffIrd
Dressed
CUP-BSA 1 0 1 BCRL BCRL MA NA NA

2 0 1 BCRL BCRL NA NA NA
5 0 2 BCRL BCRL NA NA KA

RMA NEAR 0 6 BCRL BCRL NA KA KA

All RMA CUP-BSAs 0 10 BCRL DCRL KA NA NA

C=vd 0 9 BCRL BCRL NA NA NA

Egg
CUP-BSA 2 0 1 BCRL BCRL NA NA NA

5 0 1 BCRL BCRL NA MA NA
RMA NFAR 0 5 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 7 BCRL BCRL NA NA NA

Control 0 5 BCRL BCRL NA NA NA

All Samples
CW-BSA 1 0 1 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
5 0 3 BCRL DCRL NA NA NA

RMA NEAR 0 11 BCRL BCRL NA NA NA

All RMA CUIP-BSAs 0 17 BCRL BCRL NA NA NA

Contra - 0 14 BCRL BCRL NA NA NA

PASP -kumd UMTUrMUS)
Dressed carms

CUP-BSA 5 0 1 BCRL BCRL NA NA NA
13 0 1 BCRL BCRL NA NA NA

RULANEAR 0 1 BCRL BCRL KA NA MA

AD RMA OR-BSAs 0 3 SM BCRL NA NA NA

RALE - bald so& MTUr=S)
movie

RMANFAR 0 1 BCRL BCRL NA NA MA

Uver
RMA NEAR 0 1 BCRL BM NA NA NA

Brain
RMA NFAR 0 1 BCRL SCRL NA NA NA

AD SamW-
RMANEAR 0 3 BCRL BCRL NA NA NA

*7ks tAble inowporates all available dam for all samples (intentional and fortuitous) analyzed unft ft Biots, CUT.
**Mw UsFWS teormuic mean includes noddis and assigns them a value equal io one4alf of do lower =- ductipdve

statistics art calculated only when 50% or mort of dw sar*es an hitL
BCRL a Below oufLned reporting lurk Msis value varied for different labs and in differtnt yew.
MA z Not applicable-
NC - Number of drtwdons was less than 50% of ft su*e size and a mean was not calcul-ted
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MwMM maim= UsFws umrws USFWS
TOW ToW # DswoW Doomd 0@=O* OOMWWC 08=NWC
cf Sts cf Swou Cwc WV Cme WW bimso Vaino" 2d Dev"

IMAN -nnnom
OdP-BSA I I 053D NC NC NC

2 1 13 0.114 0.114 NC NC NC
3 0 10 DCRL BCRL NA NA NA
4 0 10 BCRL BM NA NA NA
s 0 10 BCRL BCRL NA NA NA

11 0 3 NCRL BCRL NA NA NA
u 0 2 BCRL BCRL NA NA NA

AN RMA CUP-BSAS 2 60 0.114 05" NC NC NC
cmud 0 15 BCRL BCRL NA NA NA

MM -bwhIA
CbV-BSA I 1 5 0.0593 Moso NC NC NC

2 0 7 BCRL BCRL NA NA NA
3 0 4 BCRL BCRL NA NA MA
5 0 10 BCRL BCRL KA NA NA

11 .0 3 BCRL BCRL NA NA NA
12 0 2 RCRL BCRL NA XA NA

All RMA 04P-BSAI 2 31 M0583 O.OS23 NC NC NC
cMw 0 10 BCRL BCRL NA NA NA

LASB - wad Is==
00-BSA 1 0 7 BCRL EM NA NA NA

2 0 1 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL MA NA NA

4 0 3 BCRL BCRL NA NA NA
5 0 1 BCRL BCRL NA NA NA

All RMA OdP-BSAS 0 14 BCRL BCRL NA NA NA
CM1191 0 3 BCRL BCRL NA NA NA

ODHE -=U dew
MuvIt

Cb&-BSA 1 0 1 BCRL BCRL NA NA NA
3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL MA NA NA
All RMA 0&-BSA5 0 4 BCRL BCRL NA NA NA
Coned 0 1 BCRL BCRL NA NA NA

Liva
C&V-BSA 1 0 1 DCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 RCRL BM NA NA NA

RMAPAR 0 1 DCRL am NA NA NA
All RMA CbW-BSAS 0 4 BCRL BCRL NA NA NA
ccow 0 1 BCRL BCRL NA NA NA

All SuMles
aR-BSA 1 0 2 RM BCRL NA NA NA

3 0 2 BCRL BCRL NA NA NA

4 0 2 SM BCRL NA NA NA
RMAFAR 0 2 BCRL BCRL NA NA NA

All RMA OAP-BSAS 0 8 BCRL BCRL NA NA NA
cmva 0 2 BCRL BCRL NA NA NA

*M& t&bk imofp=W aU avagblg dm for aU swMlu Onswtional and fwWt=) ndy=d uWa 69 Biott CMP.
**Tbe USFWS gtortottic men indudw wilitt and Assigm dI= a value Mud 10 wo4df of ft kwu = ducriptive
sm&dcs am miculawd ody when 50% or m= of ft mmlei am bits.

BCRL a Bdow =tfiod Xporting Unit. WS T&IV9 TWW fOT diffOW IWM alld W MoUt YWL
NA w Not appUcable.
NC a N=bcr of &Aoctim was Ion dw 50% Of tM =f*9 ziu md & MMI wIs WE W=Utcd.



Table 5.1-5 Endrin Statistical Results for Temstrial Species Sampled for CUP. 1988 to 1990* Page 5 of 8

hascimum Mwimm USFWS USFWS USFWS
TOW # TOW 0 Detected Dnaed Osomadc OacoxWo Oeam;Wc
of Mix of Samples Cwc 4" Cwc hkan" Vnisný Bid DeT"

ODVI - wMa-vall dew
Muscle
CUP-BSA 5 0. 2 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
RULANEAR 0 3 BCRL BCRL NA NA KA

AD RMA CUP-BSAs 0 6 BCRL BCRL NA NA NA
Conud 0 5 am SCM MA NA NA

Uver
CMP-BSA 5 0 2 SM BCRL MA NA MA

RMAPAR 0 1 SM BM NA NA NA
RMANEa 0 3 SM BCRL NA NA NA

AD RMA CWP-BSAs 0 6 BCRL BCRL NA NA NA
Cautral 0 5 BCRL BCRL NA NA NA

All Samples
CUP-BSA 5 0 4 BCRL BM NA NA NA

RULAFAR 0 2 BCRL BM NA NA NA
RMANEAR 0 6 BCRL BM NA NA NA

AD RMA CMP-BSAs 0 12 BCRL BCRL NA NA NA
Convol 0 10 BCRL BCRL NA NA NA

OLTO - anbw=
CJ,V-BSA 1 3 6 0.0603 0.120 0.0555 1.28 1.64

2 4 6 0.111 0.561 0.142 3.98 3.24
3 1 7 0.10D WOD NC NC NC
4 2 5 0.107 0.107 NC NC NC
5 1 12 0.479 0.479 NC NC NC

11 0 4 BCRL BM NA NA MA

12 1 1 0.0"s 0.0495 MOM 1.55 1.94
13 0 7 BCRL BCRL NA NA NA

All RULA CUP-BSAs 11 48 0.0485 0.561 NC NC NC
conval 0 12 BCRL BCRL MA NA NA

PEMA-dearmna
CUP-M 1 2 25 0.004 0.910 NC NC NC

2 0 14 BCRL BCRL NA NA NA
3 0 11 BCRL BCRL MA NA NA
4 0 10 BCRL BCRL NA NA NA
5 0 15 BCRL BCRL NA NA NA

11 0 6 BM BCRL MA NA NA
n 0 4 BCRL BM NA KA NA

All RMA CUP-BSAs 2 75 O.M4 0910 NC NC NC
Conad 0 15 BCRL BCRL NA NA NA

*jIds W& baKpoirew @U avaRable dam he & sample 60mucual and ficubous) asWy=d under the Boa CUP.
O*Tbe USFWS ponatric mcan includes waWls and assigns them a value, equal Io mo-half of ft low CRL, dm"ve
statisda am calculawd only when 50% or mom of dw samples in bits.

BCRL = Below wdf; mpmft Hnit. Tab value Taried for different labs and in dfiarwt yam
NA - W applicabir-
NC a Number of dawdons was Iess d= 50% of dr- sample dw and a men was ow cdcW=&



Table, 11-5 RnArin Stadsdcal Rwft for T=uvW Spedes Sampled for CUP, 1998 ID 1990* page 6 of 8

U§Xk= twws txM USFWS
Tod IF ToW t Dowcod Doomd GK=Wo Goosooldc Ownstdc

ofas of UWw Cot WW Cocc 4" bbm** Vadom" ld Dow"

Doeued an=
CWP-BSA 2 .0 10 am BcRL NA NA NA

3 0 5 DCRL BcRL NA MA MA
4 0 1 BCRL 3M NA NA NA
5 0 10 DCRL BCRL NA NA KA

11 0 3 BCRL am KA NA MA
RMAFAR 0 n am DCRL NA NA NA
RMA NEAR 0 6 am sm NA KA NA

AN RMA CUIP-BSAS 0 47 JIM DCRL NA NA NA
conad 0 13 am BCRL NA NA NA

Uver
CUP-BSA 2 0 3 DCRL BCRL NA NA NA

3 0 5 BCRL BCRL NA NA NA
5 0 a sm BCRL NA NA NA
11 0 1 BCRL BM NA NA NA

RMAFAR 0 22 BCRL BCRL NA NA NA
RMA NEAR 0 4 SM BCRL NA NA NA

AD RMA CMT-BSAs 0 33 BM BCRL NA NA NA
Conud 0 9 BCRL BCRL NA NA NA

All SaWes
CUP-BSA 2 0 13 BCRL BCRL NA NA NA

3 0 10 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA

NA NAIt BCRL BM NA
11 0 4 BCRL BCRL NA NA NA

RMAFAR 0 24 DCRL BCRL NA NA NA

RMA NEAR 0 10 BCRL sm NA NA NA
AD RMA CWP-BSAs 0 80 BCRL BCRL NA NA NA

Control 0 22 BCRL BCRL NA NA NA

PME - bdlndm CPORTEMUS)
RMA NFAR 0 1 BCRL BCRL NA NA NA

M - black-bMed magpit CPORTUrMUS)
CWP-BSA 13 0 1 BCRL BCRL NA NA NA

JWM - Wrossi-Ined p=W w#dnd
Cie-BSA 1 0 1 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA

AS RMA CMP-BSAs 0 2 SM BM NA NA NA

SM. I'm Modov4st
CUP-BSA 2 1 8 OL0594 Mm NC Nc NC

5 0 2 ZM DCRL NA NA KA
12 1 10 Q0564 om" NC Nc NC

AD RULA CMP-BSAs 0 5 DCRL JIM NA NA NA
Ccow

FM -ww= mudowb& WOMMIS)
CUP-BSA 2 0 1 BM BCRL NA NA NA

12 1 1 0.130 0.130 0.130 NA NA
All RMA CMP-BSAs 1 2 0.130 0.130 0.0694 2.20 243

Orkds W)k Wcmpmw &II vWlable dam for all MmOs' Ontentiond and fandum) =Wyzed under dw Bk)M CMP.
*srw USFWS powtdc amn Mudes wWu &W "dgm 6= a volue. oqud oo we-bsff of do lower = descripbve

stodsdes m eslod&W oWy when 50% cr mwe of the mvqft at bits.
BCRL . Bdow wdfied npwdq limiL IWs vat= vww for diffaw IWx and in dflerent yem.
NA - Not appUcabl&
NC w Number of detecdow wu Ion d= 50% of do swn*_On wd a =a wn = colculatc&



Table 5.1-5 Endrin Stadsdcal Remb for Tenesuial Spedes Sampled fbr Chg. 1988 tD 1990* Page 7 of 8

IM-4- hfcdý USFWS USPWS USPWS
TOW # Totd# DswcW Docod Owc@Wc osometic Osommdc
.cfMv ofSamplo Cooc 4" Coot ftW him" Vokwe" 3d Daft

MW - owdim (MRUMUSD
Cup-BSA D 1 1 0394 0394 0.394 NA NA

Droned carcs,
CWF-BSA 1 0 3 BCRL BCRL NA NA KA

2 0 2 am BCRL NA NA NA
3 0 2 BCRL BM NA KA NA
5 0 4 SM BCRL NA KA KA

All RMA CMF-BSAs 0 11 BCRL BCRL NA KA KA
CA"d 0 4 BCRL BCRL NA NA NA

0 3 BCRL am KA KA KA
Liver

CWP.BSA 1 0 3 BCRL BM KA KA NA
All Samples

CWP-BSA 1 0 9 BCRL BCRL KA KA KA
2 0 2 BCRL BCRL KA KA NA
3 0 2 BCRL BCRL NA NA KA
5 0 4 BCRL BCRL KA KA KA

All RMA CMT`-BSAs 0 17 BCRL BCRL KA KA KA
Conud 0 4 BCRL BCRL KA NA NA

SYAU - doom coonsall CPORTEIZMUS)
Liver

CUIP-BSA 1 0 1 BCRL BCRL NA KA KA

TATA - bad&= OCRTUrMUS)
Muscle

CUP-BSA 1 0 1 BCRL BCRL MA NA NA
Liver

CKV-BSA 1 0 1 BCRL BCRL KA NA KA
Brain

CMF-BSA 1 0 1 BCRL BCRL KA NA MA
Fat

CUP-BSA 1 0 1 BCRL BCRL NA KA KA
Solid s&mucb contens
CNP.BSA 1 0 1 BCRL BCRL NA NA KA

IAquid swmach contens
CUP-BSA 1 0 1 BCRL BCRL MA NA KA

AD Swuples
C30-BSA 1 0 6 BM BCRL KA KA NA

Mix table incorporates all avall" dam for all sun* Cotactional and fandum) analyzed mmier do Bicta W.
OnU USFWS goornewc socan includes souMts and assiSus dom a value equal ou onsololf of do kmw CRI, docriptive
omdxft M calculow only When 50% at Mwe of the "now am him

DCRLsBelowcortifiedreportinglink 7bis Valot varied fordiffacutlaW andin diffamotysm
NA = Not "OGWL
NC a ?ý of detedons was less don "S of do sonple size aW a moso was M w1culate&



7MIe 5.1-5 Endrin SmdsdW Results for TbTt=W Species 'Rembled for CUP, 1988 tD 19900 Page 8 of 8

Mum= USFWS UOVS USM
Tod # ToW f Deftcad Descad CkomBalc Cloomedt Cloomatclo
of an of Sw*n am 0" Cow 44V Um" YWam" Sd Dev"

7MG a Amalm =bin OMMMUS)
Dzued camass
OdP-BSA 13 3 6 MIOD 0.980 003 5.94 Mo

ZIMA--m-1 don
CbW-BSA 1 2 11 awl 0218 PIC NC NC

2 6 U 0=2 0338 NC NC KC
3 2 11 OW29 QIM NC NC NC
4 1 16 0.2M 02M NC NC NC
5 0 10 BCRL BCRL NA NA NA

11 0 1 BCRL BCRL MA NA KA
12 1 3 0.0779 OAM9 NC NC NC

RMok NEAR 0 3 BCRL BM NA MA NA
AD RMA Oe-BSAS U 68 0.0529 0.338 NC NC NC
CDOW 0 10 BCRL BCRL NA NA NA

232AA - ax-l" dove 0ORMIrMS)
CMP-BSA 13 2 4 0326 1.30 0.154 21.0 5.73

*Tlds table boorporms all avail" data for all sarnples Ontendonal and IbmsiMM) Analyzed under &be Bioft CMF.
**The USFWS pornevic mean includes nonlits and assiSm dm= a value equal Io one-half of dw lower d=CdPdvt
nadsfics are, calculated only when 50% or mart of do samples are bits.

BCRL a Below andfied MPM-dA& UWAL TIds value varied for differem lain and in dfierent y=L
MA a Not applicable.
NC a Number of desections was lea dw SO% of do sample and a mean was sm oalculiue&



Table 5.1.6 DDT Smtisdcal Results for T=esuW Species Sampled for Chp, 1998 to 19900 Page I of 8

Mai== U3FWS Uaws USFWS
Total f Total # NuaW Deacted Gsomm& Gso=Wc Gsommdc
*fMu e(Samou Cmc(" Cm(" Mm** Vaimm" 3d Dry"

AOU - pmbopw
Cbg-BSA 1 0 16 DCRL BCRL NA MA NA

2 1 is 0.143 0.143 NC NC NC
3 0 10 BCRL sm NA NA NA
4 1 to 0.1c 0.1c NC NC NC
5 0 to sm BM NA NA NA
I 1 3 3 Q134 Q134 NC NC NC
12 0 2 SCRL am NA NA NA

All RMA OdP-BSAs 3 66 L134 C.In NC NC NC
QWd 0 12 BCRL SCILL NA NA NA

AQCH - SaWn *a& (POR==S)
much
Off RMA 0 1 BCRL DCRL NA NA NA

Uva
Of RMA 0 1 SCRL DCRL NA NA NA

Brain
OfrRMA 0 1 BCRL DCRL NA NA NA

All Sarmples
Off RMA 0 3 DCRL BCRL NA MA NA

A7CU - b=vwing owl
ChV-BSA 2 0 1 BCRL BCRL NA MA NA

3 0 1 BCRL DCRL NA NA NA
12 0 1 DCRL BCRL NA NA NA

RMA NEAR 0 4 DCRL BCRL NA NA NA
All RMA CbV-BSAs 0 7 BCRL BCRL NA NA NA

BRTE - dw&Wm
OwfP-BSA 1 0 12 DCRL BCRL NA NA NA

2 0 13 SCRL BCRL NA NA NA
3 0 10 BCRL ECRL NA NA NA
4 0 7 DCRL SCRL NA NA NA
5 1 13 0.117 0.117 NC NC NC
11 0 6 BCRL BCRL NA NA MA
12 1 4 0.118 0.118 NC NC NC

All RMA 00-BSAs 2 65 0.117 0.118 NC NC NC
Control 0 16 SCRL BCRL NA NA NA

STMA - nd.WW hawk CPM7UMUS)
mark
0&-B SA 5 0 2 BCRL DCRL NA NA NA

13 0 1 BCRL DCRL KA NA NA
All RMA 00-BSAt 0 2 BCRL BCRL NA MA NA

Uva
OdP-BSA 5 0 1 BCRL SCRL NA NA NA

13 0 1 BCRL BCRL NA NA NA
AD RMA 00-BSAs 0 2 BCRL BCRL NA NA NA

AS Sw*u
Oe-BSA 5 0 2 BCRL BM NA NA NA

13 0 2 DCRL BCRL MA NA NA
AD RMA CMP-BSAs 0 4 DCRL SCRL NA MA NA

*Mds WAe iwxpmwu all mv-nmW dam. for all mou Ontations] and fandum) wWyzed uWa da Biots Cmp.
0071te USFWS Scomtric man includes amMu and Odsm th= a value eq%W vD wA-hdf of do Iowa CRL,- dumiptive
mdsd" we calculmed only when 50% at mom of the sanvIcs m hill. -

DCRL a Below Cadfied MpM'dnS lifniL US Value vaded for diffatnt labs and in dMermat ye=.
MA a Not applicablL
NC a Nun*m of detecdom was less tl= 50% of do mmot dze and a mun was not calculatrA



TableS.1-6 DDT Statisdcal Resillts for TerrtstrW Species Sampled for M2.1988 to 1990* Page 2 of 8

Maimata Maimsim USFWS USFWS USFWS
TOW # Total. # Detected Desecad Oeomtric Coome-tdo Oeomadc
of His of Samoa Conc ftW Cow 0" him" Vxdý Sid Dev"

SURE - hwaginow hawk CPORTLnMUS)
Muscle

RMANEAR 0 1 BCRL BCRL NA NA NA

RULA NEAR 0 1 ICRL BCRL NA MA KA
AD SV%4es

RMA NEAR 0 2 DCRL SCRL KA NA NA
SUSW - Swdwon-s havdt (PORTUIMUS)
Muscle

RMAFAR 0 1 BCRL BCRL NA NA NA
Liver

RMAFAR 0 1 BCRL SCRL NA NA NA
AD Samples

RMA FAR 0 2 BCRL SCRL NA NA NA
BUVI - Smat homed owl
Egg

CUP-BSA 5 0 1 BCRL BCRL NA NA NA
RMA FAR 0 1 BCRL BCRL NA NA NA
RMA NEAR 0 3 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 5 BCRL BCRL NA NA NA
BUVI - Veat homed awl (FOR7=US)
Muscle
ChV-BSA 4 0 1 BCRL BCRL NA NA NA

5 0 1 BCRL BCRL NA NA NA
12 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 3 BCRL BCRL NA NA NA
Liver
CUP-BSA 5 1 1 0.243 0.243 0.243 NA NA

All Samples
CMP-BSA 4 0 1 BCRL BCRL NA NA NA

12 0 1 BCRL BCRL NA NA NA
All RMA CMP-BSAs; 0 2 BCRL BCRL NA NA NA

COLE - ground beetles
CUP-BSA 1 0 5 BCRL BCRL NA NA NA

2 0 4 BCRL BCRL NA NA NA
5 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 10 BCRL BCRL NA NA NA
Control 0 4 BCRL BCRL NA NA NA

CYLU - prairie dog
CUP-BSA 1 0 44 BCRL 3M NA NA NA

2 0 21 BCRL BCRL NA NA NA
3 1 19 0.159 0.159 NC NC NC
11 0 1 BCRL DCM NA MA NA
12 0 5 BCRL BM NA NA NA

RMA NEAR 0 5 BCRL BCRL NA NA NA
All RMA CUP-BSAs 1 95 0.159 0.159 NC NC NC
Control 0 20 BCRL BM NA NA NA

RUCY - Browees blackbird (FORTUTMUS)
CUP-BSA 5 0 1 BCRL BCRL NA NA NA

*This table incorporates all available dau for All sarMles (intentional and fortuitous) analyzed under the Biota CUP.
**The USFWS geometric mean includes nonhits and assigns them a value equal to one-half of the lower =- descriptivt
sudstics We Calculated only when 50% or nxxt of the samples me hits.

BCRL z Below certified reporting limit. This value varied for different labs and in different years.
NA a Not applicable,
NC a Number of detections was less than 50% of " sample size and a mean was not calculawA



TableS.1-6 DDT Sudstical Resulu for TemstrW Spedes Sampled for CUP, 1998 to 19900 Page 3 of 8

Minimstm U-4- USFWS USFWS USFWS
TOtd# ToW # Detected Deaded OtoozWo GeousWo Geoust&
of So of Sasson Cow (uW Cooc WW MmOO VaincrOO Sid Dev"

FASP-kestul,
Dusted cams

CMP-BSA 1 0 1 BCRL BM MA NA NA
2 0 1 BCRL BM NA NA NA
5 0 2 BCRL BM NA NA NA

RMANEAR 0 6 BCRL BCRL NA MA NA
All RMA CMP-BSAs 0 10 BCRL BM NA NA NA
control 1 9 0.141 0.141 Nc NC NC

EU
CUP-BSA 2 0 1 BCRL BCRL NA NA NA

5 0 1 BCRL BCRL NA NA NA
RMA NEAR 0 5 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 7 DCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA NA

All Samples
CUP-B SA 1 0 1 DCRL BCRL NA NA NA

2 0 2 SCRL BCRL NA NA NA
5 0 3 BCRL BCRL NA NA NA

RMA NEAR 0 11 BCRL BCRL NA NA NA
All RULA CUP-BSAs 0 17 BCRL BCRL NA NA NA
Control 1 14 0.141 0.141 NC NC NC

FASP - kestul (FORT[JrMUS)
Dressed cams

CMP-BSA 5 0 1 BCRL BCRL NA NA NA
13 0 1 BCRL BCRL NA NA NA

RMA NEAR 0 1 BCRL BCRL NA NA NA
AD RMA CUP-BSAs 0 3 BCRL BCRL NA NA NA

BALE - bdd sagle CPORTUITOUS)
Muscle

RMA NEAR 0 1 BCRL BCRL NA NA NA
Liver

RULA NEAR 0 1 BCRL BCRL NA NA NA
Brain

RULA NEAR 0 1 BCRL BCRL NA NA NA
AU Sarnples

RMA NEAR 0 3 BCRL BCRL NA NA NA
BEAN - mmflowa

CMP-BSA 1 1 12 0.146 0.146 NC NC NC
2 0 13 BCRL BCRL NA NA NA
3 0 10 BCRL BCRL NA NA NA
4 0 10 BCRL BCRL NA NA NA
5 0 10 BCRL BCRL NA NA NA

I 1 0 3 BCRL BCRL NA NA NA
12 0 2 BCRL BCRL NA NA NA

AD RMA CMP-BSAs 1 60 0.146 W46 NC NC NC
Control 0 15 BCRL BCRL NA NA NA

*7his W& incorporates &U available data for All SUMIN (intentional and forraiuxu) analyzed under die Biota CW.
**Mw USFWS geometric mum includes nonflits and Assigns them a Yalu equal to one-balf of the lower CRI,- descriptive
swisticssucalcul-, ody when 50% arm= of thesemples we bits.

BCRL a Below ocrtified reporting limit. Ibis value vatied for differtnt labs and in different years.
NA = Not applicabl&
NC a Number of detections was lea dm 50% of da sm*c size and a - was w calculated



Table 5.1.6 DDT Stadsdod Resulu for TwatrW Spedes Sampled for CUP, 1988 to 19900 Pase 4 of 8

Mcdm= USFWS UsFWS UsFWS
Tcftl# Tod # DmcW Detecad Osomads Osomadc Osm=Wc
of IRS of Sowas Coac, ftw Cocc (4y Vicifiscs" ad DDT"

Kom -hWI&
CWP-BSA 1 0 5 DCRL BCRL NA NA NA

2 1 7 MOM &0908 NC NC NC
3 0. 4 BCRL BCRL NA NA NA
5 0 10 DCRL BCRL NA NA NA
11 0 3 BCRL BCRL NA MA NA
12 0 2 BCRL BCRL NA NA NA

All RMA CUIP-BSAs 1 31 ams tows NC NC NC
Control 0 10 DCRL BCRL NA KA NA

LAM - wild hum
CM?-BSA 1 0 7 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL NA NA NA
4 0 3 BCRL BCRL NA NA NA
5 0 1 BCRL BCRL NA NA NA

AD RMA CMP-BSAs 0 14 BCRL BCRL NA NA NA
Contra 0 3 BCRL BCRL NA NA NA

ODHE - vsk dea
Musck
CUP-BSA 1 0 1 BCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL KA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
All RMA CM?-BSAs 0 4 BCRL BCRL NA NA NA
Control 0 1 BCRL BCRL NA NA NA

Liver
CMP-BSA 1 0 1 BCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
All RMA CMP-BSAs 0 4 BCRL BCRL NA NA NA
Control 0 1 BCRL BCRL NA NA NA

All Samples
CW-BSA 1 0 2 BCRL BCRL MA NA NA

3 0 2 BCRL BCRL NA NA NA
4 0 2 BCRL BCRL NA NA NA

RMAFAR 0 2 BCRL BCRL NA NA NA
All RMA CUP-BSAs 0 8 BCRL BCRL NA NA NA
Control 0 2 BCRL BCRL NA KA NA

Orab abb incorporases all avall" dasa, for all sunples CAtmlional and fortuitous) analyzed under the Bieft CUP.
**The USFWS geometric mean includes scaUts mW asAgns them a value equal Io, ow-half of dw lower CRI,- descriptive
stadstIcs am Calculated only wben 50% or MGM of do samples am him

BCRL a Below ardfied rc?crdnS limit. This valm vivied for dMacat lalm and in dffu=t yc=L
NA - Not applicabIL
NC a Numbe: of demedms was lux d= 50% of the sample size and a mcm was not calculated.



TWe 5.1-6 DDT Statistical Results for Teuestrial Species Sampled for CUP, 19U to 19W* Page 5 Of 8

160dum tISF" USFWS OWS
Total # Total # DowaW Daftewd Geomettle Geomadc Geocando
of Kim of Samples Coc (4W Cout ftW Wican" VMna" Id Dff"

ODVI - whIft-Mil dw
mark
CUP-BSA 5 .0 2 BM am NA NA NA

RULA FAR 0 1 BCRL SM NA NA NA
RW NEAR 0 3 SM BM NA NA NA

AN RMA CW-BSAS 0 6 BM SM NA NA NA
Conud 0 5 DCRL am NA MA KA

CUP-BSA 5 0 2 BCRL BCRL NA NA NA
RMAPAR 0 1 BCRL SM NA NA MA
RMA NEAR 0 3 BCRL BCRL NA NA NA

All RMA ChV-BSAS 0 6 BCRL BCRL NA NA NA
Contra 0 5 BCRL BCRL NA MA NA

All Sarnples
CMP-BSA 5 0 4 BCRL BCRL NA MA NA

RMA FAR 0 2 BCRL BCRL NA NA NA
RMA NEAR 0 6 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 12 BCRL BCRL MA NA NA
Control 0 10 BCRL BCRL NA NA NA

OUG-Offthwecro
OvfP-BSA 1 1 6 OM9 0.259 NC NC NC

2 0 7 BCRL BCRL NA MA NA
3 0 7 BCRL BCRL NA NA NA
4 0 5 BCRL BCRL NA KA KA
5 2 23 0.155 0.177 NC NC NC

I 1 0 4 BCRL BCRL NA NA NA
12 0 3 BCRL BCRL NA NA NA
13 4 7 0.127 1.49 0.154 4.07 3.27

All RMA CMP-BSAs 7 52 0.127 1.49 NC NC NC
control 1 12 0.149 0.148 NC NC NC

PEMA-deamouse
CUP-BSA 1 3 15 0.154 0362 NC NC NC

2 0 14 BCRL BCRL NA NA NA
3 0 11 BCRL BCRL NA NA NA
4 0 10 BCRL BCRL NA NA NA
5 0 15 BCRL BCRL NA NA NA
11 0 6 BCRL BCRL NA NA NA
12 0 4 BCRL BCRL NA NA NA

All RMA CUT`-BSAs 3 75 0.154 0362 NC NC NC
Control 0 15 BCRL BCRL NA NA NA

*Thiz W& i=q*miax all avail" daza for all swrfW (Intentional and fortuium) analyzed wWa the Dim CUP.
0*71m USFWS ponmetric nom includes noWsits and assigns them a value equal so one-half of do kmir = deacdove
sudstles are calculated only when 50% or wAn of the marople; we bits.

BCRL a Below certified npwdng lftdL This value YwW for dLffu=t laix and in dMarent yam
NA a Not applicable.
NC=Nu of detactions was I= than 50% of the un* size and a mean was no cdculate&



Table 5.1-6 DDT SudWcal Results for Twest;W Species Sampled for CUP, 1998 to 1990* Page 6 of 8

hfinjrnnM hILTAUM LISFWS tISMS USFWS
TOW ToW # Donned Dswcad, Osomada OsouNWO 000MOdo

of an of Sarogn Come WW Cow ftW Meat" VW=e" SdDw**
PIM-pbe ... "t
Dn=W cwcm
00-BSA 2 0 10 BCRL BCRL NA KA NA

3 0 5 BCRL BCRL NA NA NA
4 0 1 BM BCRL NA NA KA
5 0 10 BCRL BCRL NA KA KA
11 0 3 BCRL BCRL KA KA NA

RMAFAR 0 12 BCRL BCRL KA KA KA
RMA NEAR 0 6 BCRL BCRL NA NA NA

AD RMA CUP-BSAs 0 47 BCRL BCRL NA KA KA
Conw 0 13 BCRL BCRL NA KA KA

CUP-BSA 2 0 3 BCRL BCRL KA KA KA
3 0 5 BCRL BCRL KA KA KA
5 0 8 BCRL BCRL NA KA NA

11 0 1 BCRL BCRL KA KA KA
RMAFAR 0 12 BCRL BCRL NA KA KA
RMA NEAR 0 4 BCRL BCRL NA NA NA

All RUA CUP-BSAS 0 33 BCRL BCRL NA NA NA
Couw 0 9 BCRL BCRL NA NA NA

All Swoes
CMP-BSA 2 0 13 BCRL BCRL NA NA NA

3 0 10 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL KA NA MA
5 0 IS BCRL BCRL NA NA NA
I 1 0 4 BCRL BCRL KA NA NA

RMAFAR 0 24 BCRL BCRL NA NA NA
RMA NEAR 0 10 BCRL BCRL' NA NA NA

AD RUA CUP-BSAS 0 80 BCRL BCRL NA NA NA
cound 0 22 BCRL BCRL NA NA NA

Me - bulknalm (FMTUrrOUS)
RMA NEAR 0 1 BCRL BCRL NA NA NA

PIPI - blwk-bMed =109 (FORTunous)
CNF-BSA 13 1 1 02M 0.207 OM NA NA

SPM - &men-lined pound &qWud
004BSA 1 0 2 BCRL DCRL MA NA NA

2 0 1 BCRL BCRL NA MA NA
All RUA CUP-BSAS 0 3 BCRL BCRL MA NA NA

ZME-wmanuandowimt
CUP-BSA 2 0 9 BCRL BCRL NA NA NA

5 0 2 BCRL BCRL NA MA NA
All RUA CUM-BSAx 0 10 BCRL BCRL MA NA NA
Coastal 0 5 BCRL BCRL NA NA NA

STNE - i v Win mudowlick VORTUrMUS)
CWP4&SA 2 0 1 BCRL BCRL MA NA NA

12 0 1 BCRL BCRL NA NA NA
All RMA 00-BSAS 0 2 BCRL BCRL NA NA NA

ows ubk inooý a avaabit dam for &U umples Cmmd=W and fWuitous) MWyzed under tk Biota CUP.
**Tbe USFws ge=guic amn indudes =Wu and udgm than a Yalu equd w owhW of ft lowu =- ducriptive
mdsd= = calcuLued only wben 50% or wAm of die urMles am hitt.

BatL . Bdow verdfied npogtng IjnjL 7bis valut Ywied for diffatnt I&W and in Wmat yun.
NA a Not appUcable.
NC a Number of dcuadons wu Ieu dwn 50% of the umple Aze and a mun was not cdcuWe&



7We 5.1-6 DDT Statistical Results for Tenrestrial Species Sampled for MVý 1988 to 1990* Page 7 of 8

Unimun Mail== tWWS USFWS U-9VS
TOW # TOW # DIONOW DDUCwd 01102:191do 0410131"do, 0110madc
of law of amphm Ceoc WW Coco OWg) Witan** Viatiance" Sd Dew"

37VU - nmHq (POR7=US)
CUP-BSA 13 0 1 BCRL BCRL NA NA NA

SYAU-sinairtootsman
Dmud ==a

CWF-BSA 1 0 3 BCRL BCRL NA NA NA
2 0 2 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL NA NA NA
5 0 4 BCRL BCRL NA NA NA

All RMA CUP-BSAs 0 11 RM BCRL NA NA NA
Contra 0 4 RM BCRL NA NA NA

Muscle
CWP-BSA 1 0 3 BCRL BCRL NA NA NA

Uver
00-BSA 1 0 3 BCRL BCRL NA NA NA

AD Samples
CUP-BSA 1 0 9 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL NA NA NA
5 0 4 BCRL BCRL NA NA NA

All RMA CW-BSAs 0 17 BCRL BCRL NA NA NA
Contra 0 4 BCRL BCRL NA NA NA

SYAU - deam cottonts!]. (FOR7=US)
Muscle

CUP-B SA 1 0 1 BCRL BCRL NA NA NA
14va
CUP-BSA 1 0 1 BCRL BCRL NA NA NA

AD Samples
CW-BSA 1 0 2 BCRL BCRL NA NA NA

TATA - badger (PORTUrMUS)
Muscle

CW-BSA 1 0 1 BCRL BCRL NA NA NA

CUP-BSA 1 0 1 BCRL BCRL NA NA NA
Brain
CUP-BSA 1 0 1 BCRL BCRL NA NA NA

Fat
CWP-BSA 1 1 1 0.539 0.539 0.539 NA NA

Said stomad comets
CWP-BSA 1 0 1 BCRL BCRL NA NA NA

LAquid suxuach contents
CWP-BSA 1 0 1 BCRL BCRL NA NA NA

An Samples
CW-BSA 1 1 6 0.539 0.539 NC NC NC

OlIds table inowporgm all avagable, dua fcg all amMles (intentional and famMus) analyzed under the BIM CUP.
*or= usFws toomewc mean indudes nooNts and u4m; them a value equal so coo-half of die lower CRI,- descriptive
rAds*j am calculasw only when 50% or mom of the samples at Wts.

BCRL = Below offdfied reporting IiMiL Mds value varied for different labs and in different yew.
NA - Not applicable.
NC a Number of deurdons was Iess dm 50% of do sample xLze and a mean was to calcolatrA



Table 5.1-6 DDT Statistical Resuhs for Terresuial Spedes Sampled for CUP, 1988 to 1990* Page 8 of 8

Mdmum Modmura USFWS USFWS USFWS
Tow# Total # Detected Detected Osomadc Owwtdo Goomatic
of Ilits of San*u Cooc 0" Coac WW him" VeduaOs Sid Der"

7M - Ametim rabin CPMTLTMUS)
Droned carcass

C?dP-BSA 13 2 6 0339 0.950 NC NC NC

ZEMA - ==ing don
CMF_BSA 1 0 11 BCRL BCRL NA NA NA

2 0 13 BCRL SCRL NA NA NA
3 0 11 BCRL BCRL NA NA NA
4 0 16 BCRL BCRL NA NA NA
5 0 10 BCRL BCRL NA KA NA
I 1 0 1 BCRL BCRL NA NA MA
12 0 3 BCRL BCRL NA NA NA

RMA NEAR 0 3 BCRL BCRL NA MA NA
AD RMA CMP-BSAs 0 68 BCRL BCRL NA NA NA
Control 0 10 BCRL BCRL NA NA NA

ZEMA - suourning dove (FORTMOUS)
CMP-BSA 13 1 4 0.308 0.308 NC NC NC

OThis table incorporates all available data for all samples (intentional and fortuitous) analyzed under the Biota C?&.
**The USFWS geometric mean includes tionhits and assigns them a value equal to am-half of the lower descriptive
statistics we calculated only when 50% or more of the sw*es are hits.

BCRL - Below certified reporting limit. This value varied for different labs and in different years.
NA - Not applicablL
NC aL Number of detections was less than 5D% of do sample size and a mean was not calculavA



Table 5.1-7 DDE Sudstical Romilts for Taresuial Species Sampled for CUP, 1988 to 1990* Page I of 8

Amid"mm Mcclumm tISFWS USFWS USFWS

Taw# Totd # DowjW Dwood Goacomdo GoonsWo Goo=Wc
of So of Swon Cone (WS) Cow ftW Uncos VaWns" Sid Dw"

ACRI - pwboxw
OdP-BSA 1 0 16 BCRL BCRL KA KA NA

2 0 15 BCRL BCRL MA NA NA
3 0 10 BCRL BM NA MA NA
4 0 10 BCRL BCRL NA NA NA
5 0 10 BCRL BM NA MA NA

11 0 3 BCRL am NA MA NA
12 0 2 BCRL BM NA MA NA

AS RMA CNP-BSAS 0 66 BCRL BCRL MA NA NA
cawd 0 12 BM BM NA NA NA

AQM -SoWen so& (POR==S)
Musch
Off RMA 1 1 0.639 0.639 CA39 NA NA

lAver
OffRMA 1 1 0.124 0.124 W24 NA NA

Brain
Off RMA 0 1 SCRL BCRL NA MA MA

AD Samples
Off RMA 2 3 0.124 0.639 0.158 530 3.64

A7CU - booming oM
04P-BSA 2 0 1 SCRL BCRL NA NA MA

3 1 1 aO764 Q0764 0.0764 NA NA
12 0 1 BCRL BCRL NA NA NA

RMA NFAR 1 4 0.197 0.197 NC NC NC
AD RMA CMP-BSAs 2 7 0.0764 0.197 NC NC NC

BRTB-d=Wm
00-BSA 1 0 12 BCRL BCRL KA MA NA

2 0 13 BCRL BCRL NA NA NA
3 0 10 BCRL BCRL NA NA MA
4 0 7 BCRL BCRL NA NA NA
5 1 13 0.0692 0.0692 NC NC NC

11 0 6 BCRL BCRL MA NA NA
12 0 4 BCRL BCRL NA NA NA

AB RMA CIO-BSAS 1 65 &0692 0.0692 NC NC NC
coand 0 16 SCRL BCRL NA NA NA

BUM - io&UW hawk CPOR7UrTOUS)
Muscle
OdP-BSA 5 0 1 BCRL BCRL NA NA NA

13 0 1 RM BCRL MA NA NA
AS RMA 00-BSAS 0 2 BCRL BCRL NA NA NA

Uver
Oe-BSA 13 1 1 Q145 0.145 0.145 NA NA

All Samples
CW-BSA 5 0 1 BCRL BCRL NA NA MA

13 1 2 0.145 L145 &MI 1.76 112
AS RMA CMP-BSAS 1 3 0.145 0.145 NC NC NC

*M aMe incorporates &U avaDable, dam for aU UM;&j OntentioW and forad=) angynd ander tbe Bow CW.
**The USFWS goomstdc, mean includes nonlia and udSrs them a volus equd to cwhdf of dke low CF1.- docrotive
stadstics we coicuiated only wbw 50% or am or the umples we hin.

BCRL a Below cordfied n?ardnl UMIL US TAIGO MiAd far diflortat labs and in dffawt YWL
NA a Not qplicable.
NC z Number of dewdons wu im dwa 50% of do &L*t dze wW a moso wu no cWcul-ted



Table 5.1.7 DDE Statistical Results for Taresvial Species Sampled for Oe. 1989 to 1990* Page 2 of 8

Maimusis Modmom USFWS USFWS USFWS
70131# Total # Devanif Devoted Geomettic Geomettic, Geomado
of Hits of Samples Conc WW Cwc WV Mean" Vkdý Sid Dev"

BtMB - ham&oes bewk CPORTUIMUS)
Munk

RMANEAR 0 1 BCRL SM NA NA NA
Liva

RMANEAR .0. 1 BCRL DCRL NA NA NA
AD Samples

RMA NEAR 0 2 BCRL BCRL NA NA NA
9USW-SWxIA=,Ib&VkMTUffwS)
Mug*

RMAPAR 0 1 BCRL DCRL NA NA NA
Liver

RMAFAR 0 1 BM BM NA NA NA
AD Samples

RMAFAR 0 2 BCRL BCRL NA NA NA
DUVI - put bomed am
Egg
CUP-BSA 5 1 1 1.01 1.01 1.01 NA NA

RULAFAR 1 1 0.295 0.295 0.285 NA NA
RMA NEAR 3 3 0.597 0.729 0.659 1.01 1.12

AD RMA CUP-BSAs 5 5 O= 1.01 OAM 1.24 1.60
BUVI - V= bamad W MTUIMUS)
Muscle
CUP-BSA 4 0 1 BCRL BCRL NA NA NA

5 1 1 0.501 0.501 0.501 NA NA
12 1 1 0.667 0.667 0.667 NA NA

AD RULA CUIP-BSAs 2 3 0.501 0.667 0256 7.52 4.14
Liva
CUP-BSA 5 1 1 5.40 5.40 5.40 NA NA

AD Samples
CMP-BSA 4 0 1 BCRL BCRL NA NA NA

5 2 2 0.501 5.40 1.64 16.9 5.37
12 1 1 0.667 0.667 0.667 NA NA

AD RMA CUIP-BSAs 3 4 0.501 5.40 0.548 39.3 6.79
COLE - Swund bades

CMP-BSA 1 1 5 0.0688 0.0688 NC NC NC
2 0 4 BCRL BCRL NA NA NA
5 1 1 035S 0355 0.355 NA NA

AD RMA CMP-BSAs 2 10 &0698 0.355 NC NC NC
Control 0 4 BCRL BCRL NA NA NA

CYLU - prable; dog
CWP-BSA 1 1 44 0301 0.301 NC NC NC

2 0 21 BCRL DCRL NA NA NA
3 1 19 Q= 02M NC NC NC

11 0 1 BCRL BCRL NA NA NA
12 0 5 BCRL BCRL NA NA NA

RMANEAR 0 5 BCRL BM NA NA NA
All RMA CWIP-BSAI 2 95 0.204 0.301 NC NC NC
control 0 20 BCRL BCRL NA NA NA

*This table W=pwates all available dam for all samples (ptentiond OW foaWtous) analyzed under the Bwta CUP.
**rn USFWS Seamuit mean includu non1du and assigns them a value equal iD one-half of the, lower =- descriptivt

statistics are calculated only when 5D% cc more of ft Samples am hits.
BCRL a BEJOW CM-OW Mporting liffiL 7lds value vairied for diffestat lain and in diffartnt yean.
NA a Not applicable.
NC w No of detections was less dm 50% of ft sample size and a mean was not calculatrA



Table 5.1-7 DDE Statistical Results for Tenutrial Species SanTled for CUP, 1988 to 1990* Page 3 of 8

mwmum maimstIft USFWS USFWS USFWS
TOW 0 ToW # DoWcad DmcW Goomettio Gsm=Wc 0800mWo
of So of Samoa Cooc WW Coo ftW Mm" Vulaw" Xd Dov"

MjCY-2MWme,wwkbwOmTUrmU3)

CNP-BSA 5 1 1 LIO LIO LIO NA NA
FASP-keWd

Dsmased owcass;
CNIP-B&A. 1 0 1 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
5 1 2 0.811 Ull M160 1% 9.94

RMA NEAR 3 6 Q0806 0322 ams 2.5S 2.63
AD RMA CbW-BSAS 4 10 Q0806 M811 NC NC NC
Convoll 5 9 Q194 0.768 024 &84 3.19

Egg
C3V-BSA 2 0 1 BCRL SCRL NA NA NA

5 0 1 BCRL BCRL NA NA MA
RMA NEAR 2 5 0.2M 0352 NC NC NC

All RMA CMP-BSA5 2 7 0203 0352 NC NC NC
Control T 5 0.117 QM2 NC NC NC

AD Sa*ts
CUP-BSA 1 0 1 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
5 1 3 0.811 0.811 NC NC NC

RULA NEAR 5 11 QD8D6 0352 NC NC NC
All RULA CUP-BSAs 6 17 Q0806 0.811 NC NC NC
control 7 14 0.117 0.769 0.106 2.78 175

FASP - kmod OMMMUS)
Dressed camass

CUP-BSA 5 1 1 OAOI 0.401 0.401 NA NA
13 1 1 0.122 0.122 0.122 NA KA

RMA NEAR 1 1 0.114 0.114 0.114 NA NA
All RMA CMP-BSAs 3 3 0.114 0.401 0.177 1.65 103

RALE - bald not, TORTUIMUS)
Muscle

RMA NEAR 1 1 1.70 2.70 1.70 NA MA
Uva

RMA NEAR 1 1 0.404 0.404 0.04 NA NA

Blain
RMA NEAR I I 0.40D OAOO 0.400 NA NA

All SanVIes
RMA NEAR 3 3 0.40D 1.70 OASO 2.00 2.30

IMAN-xnfloww
CUP-BSA 1 0 12 BM BCRL MA NA NA

2 0 13 BM BCRL NA NA MA
3 0 10 BCRL BCRL NA NA NA
4 0 10 BCRL BCRL NA NA NA
5 0 10 BCRL BCRL NA NA NA
I 1 0 3 BCRL BM NA NA MA
12 0 2 BCRL BCRL NA NA NA

All RULA CMP-BSAz 0 60 BCRL BCRL NA NA NA
Control 2 is &0493 0.0499 NC NC NC

*Ilds table incorpmas all available dam for All samples; (latenticoal and fartWIM) azWyzod under the Biota CUP.
**Mw USFWS rAmmtdc :nem includes nonlits and assigns dwn a value equal io one-balf of dw Iowa CRL,- descriptive
ItIdsdes am Calculated only when 50% or mm of the UTMIes We blu.

BM a BCJOW alldfied rtportin& U:dL Tab value varied for diffcmnt labs and in &ffeirent yean.
NA m Not applicable.
NC a Numba of detections was less than SO% of do sw*t size and a nrAn was not calculawA



Tsble 5.1-7 DDE Statisdcal Results for TenescrW Spedes Sampled for CUP, 1988 to 19900 Page 4 of 8

Afinhom Makwom UVWS USM UVW3
TOW f TOW # Dalmd Deftcw GIOUNWO MOM& 00011110do
of Ma of UmpW Cm ftW Cmc ftW WW=O* VWswe" 3d Da"

MOM -kwhk
C30-BSA 1 0 5 BCRL BCRL NA, NA MA

2 0 7 BCRL BCRL NA NA NA
3 0 4 BCRL BCRL NA NA NA
5 0 10 BCRL DCRL NA NA NA

11 0 3 BCRL BCRL NA NA MA
12 0 2 BM SM NA NA NA

All RMA 04P-BSAs 0 31 BCRL SM NA NA NA
control 0 to SM BCRL MA NA NA

LASE - wOd IMMw
04P-BSA 1 0 7 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL NA NA NA
4 0 3 BCRL BCRL NA NA NA
5 0 1 BCRL DCRL NA NA NA

AD RMA CMP-BSAS 0 14 BCRL BCRL NA NA NA
Control 0 3 BCRL BCRL NA NA NA

ODHE - vxde dw
Muscle
ChW-BSA 1 0 1 BCRL BM NA NA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL DCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
AD RMA Che-BSAs 0 4 BCRL BCRL NA NA NA
Control 0 1 BCRL BCRL NA NA NA

Liver
CW-BSA 1 0 1 BCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA

RMAFAR 0 1 SCRI. BCRL NA NA NA
All RMA CMP-BSAs 0 4 BCRL BCRL MA NA NA
Control 0 1 BCRL BCRL NA NA NA

AX SuMles
CMF-BSA 1 0 2 BCRL BCRL NA NA NA

3 0 2 BCRL BCRL NA NA NA
4 0 2 BCRL BCRL NA NA NA

RMA FAR 0 2 BCRL BCRL NA NA NA
AD RMA Oe-BSAs 0 8 BCRL BCRL NA NA NA
Contivi 0 2 BCRL BM NA NA NA

OM teble incorporues &U available " for all sunples Ciatentiond And fanduxu) anslyzied Unft dw Biots CMP.
"Mic USFWS pomettic mum indudes tionbsts and UdW 6em a value sqial 0 colobsIf of dw kwu descriptive
stfi6tics M cKkAdaw only when 50% or mom of " "MOM an MIL

BCRL - Below ocrtified reporting limit. Mds Value "ffW for diffaut I&W Ud in dfiernt YUM
NA a Not applicable.
NC w Number of detections wu lou dm 50% or do sOMOO min Ud a Umn wo NO GdcWAw&



Table 5.1-7 DDE Statistical Results for Tentsuial Species Sampled for ChT, 1988 to 1990* Page 5 of 8

hazimm Maximuml USFWS USFWS USFWS
TOW # Total # Dencoat! Dowted Geomado 0swoolde 09MMWO
of an of Samplas Cone WW Cone ftW Mazz" Vadaw** Sd Dw"

ODVI - wbb-00 dmw
much
00-BSA 5 0 2 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
RMANEAR 0 3 BM BCRL NA NA NA

AD RMA Cie-BSAs 0 6 BCRL JIM NA NA NA
Contra 0 5 BCRL BCRL NA NA NA

Uver
Cle-BSA 5 0 2 BCRL BCRL NA NA NA

RMA FAR 0 1 BCRL BCRL NA NA NA
RMA NEAR 0 3 BCRL BCRL NA NA NA

All RMA CUIP-BSAs 0 6 BCRL BCRL NA NA NA
Contral 0 5 BCRL BCRL NA NA NA

AD Samples
00-BSA 5 0 4 BCRL BCRL NA NA NA

RMAFAR 0 2 BCRL BCRL NA NA NA
RMA NEAR 0 6 BCRL BCRL NA NA MA

AD RMA CMIP-BSAS 0 12 BCRL BCRL NA NA NA
control 0 10 BCRL BCRL NA NA NA

0110 - GU*W=
CUP-BSA 1 0 6 BCRL BCRL NA NA NA

2 2 7 0.169 0.170 NC NC NC
3 1 7 0.120 0.120 NC NC NC
4 1 5 0.675 0.675 NC NC NC
5 3 13 0.110 1.30 NC NC NC

I 1 0 4 BCRL BCRL NA NA NA
12 0 3 BCRL BCRL NA NA NA
13 5 7 0.432 1.40 0296 7.80 4.19

All RULA CUP-BSAS 12 52 0.110 1.40 NC NC NC
control 0 12 BCRL BCRL NA NA KA

PEMA-dw
CUP-BSA I I is 0.877 orn NC NC NC

2 0 14 BCRL BCRL NA NA NA
3 2 12 0.120 0.151 NC NC NC
4 2 10 0.479 1.90 NC NC NC
5 0 15 BCRL BCRL NA NA NA

11 0 6 BCRL BCRL NA NA NA
12 0 4 BCRL BCRL NA NA NA

AJlRMACMIPBSAz 5 75 0.12D 1.90 NC NC NC
colow 0 15 BM BCRL NA NA NA

*M& table Woorporaw &U avallable dam for All sw%)ks Onleadond and fortaitow) =Wyzod tuder do Bioa CUP.
007k USFWS pomettic mean inducles monbin and &Wgra dwm a value equal io, am-balf of the lower = ductiptive
statistics we calculaW ady who 5D% or more of ft Samples we bitt.

qCRL.BaowoerdfiednpogtngHmIL Ws valuevaried fir differew Ida and in diffaeut yew.
NA n Not apAcable.
NC a Number of detections was len then 50% of the ample dw and a mean wo not cdculatecL



Table 5.1-7 DDE Statistical Results for Tenmial Species S=pled for CW, 1988 to 1990* page 6 of 8

mmimum Maim= USFWS USFWS USFWS
TOW f Toad f Deacad DmcW Omm=Wc 0@=Wc Oemnadc
of so of Samoa CMCWO cncftw VIMOO Vadme" Sid Dvv*s

Dmasedcamn
CMP43SA 2 0 10 BCRL BCRL NA NA NA

3 .1 5 Q214 0214 NC NC NC
4 1 1 0.430 OA30 CA30 NA KA
5 3 10 0.0701 L172 NC NC NC
11 0 3 BCRL BCRL NA KA NA

RMAFAR 1 12 0.319 1 0319 NC NC NC
RMA NEAR 0 6 BCRL SCRL NA NA NA

AD RMA CMP-BSAs 6 47 Q0701 CA30 NC NC NC
cmad 0 13 BCRL SCRL NA MA NA

Uver
C30-BSA 2 0 3 BC!RL BCRL NA NA NA

3 2 4 0.109 0.129 0.0611 1.80 116
5 5 8 0.144 0.810 0.146 4.88 3.52
11 0 1 BCRL BCRL NA NA NA

RMAFAR 0 12 BCRL BCRL NA NA NA
RMA NEAR 0 4 BCRL BCRL NA NA NA

AD RMA CWP-BSAs 7 32 0.109 0.810 NC NC NC
Conad 0 9 BCRL BCRL NA NA NA

All Sw*cs
CMP-BSA 2 0 13 BCRL BCRL NA NA NA

3 3 9 0.109 0.214 NC NC NC
4 1 1 0.430 0.430 0.430 NA NA
5 8 28 0.0701 0.810 NC NC NC
11 0 4 BCRL BCRL NA NA NA

RMAFAR 1 24 0.319 0.319 NC NC NC
RMA NEAR 0 10 BCRL BCRL NA NA NA

AD RMA CMP-BSAs 13 79 =01 0.910 NC NC NC
Conad 0 22 BCRL BCRL NA NA NA

MM - bdlsndm (PORTL)IMUS)
RMA NEAR 0 1 BCRL BCRL NA NA NA

PM - black-billed mq* (FORTUIMUS)
CMF-BSA 13 1 1 2.20 2.20 2.20 NA NA

SPIR - Woummined patutd #qWrml
CMP-BSA 1 0 2 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
AD RMA CUP-BSAS 0 3 BCRL BCRL NA NA NA

VM - - - mudowbak
CMP-BSA 2 0 9 BCRL BCRL NA NA NA

5 0 2 BC!RL BCRL NA NA NA
AB RUA CMF-BSA2 0 10 BCRL BCRL NA NA NA
ccaud 1 5 Q223 0.123 NC NC NC

VINE - - meadowlat (PORTMOUS)
CMF-BSA 2 1 1 0.10 0.10 0.10 NA NA

12 0 1 BCRL BCRL NA NA NA
AS RMA CUP-BSA$ 1 2 0.10 0.149 a0863 1.82 Z16

SIVU-3mlingmrimus)
CUP-BSA 13 1 1 4.30 430 4.30 NA NA

07his table incorporates all available dat& for all s&nVks (mantional and fortuitous) analyzed under the Biota CMP.
*OThe USFWS geormuic n=n includes nonhits and assigns thern a value equal to ane-half of the lower CRL,- descriptive

statistim an calculated only when 50% or Marc of the su*cs am hits.
BCRL m Below cmMtd reporting linit. This value varied for diffacat labs and in dMercut years.
NA a Not applicable.
NC a Number of detections was less d= 50% of the samot size and a ffem was not calculated.



Table 5.1-7 DDE Statistical Results for Taremial Spedes Sampled for CW, 1988 &D 1990* Pap 7 of 8

Jjssjmt;sn tISFWS tISM USFWS

Tool IF TOW # DINCW Dowald 09=0"dc Ckomoldc 061301391de
of as of It-mPlas Cmc(Wg) CmcftW &fin" Vkdaý lid Dwl*

SYAU - desest awmall
Dressaid carcan
CIO-BSA 1 0- 3 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
3 0 2 JIM BCRL NA NA NA
5 0 4 BCRL BCRL NA NA NA

AD RMA C30-BSAS 0 11 BCRL JIM NA NA NA
Cond a 4 BCRL BCRL NA NA NA

Muscle
CUP-BSA 1 0 3 BCRL BCRL NA NA NA

Liver
00-BSA 1 0 3 BCRL BCRL NA NA NA

All Sarnples
t CIO-BSA 1 0 9 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL NA NA NA
5 0 4 BCRL BCRL NA NA NA

All RMA CMP-BSAS 0 17 BCRL BCRL NA NA NA
control 0 4 BCRL DCRL NA NA NA

3YAU - desest cottocall (FORTUMUS)
muscle
CMP-BSA 1 0 1 BCRL BCRL NA NA NA

Liver
CMP-BSA 1 0 1 BCRL BCRL NA NA NA

AD Samples
00-BSA 1 0 2 DCRL BCRL NA NA NA

TATA - badga TORTUrMUS)
Muscle

CUP-BSA 1 0 1 BCRL BCRL NA NA NA
Liver

CUP-BSA 1 0 1 BCRL BCRL NA NA NA
Brain

CUP-BSA 1 0 1 BCRL BCRL NA NA NA
Fat

CUP-BSA I 1 1 0.506 0.506 0.506 NA NA
Solid stomach contents

CMP-BSA 1 0 1 BCRL BCRL NA NA NA
Liquid stomach contents

CUP-BSA 1 0 1 BCRL BCRL NA NA NA
AD sarnples

CMP-BSA I 1 6 0.506 0.506 NC NC NC

Orhis table inceepwam all available dau for all samples CmtmdarW and faMIZUKU) WM1yZ0d 130da the BIM CUP.

00ru USFWS geornotic rnean includes nonbits and assigns them a value equal to wa-half of die low= descriptive

statistics we calculated only when 50% or more or dw samples an his.

BCRL a Below certified reporting limit. This value varied for different lWx wA in dffmnt yeazz.

NA u Not applicablL
NC = Number of detections was less than 50% of the sample size and a mean was tiot calcularA



T&WeS.1-7 DDE Statistical Resubs for TerrestrW Species S=pIed for ChV, 1989 to 1990* Page 8 of 8

maimliza MVjz= USFWS USFWS USFWS
TOMI N Total # Domcmd DevaW Geomtric Geomtric Ommiric
of Eli oMmples CmcWW Cmc(ugtg) Me=** Vattiance" SW MY"

UM-Amgdm =bin amiumus)

CUP-BSA 23 5 6 2.40 L30 2.39 56.4 7.45
23MA -mona" don

CW-BSA 1 0 11 BCRL BCRL NA NA NA
2 a 13 BCRL BCRL NA NA NA
3 0 11 BCRL BCRL NA NA NA
4 1 16 &0766 Q0766 NC NC NC
5 0 10 BCRL BCRL NA NA NA
I 1 0 1 BCRL BCRL NA NA NA
12 1 3 0.942 0.942 NC NC NC

RMA NEAR 0 3 BCRL BCRL NA NA NA
AD RMA CW-BSAs 2 68 0.0766 0.942 NC NC NC
CmIrci 0 10 BCRL BCRL NA NA NA

MWA - mmuning don (FORTMOUS)
CWBSA 13 1 4 0.455 0.455 NC NC NC

*7k!s table iworpormus all available dam for all sainples (intentional and fortuitous) analyzed under the Biots CM?.
**Tbe USFWS geormtric rnean includes nonhits and assigns them a value equal to one-lialf of the lower CPJ-- descriptive
xudstics in calculated only when 50% or mare of the satrples art hits.

BMLu Below cortifiedrepordrighiriL Ms value varied for different labs and in diffatnt years.
NA - Not applicable.
NC a Nurnber of detections was less than 50% of the sarnple size and a mum was not Wculatmi



T&W5.1-8 Arseaic Statistical Resulu for TenisaW Species Sampled for ChV. 1988 to 1990* Page I of 7

Alaximgm USFWS USFWS USFWS

TOW I ToW Deftead DmcW OsomeWo 080MOU GOOMMdc
of Ma of Samplu Clan UW Coo WV M=** Vaiance0s Sid Dw**

ACM-Pudonar
CWIF-BSA 1 3 16 0521 am NC NC NC

2 0 15 BCRL BM KA NA NA
3 0 10 BCRL BM NA NA NA
4 1 to 1.01 Lot NC NC NC
5 0 30 BCRL SM NA NA NA
I 1 0 3 BCRL SM NA NA NA
12 0 2 BCRL BCRL NA NA NA

All RMA OdP-BSAI 4 66 0521 1.01 NC NC INC
Coand 0 12 BCRL BM NA NA NA

AQM -VW= "& (PORTUrrOUS)
MOVIC 0 1 BCRL BCRL MA NA NA
OfrRMA

liver
OfrRMA 0 1 BCRL BCRL NA NA NA

Brain
OfrRMA 0 1 BCRL BCRL NA NA NA

All, Samples
Contra 0 3 BCRL BCRL NA MA NA

A7CU - burrowing owl
OV-BSA 2 0 1 BCRL DCRL NA NA NA

3 0 1 BCRL DCRL NA NA NA
12 0 1 BCRL BCRL NA NA NA

RMA NEAR 0 4 BCRL BCRL NA NA NA
All RMA CMP-BSAs 0 7 BCRL BCRL NA NA NA

04P-BSA 1 0 12 BCRL BCRL NA NA NA
2 1 13 0.481 0.481 NC NC NC
3 0 10 BCRL BCRL NA NA NA
4 1 7 0.60D Ohm NC NC NC
5 0 13 ECRL BCRL NA NA NA

11 0 6 BCRL BCRL NA NA NA
12 4 4 0.890 1.11 0.993 1.01 1.10

All RMA CMP-BSAs 6 65 OASI 1.11 NC NC NC
Convol 0 16 BCRL BCRL NA NA NA

BUIA -sed-lailed bawk (FOR7LTrOUS)
IAva
OdP-BSA 5 0 1 BCRL BCRL NA NA NA

13 0 1 BCRL BCRL NA NA NA
All RMA 00-BSAS 0 2 BCRL BCRL NA NA NA

UM -*no&= hawk (PORMUOUS)
Uver

RMANEAR 0 1 BCRL BCRL MA NA NA
3=- Swainsons bm& (PORTUrMUS)
Uver 0 1 BCRL BCRL NA NA MA

RMAFAR
*Tbis oible incorporwes all avall" dam for all sarnples (intentional and fwtuitous) analyzed under do Biota MR.
**To USFwS rAmoic mean includes nonhits and usiSus tbem a value equal to one-balf of the lower CRL; descriptivt
satisda art calculated only when 50% or "Mx of the Samples art hits.

BCRL a Below certified reporting HMiL This value varied for different labs and in d5atut years.
NA a Not applicable.
NC a Number of dwdons was less LIMA 50% of tM sample size and a mean was not calculated.



T" 5.14 Anemic Stafistical Results for Tenatrial Species Sampled for CUP, 1988 to 19900 Page 2 of 7

Moximm USFWS USFWS USFWS
Totd TaW # Deacted Devoted Osomstdo Osawguic Oemande
of So of Samples Cow 0" Coac ftW Man" Vadimm" 2d DavOO

BUYI-Pathomadowl
EU
0dP-BSA 5 0 3 BCRL BCRL NA NA NA

RUA PAR 0 - I BCRL BCRL NA NA NA
RMANEAR 0 3 BCRL SM NA NA NA

All RMA Oe-BSAs 0 5 BCRL BM NA NA NA
BUYI -po homed owl MTUrMUS)
Liver
C3V-BSA 4 0 1 BCRL BCRL NA NA NA

5 0 1 BCRL SM NA NA NA
12 0 1 BCRL BCRL NA KA NA

AN RMA CUP-BSAs 0 3 BCRL BCRL NA NA NA
Brain
Che-BSA 4 0 1 BCRL BCRL KA NA NA

12 0 1 BCRL BCRL NA NA NA
All IUMA CW-BSAS 0 2 BCRL BCRL NA NA NA

All Sasnples
CW-M 4 0 2 BCRL BCRL NA NA NA

5 0 1 BCRL BCRL NA NA NA
12 0 2 BCRL BCRL NA NA NA

All RMA CMIP-BSAs 0 5 BCRL BCRL NA NA NA
CM.E - Wound beedu

CMP-BSA 1 5 5 0.623 3.42 Ul 1.62 zoo
2 2 5 1.14 L35 NC NC NC
5 1 2 OA68 OA68 0242 2.39 2.54

AS RMA CMP-BSAs 8 22 0.468 3.42 OM8 t75 3.48
Conad 0 3 BCRL BCRL NA NA NA

CYLU - pside doS
OdP-BSA 1 11 26 0.430 167 NC NC NC

2 1 21 OA35 OA35 NC NC NC
3 3 19 0.468 0.528 NC NC NC
11 0 1 BCRL BCRL NA NA NA
12 0 5 BCRL BCRL NA NA NA

RMA NEAR 0 5 BCRL BCRL NA NA NA
AD RMA CW-BSAS 15 77 0.430 2.67 NC NC NC
COMW 2 20 0.5M 0.517 NC NC NC

EUCY - BrewWA blaclrbW (PORTLMDUS)
CW-M 5 0 1 BCRL BCRL NA NA NA

*7his able incorporate: all available dam for all tarroes Oultudonal and fbrtuiums) analyzed unft the Biou CMP.
**The USFWS Pormtdc mean inAvA, nonhits and assigns them a value equal io out-half of do lower CRL.- descri0vt

xmdsdu are calculated only when 50% or mom of the amplas an him
BCRL=Bdowo:rdfI nPoctnglimiL Tab value vadod for diftm labs and in Merest ywL
NA a Not a*cable.
NC w Number of detections was Ion than 50% of do smog size and a men was not Calculated.



Table 5.14 Amenic Stadsdcal Results for TenresrW Spedes Sampled for CUP, 19U to 19900 Page 3 of 7

lArAmum Ahzium USFWS USFWS USFWS
TOW # Total # Desecad Detected Ommula Geometric Oom=Wc

YAM - I= Ud of no of SU*U cout; (Ug1g) conc WW MM" Vadanctoo Sid Day"

Dmund carcs,
Oe-BSA 1 0 1 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
5 0 2 BCRL BCRL NA NA NA

RMA NEAR 0 6 BCRL BCRL NA NA NA
AN RMA CMP-BSAS 0 10 BCRL BCRL NA NA NA
Control 0 9 BCRL BCRL NA NA NA

Egg
Oe-BSA 2 0 1 BCRL BCRL NA NA NA

5 0 1 BCRL BCItL NA NA NA
RMA NEAR 0 5 BCRL BCRL NA NA NA

AD RMA ChV-BSAs 0 7 BCRL BCRL NA NA NA
Control 0 4 BCRL BCRL NA NA NA

AD Samples
CMP-BSA 1 0 1 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
5 0 3 BCRL BCRL NA NA NA

RMA NEAR 0 11 BCRL BCRL NA NA NA
AD RMA CMP-BSAs 0 17 BCRL BCRL NA NA NA
Control 0 13 BCRL BCRL NA NA NA

FASP - kestrel (FOR7=US)
Dressed carcass
Cbg-BSA 5 0 1 BCRL BCRL NA NA NA

13 0 1 BCRL BCRL NA NA NA
RMA NEAR 0 1 BCRL BCRL NA NA NA

All RMA CM[P-BSAs 0 3 BCRL BCRL NA NA NA
HALE - beld tagle (FORTUrrOUS)
Liver

RMA NEAR 0 1 BCRL BCRL NA NA NA
Brain

RMA NEAR 0 1 BCRL BCRL NA NA NA
AD Sarnples

RMA NEAR 0 2 BCRL BCRL NA NA NA
BEAN - sunflower

CMIP-BSA 1 2 12 0.374 2.26 NC NC NC
2 1 13 OA56 0.456 NC NC NC
3 0 10 BCRL BCRL NA NA NA
4 2 10 OA2 0.877 NC NC NC
5 0 10 BCRL BCRL NA NA NA

11 0 3 BCRL BCRL NA NA NA
12 1 2 am 0.563 tw 3.10 190

AD RMA OdP-BSAx 6 60 0374 226 NC NC NC
Control 0 15 BCRL BCRL NA NA NA

Mis able incorporates all available data for All samples (Intentional and fbirtWicus) analyzed under &be Biota Chip.
**The USFWS geometric mean includes nonlits and assigns them a value equal to out-half of die lower CRI, descriptive
statistics am calculated only when 50% at mom of the su*es am hits.

BCRL a Below certified reporting bruit. This value varied for diff=nt labs and in dff=nt yam.
NA a Not appUcablL
NC a Number of detections was less than 5D% of do nn* size and a van was M calculated



Table 5.14 AmWe Swiuical Results for Tarenrial Spedes Sampled for Oe. 1988 to 1990* Page 4 of 7

Mai== maimum LW" twws USFWS
TOW# Total # Datecand Desecad Onnande OwnwWo Owmeldc
ofHo of Samples Cone WW Cone 4" Mean" VW&m" Id Dev"

Kout - behis
CbW-BSA 1 3 5 0353 L17 0306 141 2.56

2 0 7 BCRL SM NA NA NA
3 0 4 BCRL BCRL NA NA NA
5 0 10 BCRL BCRL NA NA NA

21 0 3 BCRL BCRL NA NA NA
12 1 2 0334 0.334 0204 1.62 2.00

AD RMA Che-BSAs 4 31 0334 1.17 NC NC NC
CAMW 0 10 BCRL BCRL NA NA NA

LASE - uld bunce
ChW-BSA 1 0 7 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
3 0 2 BCRL DCRL NA NA NA
4 1 3 &965 0" NC NC NC
5 0 1 BCRL BCRL MA NA NA

AD RMA CUP-BSAS 1 14 0.965 0.965 NC NC NC
Connul 0 3 BCRL BCRL NA NA NA

ODHE - mult dew
Muscle
ChW-BSA 1 0 1 BCRL BCRL NA KA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA

RMA FAR 0 1 BCRL BCRL NA NA NA
AD RMA CUP-BSAS 0 4 BCRL BCRL NA NA NA
Control 0 1 BCRL BCRL NA NA NA

liver
C)V-BSA 1 0 1 BCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
AD RMA CMP-BSAS 0 4 BCRL BCRL NA NA NA
Contra 0 1 BCRL BCRL NA NA NA

All Samples
ChV-BSA 1 0 2 BCRL BCRL NA NA NA

3 0 2 BCRL BCRL NA MA NA
4 0 2 BCRL BCRL NA NA NA

RMA FAR 0 2 BCRL BCRL NA NA NA
AD RMA 00-BSAS 0 8 BCRL BCRL NA NA NA
Contral 0 2 BCRL BCRL KA NA NA

07bis table Wccirpmwex all avabble daft fix all samples Ontentimal and f6radtous) analyzed wWw the Bicts CUP.
**Tbe USFWS pomenic mum includes ambla and usigns dwn a value equal w ooe-half of dr, lawer =- dacdptive
stadsda art calcdaW only who 50% or mm of ft samples am hits.

BCRL a Below cerdfied ItpMtq HnIiL M value varied for diffaw I&W and in dflerent years.
NA a Not appUcable.
NC a Number of demcd= was less d= 50% of do sample mize and a mean was m cdculwA



T" 5.1.8 Ajudc StadsdW Results for TenalrW Spedes Sampled for CUP, 1988 to 199V Page 5 of 7

MCIMM ULTANSCED USFWS USFWS USFWS
TOW # T*W # Doxad Detected Owtustdc OszwA& GawAstdc;

of So of Swon Cwc(ugW CwcftW Mea*0 Vainn" SdDov"

ODVI - wbho-W dw
M=Ck
Oe-BSA 5 0 2 DCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BM NA NA NA
RMA NEAR 0 3 BCRL BCRL NA NA NA

AN RMA OdP-BSAS a 6 RM DCRL NA NA NA
Cbmwal 0 5 BCRL BCRL NA NA NA

Oe-BSA 5 0 2 BCRL 3CRL NA NA NA
RMAFAR 0 1 BCRL DCRL NA NA NA
RMA NEAR 0 3 BCRL BCRL MA NA NA

AN RMA OdP-BSAs 0 6 BCRL BCRL NA NA NA
COMW 0 5 BCRL BCRL NA NA NA

AD Smoot
Oe-BSA 5 0 4 BCRL BCRL NA NA NA

RMA FAR 0 2 BCRL DCRL NA NA NA
RMA NEAR 0 6 BCRL BCRL MA NA NA

All RMA 00-BSAs 0 12 BCRL BCRL NA NA NA
Cwtra 0 10 BCRL BCRL NA NA NA

OUG-MadwCUR
Oe-BSA 1 6 6 1.06 2.22 136 1.11 1.39

2 7 7 1.41 3.23 1.75 1.09 1.33
3 6 6 0.708 L32 0.923 1.07 2.29
4 5 5 0.682 3.45 1.36 1.47 1.86
5 13 13 0.621 2.18 1.06 1.12 1.41
11 4 4 1.31 2.05 1.65 1.03 1.20
12 1 1 110 110 110 NA NA
13 7 7 1.15 2.19 1.36 1.05 IX

AS RMA OdP-BSAs 49 49 0.621 110 2.40 1.73 2LD9
ccavd 11 12 0.636 1.27 0.776 1.21 1.55

PEMA - dea mom
1 2 is 0.547 1.06 NC NC NC
2 0 14 BCRL BCRL NA NA NA
3 0 11 RCRL BCRL NA NA NA
4 0 10 BCRL BCRL NA NA NA
5 0 25 SCRL BCRL NA NA NA
I 1 0 6 BCRL BCRL NA NA NA
12 2 4 1.16 2.50 0.531 7.12 4.06

AN RMA CbV-BSAs 4 75 0547 2.50 NC NC NC
CORW 0 15 DCRL BCRL NA NA NA

07kis W& iomparses all avail" dus for all samples Ontentiontl and formitm) anslynd under dw Biots CMP.
OfMis USFWS goonzaic mun includes nouldo and Udgm *= a value eqod ID one-Ulf of dw lower CRL; duc:iptive
tudsdcs; at calculated ady when 5D% at mom of ft somples we bits.

BML a Bej*W oggtfiod ropOMRS WL This Value vadW for diffatnt laW and in diffortnt yow.
NA a Not applicable.
NC w Nun6cr of dowdans was less d= 50% of dw swoe size wW a mw was ad calculawA



Table 5.14 Arsenic Statistical Results for Terreurial Species Sampled for CW. 1999 to 1990* Page 6 of 7

Minimum MWm= USFWS USFWS USFWS
TOMI# TOW # Domaid Ommotdo Owanadc Goometzic
of Hits of Samples Canc 0" Couc 0" blanee Vwisme* Sid DWO

31M.Pha-Mg
Dressed carcass
OdP-BSA 2 .0 10 BCRL BCRL MA KA KA

3 0. 4 BCRL BCRL NA NA KA
4 0 1 BCRL BM KA KA NA
5 0 8 BCRL BCRL KA NA NA
11 0 3 BCRL BCRL NA NA KA

RMAFAR 0 6 BCRL BCRL NA NA NA
RMANEAR 0 3 BCRL BCRL NA NA NA

All RMA CUP-BSA$ 0 33 BCRL BCRL KA KA NA
Contrail 0 3 BCRL BM KA KA NA

Uver
CUP-BSA 2 0 6 BCRL BCRL NA NA NA

3 0 4 BC!RL RM NA NA NA
5 0 7 BCRL BCRL NA NA NA
11 0 3 BCRL BCRL NA NA NA

RMAFAR 0 6 BCRL BCRL NA NA NA
RMA NEAR 0 1 BCRL BC!RL NA NA NA

All RMA CMP-BSAs 0 27 BCRL BCRL NA NA NA
CAROMI 0 8 BCRL BCRL NA NA NA

AS Samples
CMP-BSA 2 0 16 BCRL BCRL NA NA NA

3 0 8 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA
5 0 15 BCRL BCRL NA NA NA

11 0 6 BCRL BCRL NA NA NA
RMA FAR 0 12 BCRL BCRL NA NA NA
RMA NEAR 0 2 BCRL BCRL NA NA NA

AD RMA CUP-BSAs 0 60 SCRL BCRL NA NA NA
Control 0 16 BCRL BCRL NA KA NA

PDM - bdl=ab (FORTUMUS)
RMA NEAR 0 1 BCRL BCRL NA NA NA

M - t1wit-billed maMic (FORTUITOUS)
CUP-BSA 13 0 1 BCRL BCRL NA NA NA

SPIR - dbuso-lined Vound sqd=1
CWP-RSA 1 0 2 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
All RUA CMP-BSAs 0 3 BCRL BCRL NA NA NA

VINE - - - " nVadowbak
CMF-BSA 2 0 8 BCRL BCRL NA MA NA

5 0 2 BCRL BM NA NA NA
All RMA CUP-BSAs 0 30 BCRL BCRL NA NA NA
cowd 0 5 BM BCRL MA NA NA

am. R undowlak (PORTETIMS)
OdP-BSA 2 0 1 BCRL BCRL NA NA NA

12 0 1 BCRL BCRL NA NA NA
All RMA CWP-BSAs 0 2 BM BCRL NA NA NA

NVU - Smiling cpwurmus)
CUP-BSA 13 0 1 BCRL BCRL NA NA NA

*This table incorporates all available data for All sernples (intentional and fortuitous) analyzed under the Biota CUP..**TbeUSFWS reamedc mean includes nonhits and assigns them a value equal to one-half of the lower CRL,- descriptive
xtedstin are calculated only when 50% at morc of the samples at hits.

BCRL = Below certified reporting limit. This value varied for different labs and in diffmat years.
NA a Not applicable.
NC a Number of detections was less than 50% of the sample-size and a mean was not calculateA
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TaMe 5.1-8 Arsenic Statistical Results for Terrestrial Spedes Sampled for CW, 1998 to 199D* Page 7 of 7

Unitnum mainsomi USFWS USFWS USFWS

TOW f TOW f Damned Dowcod Ggoeogttic 00ometdc Otteettettic

EYAU-tiumcowntidl of M" of S&MPW Cooc (US/9) COMIC WO Matto" V@ZMOO* 311 Dow**

D=uW carca-
Oe-BSA 1 0 3 BCRL BCRL NA NA NA

2 0 2 JIM BCRL NA NA NA
3 0 2 BCRL SM NA NA NA
5 0 4 BCRL BCRL NA NA NA

All RMA CIO-BSAs 0 11 BCRL BCRL NA NA NA
Contra, 0 4 BCRL BCRL NA NA NA

Liva
CbV-BSA 1 0 3 BCRL BCRL NA NA NA

AD Umples
CIdP-BSA 1 0 6 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL NA NA NA
5 0 4 BCRL BCRL NA NA NA

All RMA Che.BsAs 0 14 BCRL BCRL NA NA NA
Contra 0 4 BCRL BCRL NA NA NA

SYAU - dam comosaD (poRTLTrOUS)
Liver
Oe-BSA 1 0 1 BCRL BCRL NA NA NA

TATA - bwW CPORTUrMUS)
Liver

ChfP-BSA 1 0 1 BCRL BCRL NA NA NA
Draw
00-BSA 1 0 1 BCRL BCRL NA NA NA

Fat
CMF-BSA 1 0 1 BCRL BCRL NA NA NA

Solid smwh contents
CW-BSA 1 0 1 BCRL BCRL NA NA NA

Liquid stomach =tenu
CMP-BSA 1 0 1 BCRL BCRL NA NA NA

AD Samples
CMP-BSA 1 0 5 BCRL BCRL NA NA NA

TIJIG - Amcd= Tobin (FORTUMUS)
Dressed carcass

C3&-BSA 13 0 6 BCRL BCRL NA NA NA

ZEMA - moorsdaS dove
Oe-BSA 1 0 11 BCRL BCRL NA NA NA

2 1 13 2.63 2.63 NC NC NC
3 0 11 BCRL BCRL NA NA NA
4 0 16 BCRL BCRL NA NA NA
5 0 10 SM BCRL NA NA NA
11 0 1 BCRL BCRL NA NA NA
12 0 3 SCRL BCRL NA NA NA

RMA NEAR 0 3 BCRL 9CRL NA NA NA
All RMA CUP-BSAs I a 263 2.63 NC NC NC
control 0 10 BCRL BCRL NA NA NA

ZEMA. do" WRrUrrOUS)
C?R-BSA 13 0 4 BCRL BCRL NA NA NA

*71ds table; Wmpx= all available data for all samples (intentional and fafti=) analyzed under the, Biout CW.
"Tht USFWS lem, - tdc mean includes wnhits and assigns them a value equal Daue. oftelo,
statistics am calcW&W only when 50% or more of do samples we hitt. half h wtr CPj. descriptive

BCRL - Below =tMW MPOrdn& liMiL This Value Varied for diff=nt I&W and in &ff=nt ygars.
NA a Not applicible.
NC - Nu of dcwctions was less than 50% of the sarMit size and II IMAn was act cWtolated.



Table 5.1.9 Mercury Statistical Results for TenwaW Species Sampled for ChV, 1988 to 19W page I of 8

M"hFMM MUltnum USFWS USFWS USFWS

TOW # Total Dwoed Desected Owenettic, Owenctsic, GMMWC
of an of Samples Cow QWI) Cone; W Wkm** Valance" Sid Dgv**

CWP-BSA 1 0 11 BCRL BM NA NA NA
2 0 10 BCRL BCRL NA NA NA
3 0 6 BCRL BCRL NA NA NA
4 0 6 BM BCRL NA NA NA
5 0 5 BCRL BCRL NA NA NA
I 1 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAS 0 39 BCRL BM NA NA NA

Control 0 7 BCRL BCRL NA NA NA

saiden sagle (PORTMOUS)
Muscle

OffRULA 1 1 0.140 0.140 0.140 NA NA

Uver
Off RMA 1 1 0304 0.304 0304 NA NA

Brain
Off RMA 1 1 0.0969 0.0969 a0969 NA NA.

AD Samples
Off RMA 3 3 0.0969 0.304 0.160 1.41 1.79

A7`CU - biscrawing owl
CUP-BSA 2 0 1 BCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA

12 0 1 BCRL BCRL NA NA NA

RMA NEAR 0 4 BCRL BCRL NA NA NA

AD RMA CW-BSAS 0 7 BCRL BCRL NA NA NA

ME - che-Was
CUP-BSA 1 0 8 BCRL BCRL NA NA NA

2 0 8 BCRL BCRL NA NA NA
3 0 6 BCRL BCRL NA NA NA
4 0 4 BCRL BCRL NA* NA NA
5 0 8 BCRL BCRL NA NA NA

I 1 0 3 BCRL SCRL NA NA NA
12 0 2 BCRL BCRL NA NA NA

AD RMA CW-BSAS 0 39 BCRL BCRL NA NA NA

Control 0 11 BCRL BCRL NA NA NA

BUJA - red-ailcd bawk (FORTLTMUS)
Muscle
CIO-BSA 5 0 1 BCRL BCRL NA NA NA

13 0 1 BCRL BCRL KA NA NA

All RMA CU1P-BSAs 0 2 BCRL BCRL KA NA NA

lAva
CUP-BSA 5 1 1 0.0499 0.0489 0.0489 NA NA

13 0 1 BCRL SCRL NA NA NA

All RMA CU1P-BSAz 1 2 Q0489 0.0489 &0336 L32 1.70

All Samples
CWP-BSA 5 1 2 0.0489 &0489 O.M36 1.32 1.70

13 0 2 BCRL BCRL NA NA NA

AD RULA CMP-BSAs 1 4 &0489 0.0489 NC NC NC

o7kis table, incorporates all available dug for aU gamples Qntentional and fbirtuiton) analyzed under the Biota CUP.
sene, USFWS gwmuic man includes wnWu and assigns them a value eqod 10 one-balf of da lowtr CRL,' descriptive

statistics wt cdculaW only when 50% or more of the samples art hits.
BCRL w B910W cer0ed aportinS lirriL Mds value varied for different labs and in ddercut years.
NA a Not applicablL
NC u Number of detactions was less dw 50% of dig awnple; size and a mean was not cdcubMA



Table 5.1-9 Mercury Statislical Results for Terrestrial Species Sampled for CW 1988 to 19W Page 2 of 8

""I- maxImIsm UWWS USFWS USFWS
TaIll Total # Demoted DmoW Owmadc Gumulc Owasuic;
of Ian of Sampl cwc "W Cmc (4W Mass" Vadwor" Sid Day"

sm -h hawk cponun-ous)
Muscle, RULANEAR 0 1 BCRL BM KA NA NA

RMANEAR 1 1 0760 &0760 0.0760 NA NA

AD Samples
RMA NEAR 1 2 Q0760 OM60 Q0419 Z03 2.32

DUSW - SwIlisnon's bawt OWTUITOUS)
muck

RMAFAR 0 1 BCRL sm KA NA NA

liver
RMAFAR 0 1 BCRL BCRL NA NA NA

AD Samples
RULAFAR 0 2 BM BCRL NA NA NA

DUVI - ova bomed owl
Egg

CNP-BSA 5 1 1 0.106 0.106 0.106 NA NA

RULA FAR 0 1 BCRL BCRL NA NA NA

RMANEAR 0 3 SCRL BCRL NA NA NA

All RMA CNIF-BSAZ 1 5 0.106 0.106 NC NC NC

BUVI - reatheimW awl (FORTUIMUS)
Muscle

CUP-BSA 4 0 1 BCRL BCRL NA NA NA

5 1 1 0.0643 aO643 0.0643 NA NA

12 1 1 0.0664 0.0664 0.0664 NA NA

AD RULA CMUP-BSAS 2 3 Q0643 0.0664 O.D462 1.43 1.92

liver
CMP-BSA 4 0 1 BCRL BCRL NA NA NA

5 1 1 0.131 0.131 0.131 NA NA

12 1 1 0.0581 0.0581 0.0581 NA NA

AD RMA CNP-BSAS 2 3 0.0591 0.131 0.0561 112 138

AD Samples
CN?-BSA 4 0 2 BCRL BCRL NA NA NA

5 2 2 0.0643 0.131 0.0918 1.29 1.65

22 2 2 0.0591 aO664 0.0621 1.01 1.10

AD RMA 00-BSAS 4 6 a0581 0.131 a0509 lis 1.96

COLE . paxid battles
CNP-BSA 1 0 5 BCRL BCRL NA NA NA

2 1 5 &Q589. Q0589 NC NC NC

5 0 2 BCRL BCRL NA NA NA

AD RMA CUP-BSAs 1 12 MOSS9 OL0589 NC NC NC

Control, 0 3 BCRL BCRL NA NA NA

CYLU - praWs ft
CNP-BSA 1 0 26 BCRL BCRL NA NA NA

2 0 21 13CRL BCRL NA NA NA

3 1 19 0.0472 &0472 NC NC NC

11 0 1 BCRL BCRL NA NA NA

12 0 5 BCRL BCRL NA NA NA

RMANEAR 0 5 BCRL BCRL NA NA NA

All RMA CNIP-BSAs 1 77 &0472 0.0472 NC NC NC
Control 0 20 BCRL BCRL NA NA NA

srhis tsbit inowporaw all available dam for all samplas (psentional and fortuluxu) analyzed under the MOM CUP.
007UUSFWSSP, -trio mean includes nonhits and assigns them a value equal to one-half of the lower = ducriptive

statistics art calculated only when 50% or mom of the samples are hits.
BCRL a Below cersified reporting lin-AL This value varied for different labs and in dMerent years.
NA = Not applicable.
NC at Number of duections was less than 50% of the sample si= and a mean was m calculwzA



Table 5.1-9 M=w-y Statistical Results for Tartsaial Species Sampled for CUP, 1998 to 19900 Page 3 of 8

Minimum maxinnun USFWS USFWS USFWS
TOW # Tod# Detected Doomed Oammadc Gewwaic Ovocatuic
of Ian of Itamige- Cm c (Ws) Coup (WS) W6=** Vaciance" Sid Dev**

MICY - Bmw's Mackbizd CPORTUrMUS)
CW4BSA 5 0 1 BM am NA NA NA

PASP-kowd
Dressed carcess
Oe-BSA 1 0 1 BCRL BCRL NA NA NA

2 0 1 BCRL am NA NA NA
5 0 2 BCRL BCRL NA NA MA

RMA NEAR 0 6 BCRL SM NA MA NA
All RMA 00-BSAS 0 10 DCRL BCRL NA NA NA
C50aw 0 9 BCRL BM NA NA NA

F499
OdP-BSA 2 0 1 BCRL BCRL NA MA NA

5 0 1 BCRL BCRL NA NA NA
RMA NFAR 0 5 BCRL BCRL MA NA NA

All RMA ChW-BSAs 0 7 DCRL BCRL NA NA NA
Contra 0 4 DCRL SCRL NA NA NA

AIL Sw*es
04P-BSA 1 0 1 BCRL SCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
5 0 3 DCRL SCRL NA NA NA

RMA NEAR 0 11 BCRL BCRL NA NA NA
All RMA 00-BSAS 0 17 BCRL BCRL NA NA NA
Central 0 13 BCRL BCRL NA NA NA

F" -kensal (FORMIMUS)
Dressed CAMMS
Oe-BSA 5 0 1 BCRL BCRL NA NA NA

13 0 1 BCRL BCRL NA NA NA
RMA NEAR 0 1 BCRL DCRL NA NA NA

All RMA CMP-BSAs 0 3 BCRL DCRL NA NA NA
HALE - bald *a& (PORTMOUS)
Mock

RMANFAR 1 1 0.0542 0.0542 Q0542 NA NA
Liva

, RMA NEAR 1 1 0.153 0.153 0.153 NA NA
Brain

RMANEAR 0 1 BCRL BCRL NA NA NA
AD Swoes

RMA NFAR 2 3 Q0542 0.153 Q0377 Z45 2.57

00-BSA 1 0 7 DCRL BCRL MA NA NA
2 0 8 BCRL BCRL NA NA NA
3 0 6 BCRL BCRL MA NA NA
4 0 6 BCRL BCRL NA NA NA
5 0 7 SCRL SCRL MA NA NA

12 0 2 BCRL BCRL NA NA NA
All RMA 00-BSAs 0 36 BCRL BCRL NA NA NA
C=Vd 0 10 BCRL BCRL NA NA NA

*Mds UMe incarponues &U av-11-W- daft for &U samig, OntenticeW and hanium) analyzed under the Biotg Do.
Onk USFWS rAmmuic vican indudes wnhits and assigns thern a Yalu eqiW w wo-half of &c Iowa CRI, dcuzipdvt
sudstics = calculated only when 50% w mn of the n*es = bim

BCRL w BeIOW Oftaed Mpardq IiMiL M& value varied for differtut I&W and in different years.
MA - Not spocable.
NC = Number of desections was less dm 50% of dw sample size and a mean was = calculawA



Table 5.1.9 Memury Statistical Results for Twe=W Spedes Sampled for CUP, 1998 to 1990* Pase 4 of 8

Minumm Mccimm USFWS USFWS USFWS
Tow# ToW 0 Dracmi Detecoad Gamoraic Ocomatic Ommuic
of Ifits of Samples Come (uW Cocc (u&W bbno* Vadam,00 Sid Dev"

MOIR - kwl&
C3V-BSA 1 0 5 BCRL DCRL NA NA NA

2 0 7 BCRL DCRL NA NA NA
3 0 4 BCRL BCRL NA NA NA
5 0 8 BcItL BCRL NA NA NA

11 0 1 BCRL BCRL NA NA NA
22 0 2 BCRL ECRL NA NA NA

All RMA CUP-BSAS 0 27 BCRL DCRL NA NA NA
conad 0 10 BCRL BCRL NA NA NA

LASE - %Qd I==
Oe-BSA 1 0 7 BCRL DCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA
3 0 2 BCRL BCRL NA NA NA
4 0 3 BCRL BCRL NA NA NA
5 0 1 DCRL BCRL NA NA NA

All RMA CW-BSAs 0 14 BCRL BCRL NA NA NA
Control 0 3 BCRL BCRL NA NA NA

ODHE - mde dea
Muscle

CMP-BSA 1 0 1 BCRL BCRL NA NA NA
3 0 1 BCRL BCRL NA NA NA
4 0 1 DCRL DCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
AD RMA CMP-BSAS 0 4 BCRL BCRL NA NA NA
Control 0 1 BCRL BCRL NA NA NA

Liver
Che-BSA 1 0 1 BCRL BCRL NA NA NA

3 0 1 BCRL BCRL NA NA NA
4 0 1 BCRL BCRL NA NA NA

RMA FAR 0 1 BCRL BCRL NA NA NA
AS RMA CMP-BSAs 0 4 BCRL BCRL NA NA NA
Control 0 1 BCRL BCRL NA NA NA

AD Samples
CMOP-BSA 1 0 2 BCRL BCRL NA NA NA

3 0 2 BCRL BCRL NA NA NA
4 0 2 BCRL BCRL NA NA NA

RMAFAR 0 2 BCRL BCRL NA NA NA
AD RMA CW-BSAS 0 8 BCRL BCRL NA NA NA
Control 0 2 BCRL BCRL NA NA NA

OThis table inowporaw all available dau for all Samoa Ontentional and forculums) analyzed mWer the Biota CIO.
**The USFWS geornecic mcm Includics nonhics and assigns them a value equal vD one-half of die lower CRI.- descriptive
Mdsdo art calculated only when 50% or mom of the UMVICI an hiM.

BCRL a Below cerdried reporting liffdL 7bis value vatied for diffirent labs and in different y"M
NA n Not applicablL
NC a N=6c; of detections was Im than 50% of the ample sin ad a mcan wu not cgcW&vA



Table 5.1-9 McMUrY StAtigical RenIts for Tarewisl Spedes Sampled for CUP, 1988 to 1990* Page 5 of 8

unimum bbsbacm tMMS USFWS USFWS
TOW# TGW # DswaW ZWocad Owmadc Owmadc GsamsWc

of Ift ctSu*w Cone 4" Cwc ftW Mean" VW=w" SW Day"

ODVI - whim-Od dw
Muick

CUP-BSA 5 0 2 VCRL BCRL MA NA NA
RULAFAR 0 1 BCRL DCRL NA KA NA
RMANEAR 0 3 BCRL am NA NA NA

AS RULA CM7-BSAs 0 6 BCRL BCRL NA NA NA
Cound 0 5 BCRL BM NA NA NA

Uver
CUP-BSA 5 0 2 BCRL BCRL NA NA NA

RMAFAR 0 1 BCRL BCRL NA NA NA
RMA NEAR 0 3 SM BCRL NA NA NA

AD RULA 00-BSAS 0 6 BM BCRL NA NA NA
CDOW 0 5 BCRL BCRL NA NA NA

All Samples
CMP-BSA 5 0 4 BCRL BCRL NA NA NA

RMA FAR 0 2 BCRL DCRL NA NA KA
RMA NEAR 0 6 BCRL BCRL NA NA NA

AD RMA Oe-BSAS 0 22 BCRL BCRL NA NA NA
Conlrd 0 10 BCRL BCRL NA NA NA

CMP-BSA 1 6 6 &OS86 0.141 M0906 1.15 1.45

2 5 7 0.0550 0.103 a0528 1.45 1.94

3 3 7 0.0474 0.0689 NC NC NC
4 3 5 aO621 0.132 aD493 1.76 2.12

5 8 13 QOS34 0.169 M87 IM 1.95
11 1 4 0.0519 Q0519 NC NC NC
12 3 3 &05% 0.1" 0.0996 L23 1.58
13 4 6 aO534 0.0971 Q0493 1.43 1.82

AD RMA CMP-BSAs 33 51 0.0474 0.169 0.0508 UD 1.89

contrw 2 12 &0561 Q0595 NC Nc NC

PEMA - dect mouse
CMP-BSA 1 2 25 0.123 0.807 NC NC NC

2 1 14 t0579 a0579 NC NC NC
3 0 11 BCRL BCRL NA NA NA
4 0 10 BCRL BCRL NA NA NA
5 1 is 0.107 0.107 NC NC NC

I 1 0 6 BCRL BCRL NA NA NA
12 1 4 0338 0.338 NC Nc NC

AD RULA C30-BSAS 5 75 &0579 Law NC NC NC

Coand 2 is Q0563 &0641 NC Nc NC

07'his WAe incerpxzw &U av&U" dam for &U anots Ontendand and fwWwu) andy=d suder *e Biou CUP.
Oern USFVS pomeuic men indudes son1d9s and atftns dwn a wdue equd ID one-Wof ibc kmw CRL; ducz#dve

stWida am esicid&W only wben 50% or mn of the umples am his.

BM n Bdow cwtW repating HmiL Tbis value vaied for diffaw IW* wW in dfievent yesm

NA a Not applicable.

NC = Number of detacdcas wn less Om 50% of &ht nff* min and a mean wu M cdcuktrA



Table 5.1-9 Mcmury Statistical Resub for Teffe=W Sp=W Sampled for CUP, 1988 tD 19900 Page 6 Of 8

MWMIM maimuzo usFWs u3FWS usFWS

TOW f TOW 0 DONCW DMCW Osmotic OGMWWC Ovocumde

of So of gmqiu Come WW Come 04V Wkwoo VoksoOO Sd Dow"

PHCO-*WM
Droned carcus

CWP-BSA 2 2. to W06 W22 NC NC NC
3 0 5 BCRL am NA NA NA
4 0 1 SCRL sm NA NA NA

5 0 10 BCRL BM NA NA NA
11 0 3 BCRL DCRL MA KA NA

RULAM 0 6 am BCRL NA NA NA

RMANEAR 0 6 SM BCRL NA NA NA

ARRMACUIP-BSAS 2 41 0.106 0.122 NC NC NC

CAM01 0 13 BM DCRL NA NA NA

uVer
CUP-BSA 2 0 4 BCRL BCRL NA NA NA

3 0 4 BCRL BCRL NA NA NA

5 0 7 BCRL BCRL NA NA NA

RMAFAR 0 6 BCRL BCRL NA NA NA

RMA NFAR 0 2 BCRL BCRL NA NA NA

All RMA 00-BSAS 0 23 BCRL BCRL NA NA NA

Control 0 9 BCRL 5CRL NA NA NA

All SwTles
CUP-BSA 2 2 14 0.106 0.122 NC. NC NC

3 0 9 DCRL BCRL NA NA MA

4 0 1 BCRL BCRL NA NA NA

5 0 17 BCRL BCRL NA NA NA

11 0 3 BCRL DCRL NA NA NA

RULA FAR 0 12 BCRL BM NA NA NA

RMA NEAR 0 8 DCRL BCRL NA NA NA

AD RMA CMP-BSAs 2 64 0.106 0.122 NC NC NC

control 0 22 BCRL BCRL NA NA NA

PD& - bWlsmkc (PORTMOUS)
RMA NEAR 0 1 BCRL BCRL NA NA NA

PIPI - bluk-bMed MU" CPORTUrrOUS)
CUP-BSA 13 0 1 BCRL BCRL NA NA NA

SM - tidnoen-Hoed pound sqd=1
CUP-BSA 1 0 1 BCRL BCRL NA NA NA

2 0 1 BCRL BCRL NA NA NA

All RMA CUP-BSAS 0 2 BCRL BCRL NA NA NA

VM -wanus MNAOWIA*
C3e-BSA 2 0 1 DCRL sm NA NA NA

5 0 2 BCRL BCRL NA MA NA

12 0 10 sm DCM NA NA NA

AD RMA CMP-BSAs 0 5 BCRL sm NA NA NA

C=Ud
I= - voicto madowIN& CPORTMTOUS)

CWP-BSA 2 0 1 sm BCRL NA NA NA

12 0 1 BCRL sm NA NA NA

AR RMA CMP-BSAS 0 2 BCRL BM MA NA NA

NrVU - nuft CMRU=US)
CWP-BSA 13 1 1 tom CAM M0477 NA NA

OrWs WAc jn=p=w all av&Ua* dam for AU samples Onactional and fausitous) analyzed unft tbe Buft CW.

00ru USFWS goottictric men indudes sonhits and udgns theta a valve eqxW In owbalf of die Iowa CRL,- ducriptivt

miLsda am calculated only when 50% or mort of ibe, n*es an his.
SCRL a Below cutfied aportims HrdL Mds value, xied for diffacut IaW and in dflaut yean.

NA a Not applicable.
NC a Numba of dowdons was Icu dw 50% of do sample sta and a mum was not calculated



TableS.1-9 Menury Sladstical Resulls for Tefftstrial Spedes Sampled for CUP, 1988 to 19900 Page 7 of 8

IM"6n"M M"ham" USFWS VSFWS USFWS

TOCII # Total # Dm=d Dracted Ovismeldc 060staddo Goomettic
of Mts of Samplas Conc OWS) Couc (Ag/j) Wian** VabnosOO Bid Day-

SYAV-debertootIMM&
Dressed c=--s
CUP-BSA 1 0 3 DCRL SCRL NA NA NA

2 0 2 DCRL BM MA NA NA
3 0 2 BCRL BCRL NA NA NA
5 0 4 BCRL DCRL NA NA NA

AD RMA CMP-BSAI 0 11 BM DCRL NA NA NA
Control 0 4 BCRL DCRL NA NA NA

muscle
CMP-BSA 1 0 2 BCRL DCRL NA NA NA

liver
CUP-BSA 1 0 3 DCRL BCRL NA NA NA

All Samples
CUP-BSA 1 0 8 BCRL BCRL NA NA NA

2 0 2 BCRL BCRL NA NA NA
3 0 2 ECRL BCRL NA NA NA
5 0 4 SCRL DCRL NA NA NA

AD RMA CUF-BSAs 0 16 BCRL BCRL NA NA NA
control 0 4 BCRL BCRL NA NA NA

SYAU - dam comontal], (IRMUNOUS)
muscle

CMP-BSA 1 0 1 BCRL DCRL NA NA NA
liver

CMP-BSA 1 0 1 BCRL BCRL NA NA NA
AD Samples

CW-BSA 1 0 2 BCRL DCRL NA NA NA

TATA - badja (PORTLMDUS)
Muscle

CUP-BSA 1 0 1 BCRL BCRL NA NA NA
liver

CUP-BSA 1 0 1 BCRL BCRL NA NA NA
Brain
CW-BSA 1 0 1 BCRL BCRL NA NA NA

Fat
CUP-BSA 1 0 1 BCRL BCRL NA NA NA

Solid stomach coments
CMP-BSA 1 0 1 DCRL BCRL NA NA NA

LIquid somach nts
CW-BSA 1 0 1 BCRL BCRL NA NA NA

All Samples
CMP-BSA 1 0 6 BCRL DCRL NA NA NA

*Mds Wge incorporates all available dau for all samples Ontentional and fortuitous) analyzed under the Diola CUP.
**The USFWS geometric mean includes anlits and assigns Own a value equal to owhalf of die lower CRL.- desciptive

SlIdStiC3 We calculated Only When 50% Or MOM Of " SUMI" Me hiU-

DCRL a Bdow calified rtpwft HmiL Tlds value varied for different labs and in differtut years.

NA - Not applicabl&
NC a Numkw of detections was ku dm W% of de sample size and a mean was not calculated.



Table 5.1-9 Memury Statisdcal Resulm for Terrestrial Species Sampled for CMIP, 1988 to 1990* Page 8 of 8

MA=m Maimun USFWS USFWS USFWS

TOW Tow# Devoted Dewcod Oemmaic Cko=uic Oý Wc

of Ifits of S=qgu Cmc (ugfg) Cm (u&W W6m" Voince" Sid Da**

7LM - Amcdcast U&D CPORTLnMUS)
Dmssed cams
Chg-BSA 13 1 6 Q0623 060623 NC NC NC

ZEMA - mom=Wg don
C)e-BSA 1 0 11 BCRL BCRL NA NA NA

2 0 13 BCRL BCRL NA NA NA
3 0 11 BCP.L BCItL NA NA NA
4 0 16 BCRL BCRL NA NA NA
5 0 10 BCRL BCRL NA NA NA
I 1 0 1 BCRL BCRL NA NA NA
12 0 3 BCRL BCRL NA NA NA

RMA NEAR 0 3 BCRL BCRL NA NA NA
AD RMA CMP-BSAs 0 68 BCRL BCRL NA NA NA
Control 0 10 BCRL BCRL NA NA NA

2EMA - moumiq dove (FOR7=US)
CNV-BSA 13 1 4 0.400 0.400 NC NC NC

*This table incorporates all available data for all sarnples (intentional and fortuitous) analyzed under the Biota CM?.

**The USFWS geometric mean includes nonhits and assigns them a value equal to one-half of the lower CRL,- descriptive

statistics art calculated only when 50% or mom of the samples are hits.
BCRL a Below cerdfied reporting limit. This value varied for different labs and in different years.
NA a Not applicable.
NC a Number of detections was less than 50% of the sample sin and a mum was not calculate&



Pages TABLE 5. 1- 10 through TABLE 5.1-17 are missing from the original.



Table 5.1-18 AkIrin Statistical Results for Aquatic Species S=pled for CUP, 1998 to 1990* Page I of 3

bGsimm M-rh- USFWS USFWS USFWS

TOW # Total # DavcW Deacad Oexamda GoomrWe CWocnetdc

of Flits of Sauples Cwc (" Cone WW bba** Vadmice" 5d Der"

AMMY-nIamaadwOMTLMDUS)
CUP-BSA 2 2 2 02M M413 0293 L27 L62

ANDI - biwsiged ftd
DxasW Cams

CMP-BSA 10 0 4 BCRL SM NA NA NA

All RMA CMP-BSA5 0 4 BCRL am NA NA NA
Control 0 5 BCRL am NA NA NA

ANFL-nallad
Dressed Cums
CUP-BSA 10 1 13 0.0934 0.0934 NC NC NC
AD RMA CMP-BSAs 1 13 MM4 QM4 NC NC NC
Control 0 11 BCRL BCRL NA NA NA

Uva
CUP-BSA 10 0 9 BCRL BCRL NA NA NA
AD RULA CW-BSAs 0 9 BCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA NA

AD SUMICS
00-BSA 10 1 22 O.M4 O.M4 NC NC NC

Ar RULA CMP-BSAs 1 22 0.0934 O.M4 NC NC NC
control 0 16 BCRL BCRL NA NA NA

CEDB-ooontsil
CUP-BSA 6 0 7 BCRL BCRL NA NA KA

7 0 6 BCRL BCRL NA NA NA
All RMA CMP-BSAs 0 13 BCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA NA

CHVO. IM11A
CMP-BSA 5 0 5 BCRL BCRL NA NA NA

6 0 3 ICRL BCRL NA NA NA
8 0 2 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 10 BCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA MA

ESLU - northem Film
CMP-BSA 7 0 3 BCRL BCRL NA NA NA

8 0 4 BCRL BCRL NA NA NA
All RMA CMP-BSAs 0 7 BCRL BCRL NA NA NA
control 0 10 BCRL BCRL NA NA NA

PUAM-Amedosucoat
00-BSA 6 0 4 BM BCRL NA NA NA

7 1 8 Q0658 M0658 NC NC NC
9 0 1 SM BM NA NA NA

All RMA CUP-BSAs 1 13 0.0658 &0658 NC NC NC
Control 0 15 BCRL BCRL NA NA NA

*Mds table iwap=tes all av"It dea for all samples (tatcational and fortuitous) angyzW unda dw Biota CW.
**Tw USFVS geomotdc mean includes nonhits and assigns them a value equal ID one-half of the lower CRI,- descriptive
statistics we cdcd&W only when 50% or mom of the sa*cs an hits.

BCRL w Below mtfitd repordng limit. This value va:W for diffirent labs and in Matnt years.
NA = Not applicable.
NC a Number of deumdons was less than 50% of the sarn* aLm and a mun was so colculateL



T&bje 5. 1.18 Akirin SmdWcal Restllts for Aquadc Spedes S=pled for CM?, 1998 to 1990* Page 2 of 3

MrAmm" Mxxim= USFWS USFWS USFWS

TOW # Total # DOMW Deacted Ommuic, 0monstdc Owsnetzic

of ISO of Samples Cont (WS) Coac; (Wg) Ussn" Vadance" 3d Dev**

ICNE and ICMB - bWlb&W
Whole, body
CIO-BSA 6 0 1 BCRL BCRL NA NA NA

8 0 10 BCRL SM MA NA NA

A]IRMAOV-BSAi 0 11 SM BCRL NA NA NA

Contral 0 9 BCRL BM NA NA NA
Composite

C)O-BSA 10 3 5 OL01% OAM 0.0173 2.73 2.72

AD RMA CIO-BSAs 3 5 0.0196 0.0673 M0173 2.73 172

Control 0 2 BCRL BCRL NA NA NA

AD Samples
CIv1P-BSA 6 0 1 BCRL BCRL NA NA NA

1 0 10 BCRL BCRL NA NA NA

10 3 5 0.01% OL0673 0.0173 2.73 2.72

AD RMA CMP-BSAs 3 16 0.01% 0.0673 NC NC NC

Control 0 11 DCRL BCRL NA NA NA

KFU - chumel clafia
CMP-BSA 6 0 12 BCRL BCRL NA NA NA

All RMA CW-BSAs 0 12 BCRL DCRL NA NA NA

Control 0 15 BCRL BCRL NA NA NA

LMAA - bluegill
Whole body
CIO-BSA 6 0 10 BCRL BCRL NA NA NA

7 0 14 BCRL BCRL NA NA NA

8 0 15 BCRL BCRL NA NA NA

All RMA CW-BSAs 0 39 BCRL BCRL NA NA NA

Control 0 14 BCRL BCRL NA NA NA

composite
CMF-BSA 6 0 5 BCRL BCRL NA NA NA

7 0 1 BCRL BCRL NA NA NA

All RMA CPO-BSAs 0 6 BCRL BCRL NA NA NA

All Samples
CMP-BSA 6 0 15 BCRL BCRL NA NA NA

7 0 15 BCRL BCRL NA NA NA

8 0 15 BCRL BCRL NA NA NA

All RMA C)dP-BSAs 0 45 BCRL BCRL NA NA NA

Control 0 14 BCRL BCRL NA NA NA

&M -UMmout bus
CMP-BSA 6 0 14 BCRL BM NA NA NA

7 0 15 BCRL BCRL NA NA NA

1 0 15 BCRL BCRL NA NA NA

AD RMA CMP-BSAz 0 44 BCRL BCRL NA NA NA

Control 0 15 BCRL BCRL NA - NA NA

PUN-vianksm
Oe-BSA 6 0 10 BCRL BCRL NA NA NA

7 0 10 BCRL BCRL NA NA NA
8 0 10 BCRL BCRL NA NA NA

AD RMA 00-BSAs 0 30 BCRL SM NA NA NA
Conud 0 10 BCRL BCRL NA NA NA

*Tdi table inccprPmves; all available dam for all samples; (intentional and fortuitous) analyzed under the Biota CMP.

**The USFWS geometric mem includes nonhits and assigns them a Valut equal to one-half of the lower OU, descriptive

statistics am calculated only whn 50% or mom of the simple$ am hils.
BCRL a Below cerdfied repairling limit. This value varied for diffaut labs and in diffemnt years.
NA z Not applicable.
NC a Number of detections was less than 50% of ft ssmplcýsize and a mean was not calculated.



Table 5.1-18 Aldrin Statistical Results for Aquatic Species Sampled for CW , 1988 to 1990* Page 3 of 3

MrA-- Mmimorct USFWS USFWS 1LISFWS

Total # Total # Detected Detected Goozottric Goomtdc Goomuk

of Hin of Samples Coot (ug1g) Conc (Wg) b1m*$ Vaziwoe" Std Dry**

POND - AM== Poodweed
CMP-BSA 6 0 8 BCRL BCRL NA NA NA

7 0 8 BCRL BCRL NA NA NA
1 0 9 BCRL BCRL NA NA NA

AD RMA OdP-BSAs 0 24 BCRL BCRL NA NA NA
control 0 10 BCRL BCRL NA NA NA

POPE - sap pocidweed
CMP-BSA 6 0 6 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA
8 0 6 BCRL BCRL NA NA NA
9 0 4 BCRL BCRL NA NA NA

AD RMA 00-BSAS 0 22 SCRL BCRL NA NA NA

control 0 10 BCRL BCRL NA NA NA

*7bis table incorporates all available dam for all samples (intentional and fortuitous) analyzed under the Biota CW.

**The USFWS geometric mean includes nonhits and assigns them a value equal to one-half of the lower CRL, descriptive

statistics an calculated only when 50% or more of the samples art hits.
BML a Below catified reporting limit. This value varied for different labs and in different years.

NA a Not applicable.
NC z Number of detections was less than 50% of ft sample size and a mean was not calculated.



Table 5.1-19 Dieldrin Statistical Results for Aquatic Spedes Sampled for CUP. 1988 to 1990* Page I of 3

)dLvjnm tIM S USFWS USFWS
TOW # TOW # De DeNOW CWomettic Geomv* Geomettic
of So of Samples Can him** Vatism- Sid Dev-0

AJOY-alamader(PORTUrrOUS)
CIO-BSA 2 2 2 250 4.0D 3.16 L12 139

ANDI - Ma"inged ad
Dressed Carms

CWP_BSA 10 4 4 0= M 0349 L24 IJ9

All RMA CUP-BSAs 4 4 0.204 DMI 0349 L24 lig
Contra 0 5 BCRL BCRL NA NA NA

ANPL-millud
Dwaad Carcan
00-BSA 10 is is CLO697 4.20 0.398 4.59 3."
AD RMA CUP-BSAs 15 15 0.0697 4.20 0399 459 3."
Contra 0 11 BCRL BCRL NA NA KA

Uva
CUP-BSA 10 10 10 0.179 U0 0-516 L53 1.92
AD RMA CMP-BSAs 20 10 0.179 "o DM6 U3 1.92
Contra 0 5 BCRL BCRL NA NA NA

AD Samples
CUP-BSA 10 25 25 0.0697 4.20 0.441 190 191

All RMA CUP-BSA$ 25 25 0.0697 4.20 0."1 2.90 2.91
Contra 0 16 BCRL BCRL NA NA NA

CEDE -commil
CUP-BSA 6 0 7 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA

AD RULA CUP-BSAs 0 13 BCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA NA

CHVO. IRTIA
CUP-BSA 5 5 5 0.920 6.80 2-34 1.81 2.16

6 3 3 0.895 1.37 1.07 1.05 1.25
8 2 2 0.154 1.14 0.419 7.42 4.12

All RMA CMP-BSAs 10 10 0.154 6.80 131 2.68 170
Control 0 5 BCRL BCRL NA NA NA

Mu - =tb= PUM
CUP-BSA 7 2 3 0.242 0293 0.142 3.07 2.88

8 4 4 02M 0.273 0.= IM 1.14

AD RMA CUP-BSAs 6 7 0= 0.283 0.195 1.56 1.95
Contra 0 10 BCRL BCRL NA NA NA

PUAM-Amcdcancoot
CUP-BSA 6 5 5 &02D2 0301 0.lM 2.70 2.71

7 11 11 0.0735 0= Wn L12 1.41
9 0 1 BCRL BCRL MA NA NA
20 1 1 0.110 0.110 0.110 NA NA

All RULA C3e-BSAz 17 is 0.0= 0301 M112 1.45 1.94
Contra 0 15 BCRL BCRL NA NA NA

07bis able incorpmates all avaUble dWA for all samples Ontentictial and fortuitous) ngyzed under the Biots Chg.
O*Mw USFWS goomeAdc mun includes nouhts and uigns them a value equal ID one-Mllof die lower CPJ.- descriptive
sudstics = calculated only wben 50% or more of do amples an hils.

BCRL u Below cadfied n7orting limit. Tab valoevaded for different I&W and in dflatnt years.
NA a Not applicable.
NC a Number of daections wa lus dm 50% of The wn* size and a mean wu not cdculated



Table 5.1-19 Dieldrin Statistical Results for Aquatic Species Sampled for CW , 1988 to 19900 Page 2 of 3

Afinimm ML%iM= USFWS UNWS USFWS
TOW # Tctd# Deocad Deftcad Owtattdc Goommde Cleanaettic
of So of Sampla Caac (ug1g) Cont; (ugfg) Mrimee Vsds=*O Sid Dev**

ICNE aW IOM - bullhead
Whole body
CMP-BSA. 6 1 1 0.155 0.155 0.155 NA NA

1 3 10 0.0350 OM NC NC NC
AD RMA CUP-DSAs 4 11 M0350 020 NC NC NC
Central 0 9 BCRL 3CRL NA NA NA

Carriposite
CMP-BSA 10 5 5 M05 02Q M55 1.09 1.34
All RULA CUP.BSAs 5 5 0.105 0-M 0.155 1.09 1.34
control 0 2 JIM BCRL NA NA NA

AD Samples
CUP-BSA 6 1 1 0.155 0.155 0.155 NA NA

a 3 10 0.0350 020 NC NC NC
10 5 5 0.105 020 0.155 1.09 1.34

All RMA 00-BSAS 9 16 0.0350 0295 &0571 3.77 3.17
control 0 11 BCRL BCRL NA NA NA

XPU - dannel GIVXA
CUP-BSA 6 9 12 Q0301 0.618 M0682 10.4 4.62

AD RMA CMP-BSAs 9 12 M0301 "is M0692 10.4 4.62
Control 0 15 BCRL BcltL NA NA NA

LEMA - blutzill
Whole body

CUP-BSA 6 2 10 Q0194 M0258 NC NC NC
7 14 14 QM03 0.515 0.109 184 2.78
8 12 15 Q0348 0.444 &0902 7.77 4.19

AD RMA CUIP-BSAs 28 39 0.0194 0.515 0.0653 5.07 3.58
Control 0 14 BCRL BCRL NA NA NA

Composite
CUP-BSA 6 0 5 BCRL BCRL NA NA NA

7 1 1 =09 M0209 0.0209 NA NA
All RMA CMP-BSAs 1 6 0.0209 0.0209 NC NC NC

All Samples
CUP-BSA 6 2 is 0.0194 QM58 NC NC NC

7 15 is aO2O3 0.515 V978 3.16 2.92
8 12 15 Q0348 0.444 Q0802 7.77 4.19

All RMA CMP-BSAs 29 45 0.0194 0.515 Q0511 6.15 3.85
Central 0 14 BCRL BCRL NA NA NA

NSA - Wletonth bus
CMP-BSA 6 9 14 M0199 OM CLO309 2.33 251

7 13 is Q0429 M779 0.108 MO 3.06
8 14 14 QM16 0394 O.IM zoo 2.30

AD RMA CUP-BSAs 36 43 Lol" 0.778 Q0704 3.43 3.03
Control 0 25 BM JIM NA NA NA

PLAN - pboltiva
CMP-BSA 6 0 10 DCM BCRL NA NA NA

7 0 10 BCRL BCRL NA NA NA
1 0 10 BM BCRL NA MA NA

AD RMA CUP-BSAa 0 30 BCRL BCRL NA NA NA
Control 0 10 BCRL BCRL NA NA NA

ornis wgg incorporates; all avail" dam for all samples (intentional and fiartuitow) analyzed under the Meta CUP.
*One USFWS scomettic man Includes nonkt; and usiVu th= a value equal in MeAdf of the lower CRL, descriptive
statistics are calculated only when 50% or M= of the Samples are hits.

BCRL a Below certified reporting limit. 7bis value varied for dMarent labs and in Maeut years.
NA a Not applicable.
NC z Number of detections was less than 50% of the sarnple size and a mean was not calculated.



Table 5.1-19 Dieldrin Statistical Resufts for Aquadc Spedes Sampled for CUP, 1988 to 1990* Page 3 of 3

Minimum USFWS USFWS USFWS
TOW # Towlt DrwAW Dewcad Owwwric Gw=Wc Owcoattic
of Hits of Sampla Cone (Vg) Conc: (ugl&) WwOO Va&=** Sid Dev**

POND -Asuctican pmdweed
OdP-BSA 6 0 8 BCRL BCRL NA NA NA

7 0 8 BCRL BCRL NA NA NA
8 0 2 BCRL BCRL NA NA NA

All RMA CMP.BSAs 0 24 BCRL BCRL NA NA NA
Control 0 10 BCRL BCRL NA NA NA

PM - sago ptsodweed
Oe-BSA 6 0 6 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA

8 0 6 BCRL BCRL NA NA NA

9 0 4 BCRL BCRL NA NA NA

All RMA CUP-BSAs 0 22 BCRL BCRL NA NA NA

control 0 10 BCRL BCRL NA NA NA

07kiz table inccaporates all available data for all samples (intentional and fortuitous) analyzed under the Biota CNIP.

**Tbe USFWS georneuic mm includes nonhits and assigns d= a value equal to one-half of the lower CRI4 descriptive

statistics we calculated only when 50% at more of the sa*ts at hits.

BCRL a Below certified reporting HmiL This value vaied for diffacut labs and in different years.

NA x Not applicable.
NC a Number of detections was less dm 50% of dw sample zize and a mean was riot calculated



Table 5.1-20 Endrin Statistical Results for Aquatic Species Sampled for CMP, 1988 to 1990* Page I of 3

lfinim= Maximum USFWS USFWS USFWS
Total # ToW # Detected Detected Geoccodc Geccocodc Gecenettic

of Fate ofsano" Cow(ugfs) Coneft/S) Wlen** Vesiance" SidDgv**

AMBY - salamander CFORTUrMUS)
CUP-BSA 2 2 2 0540 LOD 0.735 L21 lis

ANDI-blue-viAtedual
Dmued Cams
CUP-BSA 10 0- 4 BCRL BCRL NA NA NA

A]IRMAOO-BSAS 0 4 BM BCRL NA MA NA
CMW 0 5 BCRL SCRL MA NA NA

ANFL - -- mard
Dressed Cams

CM?-BSA ID I is 0.104 Q104 NC NC NC

All RMA CMP-BSAs 1 15 M104 0.104 NC NC NC

Control 0 11 DCRL DCRL NA NA NA

Liver
CUP-BSA 10 0 10 BCRL BCRL NA NA NA

All RULA CUP-BSAs 0 10 BCRL BCRL NA NA NA

Control 0 5 BCRL BCRL NA NA NA

AD Sarmles
CIR-BSA 10 1 25 0.104 0.104 NC NC NC

AD RMA CW-BSAs 1 25 0.104 0.104 NC NC NC

Control 0 16 BCRL BCRL NA NA NA,

CEDE - cocictill
Cie-BSA 6 0 7 BCRL DCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA

All RMA CU1P-BSAs 0 13 BCRL BCRL NA NA NA

Control 0 5 BCRL BCRL NA NA NA

CHVO. 1,11A
CUP-BSA 5 2 5 0.0961 0.101 NC NC NC

6 3 3 0.0714 0.195 0.111 1.30 1.67

8 0 2 BCRL BCRL NA NA NA

AD RMA CW-BSAs 5 10 0.0714 0.195 CLOS43 2.71 2.71

Control 0 5 BCRL BCRL NA NA NA

ESLU - urthcra pike
CUP-BSA 7 0 3 BCRL BCRL NA NA NA

8 0 4 BCRL BCRL NA NA NA

All RMA CW-BSAs 0 7 BCRL BCRL NA NA NA

Control 0 10 BCRL BCRL NA NA NA

FUAM - Ametican am
CIO-BSA 6 0 5 DCRL BM NA NA NA

7 1 11 0.135 0.135 NC NC NC

9 0 1 DCRL DCRL NA KA NA

10 0 1 BCRL DCRL NA NA NA

All RMA 00-BSAS I is 0.135 0.135 NC NC NC

Control 0 15 BCRL BCRL NA NA NA

*7bs table ir=pom= all available dam for All samples (tatentional ad lbetultocs) analyzed under the Biota Cie.

**Tw USFWS pornettic mean includes nouMts and assigns them a value equal to coo-balf of dw Imm 014 descriptive

statistics we calculated only when 50% or nxn of the sarmlet am bin.

BCRL a Below cadded MpMling liMiL IAiS TA1119 YEW for dffertet labs and in different years.

NA z Not applicable.
NC a Number of detwdm was less than 50% of the temple Aze and a mean was not calculatrA



Table 5.1-20 Endrin Statistical Results for Aquatic Species Sampled for CUP, 1998 to 1990* Page 2 of 3

hfidw= ML%tm= USFWS USFWS USFWS
TOW # Tod # Detected Dameted Owwwc Gownezzic 0 tu
of Ifits of Samples Cmc(ugfg) Conc(ugfs) MIMOO Vadance** SwDev"

KM and IChdB - bdUVAd

Whole body
CUP-BSA 6 0 1 BCRL ZCRL NA NA KA

8 1 20 Q0791 (LO"I NC NC NC
All RMA CMIP-BSAs 1 11 0.0791 Q0791 NC NC NC
Contra 0 9 BM BCRL MA KA NA

Composite
CUP-BSA 10 0 5 BCRL BCRL NA NA NA
AD RMA 00-BSAS 0 5 BCRL BCRL NA NA NA
Contra 0 2 BCRL BCRL NA MA NA

AD Samples
CMP-BSA 6 0 1 BCRL DCRL NA NA NA

8 1 10 &0791 0.0791 NC NC NC
10 0 5 BCRL BCRL NA NA NA

All RMA CMP-BSAs 1 16 &0791 0.0791 NC NC NC
Contra 0 11 BCRL BCRL NA NA NA

lc:pu. Channel rArRah

CUP-BSA 6 1 12 0.101 0.101 NC NC NC

All RMA CMP-BSAs 1 12 0.101 0.101 NC NC NC
control 0 15 BCRL BCRL NA NA NA

LEMA - bluegill
Whole body
CUP-BSA 6 0 20 BCRL BCRL NA NA NA

7 0 14 BCRL BCRL NA NA NA
8 1 15 0.0976 tO976 NC NC NC

AD RMA C?dP-BSAs 1 39 0.0976 0.0976 NC NC NC
Control 0 14 BCRL BCRL NA NA NA

Composite
CW-BSA 6 0 5 BCRL BCRL NA NA KA

7 0 1 BCRL BCRL NA NA NA
AM RMA CMP-BSAs 0 6 BCRL BCRL NA NA NA

All Samples
CUP-BSA 6 0 15 BCRL BCRL NA NA NA

7 0 15 BCRL BCRL NA NA NA
8 1 25 0.0976 0.0976 NC NC NC

AD RMA CMP-BSAs 1 45 aO976 0.0976 NC NC NC
Control 0 14 BCRL BCRL NA NA NA

bM - Wgcm=tb bass
CMP-BSA 6 1 14 0.0518 Q0518 NC NC NC

7 1 15 0.0478 &0478 NC NC NC
8 0 25 BCRL 9CM NA NA NA

AD RMA CUP-BSAs 2 44 0.0479 &OSIS NC NC NC
Contra 0 15 BCRL BCRL KA NA NA

PLAN-vi-ban
CMP-BSA 6 0 10 BM BM NA NA NA

7 0 20 BCRL BCRL NA NA MA
8 0 10 BCRL BCRL NA MA NA

All RMA CMP-BSAs 0 30 BCRL BCRL NA KA NA
Contra 0 10 BCRL BCRL NA NA NA

Olbs table incorpmates all availlable data for all samples Ontentional and fm=tous) analyzed under the Biots CUIP.
**The USFWS geometric mean includes nonhits and assigns dwn a value equal In oeeýbalf of the lower CPJ.4 descriptive
statistics are calculated only when 5D% or mom of ft samples at Wt.

BCRL = Below certified reporting limit. This value varied for diiler= labs and In diffemitt yeart.
NA a Not applicable.
NC a Number of detecdons was less dw 50% of the, sample size and a mean was not calcuhte&



Table 5.1-20 Endrin Statistical Results for Aquatic Species Sampled for CW. 1988 to 1990* Page 3 of 3

M"ifflum M-X;Mnrn USFWS USFWS USFWS

TOW# TOW Detecud Dewcwd Geormuir. Ommuk 0100=12J.0
of Ifit, of Snon Ccoc WO Cm (ug1g) bkn** Vezina** Sid DWO

POND -Amsimpcadwad
CUP-BSA 6 0 3 BCRL BCRL NA NA NA

7 0 9 BCRL BCRL NA NA NA

1 0 8 BCRL BCRL NA NA NA

AS RMA CMP-BSAs 0 24 BCRL BCRL NA NA NA

Collad 0 10 BCRL BCRL NA NA NA

POPE-upposidwad
CMP-BSA 6 0 6 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA

a 0 6 BCRL BCRL NA NA NA

9 0 4 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 22 BCRL BCRL NA NA NA

Conovi 0 10 BCRL BCRL NA NA NA

*This able incmpmw &U avegable, dau for &U swTles Cin=tioual and fortuitous) artalyzed =der the Biota CN9.

**Tht USFWS Scomevic mean includes nonbits and usigns them a value equal to one.half of the lower CRI, descriptive

swistics art calculated orily when 50% or mort of the suMles are hits.
BCRL a Below certified itpordng lirriL This value varied for different labs and in differtnt yew.

NA a Not applicable.
NC a NwrA= of detecticts was less dm 50% of the surqge size and a men was not calculated.



Table 5.1-21 DDT Statistical Results for Aquatic Species Sampled for CM?, 1988 tD 1990* Page I of 3

bfinimma bhxlm= VSFWS USFWS USFWS
TOW# TOW # DnaW Deacted Owmattio ft Owmettic,

of Ma of Swou Cow (WS) Cow OWS) Wlean** Vaduce"O Sid Der"

AUIBY - MIAMIRWOr CFMTUMUS)
CMP-BSA. 2 1 2 0.124 0.124 OWS 132 1.69

ANDI - bbwvlqW ad
Dressed Carcats
CUP_BSA 10 0 4 BCRL BCRL NA NA NA

AD RMA CUIP-BSAS 0 4 BCRL BM NA NA NA

ccotrd 0 5 BCRL BCRL NA NA NA

ANPL-millard
Dressaid Carcass
CUP-BSA 10 0 15 BCRL BCRL NA NA NA

All RMA CW-BSAF 0 15 BCRL BCRL NA NA NA

coand 0 11 BCRL BCRL NA NA NA

uVer
CWP-BSA 10 0 10 BCRL BCRL NA NA NA

AD RMA CMP-BSAS 0 10 BCRL BCRL NA NA NA

control 0 5 BCRL BCRL NA NA NA

All Sample;
CMP-BSA 10 0 25 BCRL BCRL NA NA NA

AD RMA CW-BSAS 0 25 BCRL BCRL NA MA NA

control 0 16 BCRL SCRL NA KA NA

CEDE-oomug
CUP-BSA 6 0 7 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL KA NA NA

All RMA CUP-BSAs 0 13 BCRL BCRL NA NA NA

Control 0 5 BCRL BCRL NA NA NA

CHVO. WIj
CUP-BSA 5 3 5 0.171 1.03 0.355 3.87 3.20

6 2 3 0.955 1.22 0.425 13.7 5.04

8 0 2 BCRL BCRL NA NA NA

AD RMA CMP-BSAS 5 10 0.171 1.22 0.268 5.66 3.73

Control 0 5 BCRL BCRL NA NA NA

PSLU - Wrthem Pike
CWP.BSA 7 0 3 BCRL BCRL. NA NA NA

8 1 4 0.134 0.134 NC NC NC

AD RMA CMP-BSAs 1 7 0.134 0.134 NC NC NC

Control 0 10 BCRL BCRL NA NA NA

PUAM-Ameticancoot
CUP-BSA 6 0 5 BCRL BCRL NA NA NA

7 1 11 0.569 050 NC NC NC

9 0 1 BCRL BCRL NA NA MA

10 0 1 BCRL BCRL NA NA NA

AD RMA CMP-BSAx I is 0.569 030 NC NC NC
control 0 15 BCRL BCRL NA NA NA

071jis table incorporates all available data for all sarnples (intentional and fortuitous) analyzed under the BWtI CUP.

O*rw USFWS geomettic mean includes nonhits and assigns them &,value equal ID one-half of do lower CRI, dagaiptive

autistic& an cdc&ttd only when 50% or wAn of ft sarnples an hits.
BCRL a Below ontfied mpordag Unit. Mds value varied far diff6rent labs and in differtnt years.

KA = Not applicable.
NC a Number of detactims was Ins than 50% of the sample size and a mean was not calculated



Table5.1-21 DDT Statistical Results for Aquatic Species Sampled for De. 1999 to 1990* Page 2 of 3

MyArmrn bjZdMUM JISFWS USFWS USFWS

TOW TOW # D90OW Delacled Goottottic 0900stdc GOCIZZWO

of an of saz*n cone (ug/8) Cwc (WI) hbo-s Vatinwo, Sid Do"-

XMxwdICMB-bWlhMd
wboubody

CMP4BSA 6 0 1 BCItL BCltL NA NA NA

a 0 10 BCRL BCRL NA NA NA

ARE" 04P-BSAS 0 11 BCRL JIM NA NA NA

Ckmad 0 9 BCRL am NA NA NA

Compods
CMMISA 10 0 5 BCRL BCItL NA NA NA

Al RUA CMP-BSAs 0 5 BCRL BM NA NA NA

COMINd 0 2 BCRL BCItL NA NA NA

Whob body
OdP-BS,A 6 0 1 DCRL BCItL NA NA KA

9 0 10 BCRL BCRL NA NA NA

10 0 5 BCRL SCRL NA NA NA

AIRMA 00-BSA& 0 16 BCRL BCRL NA NA NA

coma 0 11 BCRL BCRL NA NA NA

I=. Cbmanel ýAft%
Cbe-BSA 6 0 12 BCRL BCRL NA NA NA

All RMA CMP-BSAS 0 12 BCRL BCRL NA NA NA

COMW 0 15 BCRL BCRL NA NA NA

TM"-bl=gM
VAmit body

CMP-BSA 6 0 10 BCRL BCltL NA NA NA

7 0 14 BCRL BCRL NA NA NA

a 0 15 BCPL BCRL NA NA NA

Ali RMA Ch(P-BSA$ 0 39 BCRL BCRL NA NA NA

Cowd 0 14 BCRL BCRL NA NA NA

Composite
0&4BSA 6 0 5 BCRL BCRL NA NA NA

7 0 1 BCRL BCRL NA NA NA

All RMA ChIP-B SAS 0 6 BCRL BCRL NA NA NA

AD Samples
Oe-BSA 6 0 15 BCRL BCRL NA NA NA

7 0 15 BCRL BCRL NA NA NA

8 0 15 BCRL BCRL NA NA NA

AN RMA CMP-BSAs 0 45 BCRL BCRL NA NA NA

Cond 0 14 BCRL BCItL NA NA NA

MMA-bqj=mthbus
CW-BSA 6 1 14 0.267 0267 NC NC NC

7 1 is Q299 0.299 NC NC NC

1 1 15 0.1" 0.1" NC NC NC

AS RUA CUP-BSAs 3 44 0.1" 0299 NC NC NC

Cond 0 25 BCRL BM NA NA NA

PLAN-Ii-Ift-
CM"SA 6 0 10 BCRL BM NA NA NA

7 0 10 BCRL BM NA NA NA

8 0 10 BCRL BM NA NA NA

All RUA CMP-BSAs 0 30 BCRL DCRL NA NA NA

Cowd 0 10 BCRL BCRL NA NA NA

orstis wAt incorpmm all available dam for all samples CmtmtiaW and fortuitous) analyzed under the Biota CUP.

**TwUSFWS geometric mean includes Doultits and assigns them a value equai to ow-MI of the love, CFJ. descriptive

sudstics we calculated only when 50% or mom of LIM samples an hils.
BCItL. Below wrdW reporting limii. Mds value vwied for different labs and in different years.

NA Not apocable.
NC N=bcr of detoctions was less than 50% of the sample size and a men was not calculatr4



TaWe5.1-21 DDT Statistical Results for Aquatic Species Sunpled for Chg. 1988 to 19900 Page 3 of 3

)a== 16==m USFWS USFWS USFWS

TGW# Total # Damod Deacted Ow=uic 0, - tric Gwmtcie

of sts of sanors coac (nW Cmc (ugW Wkwos Vatiance's St Dcv**

POND -Amcdcan pondwad
0&.BSA 6 0 8 BCRL BCRL NA NA NA

7 0 1 BCRL BCRL NA NA NA

8 0 8 BCRL BCRL NA NA NA

All RMA 00-BSAs 0 24 BCRL BM NA NA NA

coma 0 10 BCRL BCRL NA NA NA

POPE-uppondweed
OdP-BSA 6 0 6 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA

8 0 6 BCRL BCRL MA NA NA

9 0 4 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 22 BCRL BCRL NA NA NA

Control 0 10 BCRL BCRL NA NA NA

07W table inctawrtttes all available dam for all samples (intentional and fortuitous) &rWyzed under the Biota CMP.

**The USFWS geometric mean includes nonhits and assigns them a value equal to one-half of die lower CRL4 descriptive

statistics art calculated only when 5D% or mom of the sar*es art bits.
BCRL a Below certified reporting limit. This value varied for diffatnt labs and in different years.

NA a Not applicable.
NC = Numb= of detections was less than 50% of dc sample size and a mean was not calculated.



Table 5.1-22 DDE Statistical Results for Aquatic Species Sampled for Chp, 1988 to 1990* Page I of 3

WUdM= 14-Iff- USFWS USFWS USFWS
TOINI # Total # Detected Dmand Osomsida OwasWc Owmettic
of Mu of Sampla Come (ug/&) ewe (ug1g) Memo* Vziance** Sid Dev**

AUIBY - alamada (PORTLTMUS)
CUP-BSA 2 0 2 BCRL BCRL NA NA NA

ANDI -biwvbW Wal
Dnssed Carcass
CUP-BSA 10 2 4 alos W27 Q06M 1.77 113
All RMA CUP-BSAs 2 4 0.105 0.127 Q06M 1.77 113
Control 0 5 DCRL BCRL NA NA NA

ANPL - Ymnard
Dressed Cams

CMP-BSA 10 7 15 0.101 OA08 NC NC NC
All RMA CUP-BSAs 7 is 0.101 0.408 NC NC NC
Control 6 11 0.0668 0.146 0.0677 2.15 1.46

Uver
CUP-BSA 10 1 10 0.639 0.638 NC NC NC
AD RULA CMP-BSAs 1 10 0.638 0.638 NC NC NC
Control 0 5 BCRL BCRL NA NA NA

All Samples
CMP-BSA 10 8 25 0.101 0.638 NC NC NC

All RMA CMP-BSAs 9 25 0.101 0.638 NC NC NC
Contol 6 16 Q0669 0.146 NC NC NC

CEDE -coontail
CUP-BSA 6 0 7 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA
AD RULA CUT-BSAs 0 13 BCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA NA

CHVO -killdeer
CUP-BSA 5 5 5 0.883 7.20 3.31 2.03 2.32

6 3 3 Z56 29.8 7.02 4.88 3.52
8 2 2 0293 3.70 IM 27.2 6.16

AD RMA CW-BSAs: 10 10 0.233 28.8 3.28 4.61 3.44
Control 5 5 0.169 0.561 0.250 1.28 1.64

ESLU - zorthern pib
CMP-B SA 7 2 3 0.118 0.430 0.136 3.23 2.95

a 4 4 0.312 0.6M 0.407 1.08 1.32
All RMA CMP-BSAs 6 7 0.118 OAM 0.255 2.16 141
Control 0 10 BCRL BCRL NA NA NA

FUAM -Amcdosz coot
CUP-BSA 6 4 5 0.166 0.241 0.146 2.13 2.39

7 2 11 02M 0359 NC NC NC
9 0 1 BCRL BCRL NA NA NA
10 0 1 BCItL BCRL NA KA NA

AD RMA CUP-BSAs 6 is 0.166 0359 NC NC INC
Control 0 15 BCRL BCRL NA INA NA

OM table incoý all available dwA for all samples (intentional and f6rusitous) analyzed under the Biota CUP.
OOThe USFWS geometric mean includes nonNts and assigns them a value equal aD oub-half of die low= =- descriptive

statistics We calculated only when 50% or more of the samples we bit&.
BCRL a Below certified MpOrting Unlit. M value varied for differtnt, labs and in different years.
NA = Not applicable.
NC - Number of detections was less dm 50% of ft sarnple size and a mean was not calculated.



Table 5.1-22 DDE Statistical Resulu for Aquatic Species Santpled for ChV, 1988 to 1990* Page 2 of 3

MrAmnrn Ugyi== USFWS USFWS USFWS

Total # Total Desscied Detected Owsoncic; Goatntdc; Ococmuir,

of Ift ofSamplas Com OWS) Coe (ugIg) bleisn" Vadence" Sid Dev"

KM and JCME - bOllhOld
Whole body

CMP-BSA 6 1 1 OA25 0.425 0.425 NA NA

I ýO 10 BCRL BCRL NA NA NA

AD RMA CMIP-BSAS 1 11 0.425 CA25 NC NC NC

control 0 9 BCRL BCRL NA NA NA

Composite
CMP-BSA 10 0 5 BCRL BCRL NA NA NA

AD RMA CUIP-BSAS 0 5 BCRL SM NA NA MA

Contral 0 2 BCRL BM NA NA NA

All SWnPIW
CUP-BSA 6 1 1 0.425 0.425 GA25 NA NA

8 0 10 BCRL BCRL NA NA NA

10 0 5 BCRL BCRL NA NA NA

All RMA CUP-BSA$ 1 16 OA25 0.425 NC NC NC

Control 0 11 BCRL BCRL NA NA NA

ICPU - channel atfigh
CMP-BSA 6 8 12 0.0661 0376 0.110 Z62 167

All RMA CUP-BSAs 8 12 &0661 0376 0.110 2.62 2.67

Control 1 15 0.178 0.178 NC NC NC

LEMA - blusill
Whole body
CMF-BSA 6 0 10 BCRL BM NA NA NA

7 0 14 BCRL BCRL NA NA NA

8 0 15 BCRL BCRL NA NA NA

All RMA CUP-BSAs 0 39 BCRL BCRL NA NA NA

Control 0 14 BCRL BCRL NA NA NA

Composite
CUP-BSA 6 0 5 BCRL BCRL NA NA NA

7 0 1 BCRL BCRL NA NA NA

AD RMA CUT-BSAs 0 6 BCRL BCRL NA NA NA

AD Samples
CMP-BSA 6 0 15 BCRL DCRL NA NA NA

7 0 15 BCRL BCRL NA NA NA

a 0 15 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 45 BCRL BCRL NA NA NA

Control 0 14 DCRL BCRL NA NA NA

IGSA - largomouth bus
CUP-BSA 6 10 14 MOM 0.247 0.0915 1.51 1.90

7 6 is 0.112 0.164 NC NC NC

8 10 15 0.0718 0.613 O.M7 2.11 2.37

AD RMA CMP-BSAs 26 44 0.0718 0.613 a0806 1.73 2.10

contral 0 15 BCRL BCRL MA KA NA

PLAN - sh-Irt-
CUP-BSA 6 0 10 BCRL SM NA NA NA

7 0 10 BCRL SM NA NA NA

8 0 10 BCRL BCRL MA NA NA

AD RMA CM?-BSAz 0 30 BCRL BCRL NA NA NA

Control 0 10 BCRL BCRL- NA MA NA

*Tais jAble incarporaw all avattable dwA for all samples (intentional and fortuitous) analyzed under the Biota CUP.

**The USFWS vormtric mean indude4 nwhits and usigns them a value equal vD am-half of the lowar CFJ.- descriptive

statistics we calculated only when 50% or mare of the samples am hib.

BCRL a Below certified repard!lg IJMiL M value Tuied for different I&W and in dMaent years.

NA a Not applicabl&
NC a Number of detections was leas than 50% of the sample sLze and a umn was not calculawA



T" 5.1-22 DDE Statistical Results for Aquatic Species Sampled for Cla, 19U to 1990* Page 3 of 3

unimum bbxim= USFWS USFWS USFWS

TOW # Total # Dracted Do GW=WC GOICIZZIStric Goomettic
of Hit; of Swou Conc: (ug1g) Conc (ugW YA=** Vad&nW* Bid MY**

POM - Amedcon pmhvud
CUP-BSA 6 0 8 BCRL BCRL NA NA NA

7 0 8 BCRL BckL NA NA NA
1 0. 8 BCRL BCRL NA NA NA

All RMA ChV-BSAx 0 24 BCRL BCRL NA NA NA
Cowd 0 10 BCRL BCRL NA KA NA

CWP-BSA 6 0 6 BCRL DCRL NA NA NA
7 0 6 SOL BCRL NA NA KA
1 0 6 BCRL BM NA NA NA
9 0 4 BCRL BCRL NA NA NA

M RMA CUP-BSAS 0 22 BCRL BCRL NA NA NA
C11130,01 0 10 BCRL BCRL NA NA NA

*IW table in=po=s all available data for &U samples rAntentiorial and fortuitous) analyzed under the Biota Chg.
OOMe USFWS geometzic mean includes nonhits and usigns; them a value equal to one-balf of the lower CRL, descriptive
statistics am oilculated only when 50% or more of the samples an hits.

BCRL a Below certified reporting limit. Mtis value varied for different labs and in different yew.
MA a Not applicable.
NC at Number of detections was less Ow 50% of the ample size and a mew was not calculated



Table 5.1-23 Arsenic Statistical Results for Aquatic Species Sampled for CUP. 1988 to 1990* Page I of 3

)ACd== USFWS USFWS USFWS
Toad # Total # Detected Dowcad Owwtdc Owtostric GWMWC
of Ma of SatopW Cmc (ugfg) Cmc (ugfg) Men** Vadanw** Sid Dev"

ANIBY - salazoander CPMTUrrOUS)
OAP-BSA 2 0 1 am BCRL NA MA NA

ANDI - Hoomingsid ad
DMNW CIE="

C3dP-BSA 10 0 4 BCRL BCItL NA NA NA
All RMA Oe-BSAs 0 4 BCRL BCRL NA NA NA

AWL-=Wlud
Dnmd Cw=u
00-BSA 10 0 9 BCRL SM NA NA NA
All RMA OdP-BSAS 0 9 BCRL BCRL NA NA NA
coma 0 12 BCRL BCRL MA NA NA

liva
00-BSA 10 0 6 BCRL BCRL NA NA NA
All RMA 0&-BSAS 0 6 BCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA NA

All Samples
OdP-BSA 10 0 15 BCRL BCRL - NA KA NA

AD RMA Oe-BSAS 0 25 BCRL BCRL NA NA NA
Control 0 17 BCRL BCM NA NA NA

rMIM.Munho
Che-BSA 6 4 6 03S7 0.656 0294 1.62 2.00

7 0 6 BM BCRL NA NA NA

All RMA CUP-BSAs 4 12 03S7 0.656 NC NC NC
Control 5 5 0.521 0.761 0.632 IM 1.16

CMM. 1,11
Cie-BSA 5 0 5 SCRL BCRL MA NA NA

6 0 3 BCRL BCRL NA NA NA
a 0 2 BCRL BCRL NA NA NA

All RMA ChfP-BSAI 0 10 BCRL BCRL NA NA NA
control 0 5 BCRL BCRL NA NA NA

ESLU - north= Paz
Cle-BSA 7 0 3 BCRL BCRL NA NA NA

8 0 4 BCRL BCRL NA NA NA

AS RMA CMP-BSAS 0 7 BCRL BCRL NA NA NA
control 1 10 OAD7 0.407 NC NC NC

FUAJd - Aizedoss, OM
Cbe-BSA 6 0 4 BCRL BCRL NA NA NA

7 0 7 BCRL BCRL NA NA NA
9 0 1 BCRL BCRL NA NA NA

All RMA CNP-BSAS 0 12 BCRL BCRL NA NA NA
Camd 0 10 BCRL BCRL NA NA NA

ords ad& imnpxuu all avaUbit dazz for all samples Ontcutianal and foradtous) analyzed under the Biota Cie.
0071m USFWS geometric aman includes wnWts and assilus them a value equal to one-balf of dw lower = descriptive
gNtidalmoglewst only whes 50% ormom of th samples We biu.

BCRL a Below ardw mpmtol Unit. Mds value varied fw different laix and in different years.
NA = ft applicable.
NC a number of detections was less dw 50% of the sample size and a mean was M calcul-ted



Mthle 5.1-23 Arsenic Statistical Results for Aquatic Species Sampled for CW, 1988 to 19900 Page 2 of 3

WrAmwn MLXJ=M USFWS USFWS USFWS
TOW 9 Total # Damned Dswcud 0 - I& GeocozWe Gwmtcic
of IBM of Come QWg) Cooc (Ug/j) Men" Vadence" Sid Dewo,

OMILWICNE-bumý
Whole body
CUP-BSA 6 0 1 BCRL BCRL NA NA NA

1 0 10 BCRL sm NA NA NA
AD RNIA 00-BSAS 0 11 BCRL BCRL NA NA NA
Control 0 9 BM BCRL NA NA NA

composir,
CWP-BSA 10 0 5 BCRL BCRL NA NA NA
All RMA CUP-BSA$ 0 5 BCRL BCRL NA NA NA
Control 0 2 BCRL BCRL NA NA NA

All Samples
CMP-BSA 6 0 1 BCRL BCRL NA NA NA

1 0 10 BCRL BCRL NA NA NA
10 0 5 BCRL BCRL NA NA NA

AD RMA CMP-BSAs 0 16 BCRL BM NA NA NA
Control 0 11 BCRL BCRL NA NA NA

I=. ebanwI ýtgtb
CUP-BSA 6 0 12 BCRL SCRL NA NA NA
All RMA 00-BSAS 0 12 BCRL BCRL NA NA NA
control 1 15 2.42 142 NC NC NC

UNA - bluesili
Wholt body

CWP-BSA 6 0 10 BCRL BCRL NA NA NA
7 0 10 BCRL BCRL NA NA NA
8 0 10 BCRL BCRL NA NA NA

All RMIA C20-BSAS 0 30 BCRL DCRL NA NA NA
control 0 10 BCRL BCRL NA NA NA

IM - Wg=wuth bus
00-BSA 6 0 9 BCRL BCRL NA NA NA

7 0 10 BCRL DCRL NA NA NA
8 0 10 DCRL BCRL NA NA NA

All RMA CMP-BSA$ 0 29 BCRL BCRL NA NA NA
Control 0 10 BCRL DCRL NA NA NA

PLAN - plank-too
00-BSA 6 15 15 0,459 133 0.635 1.10 136

7 4 15 0329 0.495 NC NC NC
8 7 15 0371 0.723 NC NC NC
10 0 5 BCRL DCRL NA NA NA

All RMA CMP-BSAs 26 so 0329 133 0274 I.B8 2.21
control 15 is 0358 1.09 05" 1.11 1.39

OlIds wNe iumporwas all available dazz fcw all swriplas (intentional and fortuitous) analyzed under &t Bwta CUP.
**MwUSFWStwh tic mean includes wnbiu and assigns Lhem avalue equal to ow-hWof ft Wwor CRL,- descriptive
statistics am calculated only when 5D% or mom of dw samples am bits.

BCRL . B94OW cartified reporting UldL This value vaW for differew labs and in dLffawt yan.
NA a Not applicable.
NC a number of dmations was less d= 5D% of the swr* size and a mm was am calculated.



Table 5.1-23 Arsenic Statistical Results for Agwic Species Sampled for ChV, 1988 to 1990* Page 3 of 3

MLXLM= USFWS USFWS USFWS
Total # Total # Deacted Deucted Oeo=tzic O- tric Geo=tric
of Ilits of Samples Ccoc (ug/g) Cost (ug/&) Wkw** Variance" Sid Dev**

POND -Ammian poudweed
CW-BSA 6 3 13 0356 0.446 NC NC NC

7 1 13 0373 0373 NC NC NC
8 4 8 0397 0.695 OM7 1.85 2.19
10 0 5 BCRL BCRL KA NA NA

AD RMA ChdP-BSAs 9 39 0356 0.695 NC NC NC
Control 14 is 0378 3.40 0.794 1.95 126

POPE - up pondwvW
CMP-BSA 6 4 6 0326 0.805 0325 1.88 2.21

7 1 6 0338 0338 NC NC NC
8 6 6 0.462 190 0.861 1.56 1.95
9 4 4 0.293 1.35 0.589 1.94 118

AD RMA CMP-BSAs 15 22 0.293 190 0391 2.40 2.55
Control 4 9 1.97 4.17 NC NC NC

07bis table iwmpo=s all available dam for all swnples Ontentional and fortuitous) aradyzed under the Biout CMP.
**The USFWS geometric mcan includes nonhits and assigns them a value equal so one-balf of the lower descripdve
stadsdcs at calculated only when 50% or mom of the samples an hits.

BCRL w Below ocrtifted reporting lilrAL This value varied for different labs and in different yew.
NA a Not applicable-
NC a number of dc=dons was Ins dw 50% of the sample size and a mean was not calculated.



Table 5.1-24 M=ury Statistical Results for Aquatic Species Sampled for CMP, 1988 to 19900 Page I of 3

Atzkourn bbxb= USFWS USFWS USFWS
TOW Total # Dc=tW Devicied Cleammetdo Goomuk Geocattric;
of ate of Samples Canc "W Cm (u&W hbuss Vatiance-0 Sid Dev-*

AUIBY - ulamanda (FORTLIrMUS)
CUP-BSA 2 2 2 04747 OM58 OM52 LOD 1.01

ANDI - blwWJnW Coal
Dmated Cams
CUP-BSA 10 4 4 &0816 0.339 0.167 1.57 IN
All RMA CMP-BSAs 4 4 Q0816 Q338 0.167 M7 IM
Control 5 5 M0529 0.216 0.104 1.44 1.83

ANFL."onard
Dxssed Carcass
CMP-BSA 10 a 15 0.0558 0.242 Q0498 1.76 2.12
AD RMA CMP-BSAs a 15 0.0558 0242 0.0498 1.76 2.12
control 10 12 0.0529 0.143 &0592 1.30 1.67

Liver
CW-BSA 10 9 9 0.0585 0.353 0.158 1.56 1.95
All RMA CUP-BSAs 9 9 0.0585 0.353 0.158 1.56 1.95
control 4 5 0.101 0.679 0.121 4.22 3.32

AD Sunples
CUP-B&A 10 17 24 0.0558 0.353 0.0769 2.29 2.48
All RMA CIO-B&As 17 24 0.0558 0.353 a0769 2.28 2.48
Control 14 17 0.0528 0.679 0.0731 1.92 2.24

CEDB-coontail
CUP-BSA 6 0 6 BCRL BCRL NA NA NA

7 0 5 BCRL BCRL NA NA NA
AD RMA CUP-BSAs 0 11 BCRL BCRL NA NA NA
Control 0 5 BCRL BCRL NA NA NA

CHVO -killdew
ChIP-BSA 5 5 5 0.0518 0.117 0.0919 1.10 1.36

6 3 3 0.0832 0.105 0.0965 1.02 1.14
8 1 2 0.109 0.109 0.0522 196 2.83

An RMA CW-BSAs 9 10 0.0518 0.117 0.0786 1.25 1.60
Control 3 5 0.0639 0.305 0.0702 3.30 2.98

MU -=tb= pike
CW-BSA 7 3 3 0.375 O."s 0.413 1.01 1.09

8 4 4 0.200 0.347 0.249 1.07 1.29
AD RMA 0&-BSAs 7 7 OZO 0.448 0.309 2.11 1.39
Control 7 10 (10903 0.196 Q0756 1.92 2.24

FUAM - American root
CW-BSA 6 2 5 0571 0.0934 NC NC NC

7 3 11 0.0538 IX0596 NC NC NC
9 0 1 BCRL BCRL NA NA NA
10 0 1 BCRL BCRL NA NA NA

All RMA CMP-BSAs 5 is OL0538 M0834 NC NC NC
Control 6 15 0.0674 0.180 NC NC NC

orws table imarporges all available data for all sarnpIts (intentional and fortuitous) analyzed under the Biota CWIP.
**The USFWS georrittric mun includes nonhits and assigns thm a value equal So am-half of the lower CRL, descriptive

statistics art calculated only when 50% or nm of the samples art bits.
BCRL a Below certified reporting lirniL This value varied for different Ida and in different yam.
NA w Not applicable.
NC a Nurnber of de=dons was less than 50% of the sarnple size and a mean was to calcW&U-A



T" 5.1-24 Mercury Statistical Results for Aquatic Species Sampled for CMP, 1998 to 19900 Page 2 of 3

"MMUM maximmu USFWS USFWS USFWS

TOW # TOW# Datong DwcW Goomotdc Osacwtic Goometic

of MU of SMVW Coac "W Coac (U&W Mean" Vubm" Sid Dev"

WMb body
CWP-BSA 6 1 1 02,64 02,64 02,64 NA NA

a 7 10 0.0504 Ono Q0479 1.32 1.69

All RMA 00-BSAS 1 11 &05D4 0264 OM59 1.67 105

Cond 0 9 BCRL BM NA NA NA

CbV-BSA 10 5 5 0.0797 0.138 QoM L06 1.27

AN RMA Cbe-BSAS 5 5 0.0787 0.139 M0999 1.06 1.27

Coond 0 2 8CRL BCRL NA NA NA

All Stwoes
OV-BSA 6 1 1 02" 02" 02" NA NA

8 7 10 aOS04 LOW 0.0479 1.31 1.69

10 5 5 O.CY787 0.138 0,0999 1.06 1.27

AN RMA Cbg-BSAS 13 16 0.0504 02" OL0670 1.54 1.93

Contra 0 11 BCRL BCRL NA NA NA

I=. Cbanw PAtRah

Oe-BSA 6 8 12 0.0465 aO938 aD453 1.31 1.69

AD RMA 00-BSAS 8 12 0.0465 0.0936 0.0453 1.31 1.68

Cadrd 9 15 0.0593 0.430 aO660 2.66 2.69

LEMA - blujill
Wh* body
CIV-BSA 6 10 10 U572 0.139 0.0925 1.09 1.31

7 9 14 0.0610 0202 0.0563 2.70 107

8 14 is 0.0603 0.205 0.0997 1.35 1.73

All RMA CW-BSAS 33 39 0.0572 0205 Q0771 1.45 I.B4

Cowd 12 14 OLDS29 0.275 0.0925 1.91 2.16

Campsite
C3e-BSA 6 5 5 OL0534 0.119 U922 1.11 1.39

7 1 1 0.189 O.IB9 0.189 NA NA

All RMA CMIP-BSAS 6 6 0.0534 0.189 0.104 1.19 1.51

All Swnples
0&-BSA 6 is 15 0.0534 0.138 0.0956 1.08 1.33

7 10 is OL061 0 0.2M 0.0610 1.81 116

8 14 15 0.0603 0.205 U987 1.35 1.73

All RMA 00-BSAS 39 45 O.OS34 0.205 0.0902 1.42 1.81

Cowd 12 14 0.0529 0.275 Q0925 1.81 2.16

MM - Urgemoul bus
0&-BSA 6 14 14 U917 0.303 02M 1.11 1.37

7 Is 15 0.0615 0.610 0.248 1.57 IM

a 14 15 Q05" CA26 0.128 1.89

All RMA 00-BSAS 43 44 &05" 0.626 0.192 1.61 L"

Cowd 12 15 M0529 0.198 OW57 M2 1.91

PLAN-0-slaw
Oe-BSA 6 0 10 BCRL BCRL NA NA MA

7 0 10 BCRL BCRL NA NA NA

1 0 10 BCRL JIM MA NA NA

AD RMA Oe-BSAs 0 30 BCRL BCRL NA NA NA

Cowd 0 10 BCRL BCRL NA NA NA

07bis able inamporates all av-11-W data for all Umples Ontentional and fandlout) analyzed under the Biota CMP.

**Tw USFWS porneuic trom includes wnhits and assigra dun a value equal to anD-balf of to Iowa =- desmiptive

ruidsks am calculated only wben 50% or mn of the u:*es we hits.
BCRL a Below owtified reporting Unit. Mds value varied for different labs and in diffant years.

NA a Not apylicable.
NC a Number of detections was less dw 50% of the samyle size and a men was no calculate&



Table 5.1-24 Mercury Statistical Results for Aquatic Species Sampled for CMP, 1988 to 19900 Page 3 of 3

H-4mum M-:dm= USPWS USFWS USFWS

TOW TaW # Deacmd Deacmd Cleomeuic Owmtsic G- , We

of Hts of Su*a Conc (ugfg) Cogic (ugfo U=O* Voianct" Sid Dm**

POND-Ammicaupwil"W
CbV-BSA 6 0 13 SCRL BCRL NA NA NA

7 0 13 BCRL BCRL NA NA NA

I 1 8 0.0514 Q0514 NC NC NC

10 1 5 0.0543 0.0543 NC NC NC

AD RMA Oe-BSAs 2 39 0.0514 QOS43 NC NC NC

Contmi 0 15 SCRL BCRL NA NA NA

PON-uppondweed
CW-BSA 6 0 6 BCRL BCRL NA NA NA

7 0 6 BCRL BCRL NA NA NA

a 0 6 BCRL BCRL NA NA NA

9 0 4 BCRL BCRL NA NA NA

All RMA CMP-BSAs 0 22 DCRL BCRL NA NA NA

Conad 0 10 BCRL BCRL NA NA NA

07bis able incorporates all available dwA for all sainples; (intentional and fortuitous) analyzed under the Biola CMP.

**The USFWS potuctric me= includes nonhits and aWgns them a value equal to one-half of ft lower CRI.; descriptive

statistics art calculated only when 50% or am of ft sarnples art his.

BCRL = Below certified reporting lirniL This value varied for different labs and in different yew.

NA a Not applicable.
NC a Number of do-ec ons was len dun 50% of the wnple size and a mean was not calcul-led



TANLR 4-2

R9LATIVX ABUMAINC2 OF SMALL MAMMALS AT WM, FALL 1986

Tall Short
woody woody Created native 22hrubs/Speciev Fogba regba CheatIcass Wbostgrame grass Yucca Cottonwoods

Door House 31.9 15.6 9.3 2.3 0.3 13.9 1.1

Plains marvost mouse 2.2 
1.1

Western marvest mouse

Northern Grasshopper 0.6 3.3Mouse

Meadow Volo 
7.8

prairie Volo 0.3 0.3 0.3 e.3

Ord,s Kangaroo Rat

Total 34.4 15.6 8.6 2.8 1.2 20.S 10.0

Locations 3 2,12 17 1.6,13.15 3.5,11,14 4.10 14,19 16

I Relative abundance number caught per 100 trap-nights.
2 Shrubs include sand sagebrush and rubber rabbitbrush.
3 Locations shown on rigure 3-8.



?ASIA 4-3

SRLhTlVx ABUSIDANCZ OF SMALL MAMMALS 
AT ana, SPRIM 12611

Moody 2ftcubs/ 3Tbickets cattails/ Stroassido cottonwoods
species Forbe Yucca Rusb*8 Meadows

D*Gr Hoag* 30.0 9.8 2.7 3.6 1.6 1.0

Wasters Harvest MOVA* -- 2.2 2.2 3.1 1.3 --

Meadow Tole 4.4 11.7 1.0

Prairie Vale 
1.6 2.2 S.7 --

silky Packet House 
6.2 --

Slopid Pocket House 0.8

Ord's Kangaroo Rat 
2.5 -- -- --

ICY% Total 30.0 1I.S 7.1 23.1 3.5 1.0

C>
Locations 4 21 23.24,24 22.2S 20,21 26 29

I Relative abundance number caught par 100 trap-fti9bts-
2 Shrubs Include sand sagebrush end cubbor tabbitbrush.

3 Thickets include Now HeKico locust and American plum.

4 Locations shown an rigure 3-8.



Table S. Raptors observed along the Arsenal road survey during the winter
period and the entire survey period of 1991-92.

- ------------ - ------ - -------- - ----- ----------

1991-92 (Oct-Mar) 1991-92 (Aug-May)

Species RANGE N AVG RANGE

Red-tailed hawk 96 5.1) 24.2 1-17) 154 4.8) 23.5 ( 0-17)

Rough-legged hawk 68 3.6) 17.1 0-9) 68 3.6) 10.4 ( 0-9)

Ferruginious hawk 119 6.3) 30.0 0-16) 126 3.9) 19.2 ( 0-16)

Bald tagle 63 ( 2.8) 13.4 0-7) 53 2.8) 8.1 ( 0-7)

Golden eagle 14 ( 0.7) 3.5 0-2) 14 0.7) 2.4 ( 0-2)

American kestrel 24 ( IA) 6.0 0-13) 93 2.9) 14.2 ( 0-13)

Unknown buteo 11 ( 0.6) -2.8 0-2) 16 0-5) 2.4 ( 0-2)

Northern harrier 5 ( 0.3) 1.3 0-2) 5 0.3) 0.7 ( 0-2)

Merlin 3 ( 0.2.) 0.8 ( 0-1) 3 0-2) 0.5 ( 0-1)

Prairie falcon 4 ( 0.2) 1.0 ( 0-1) 4 ( 0.2) 0.6 ( 0-1)

Swainson's hawk ---- ---- 22 ( 0-7) 3.4 ( 0-5)

Burrowing owl ---- ---- 90 ( 2.8) 13.7 ( 0-17)

Total raptors 397 (20.9) ---- (15-32) 648 (20.3) ---- ( 9-32)
.-number-observed -----------------------------------------------------------

- - ------ --------
AVG - average
% - percent of total

29
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ATTACHMENT C.5-3

INFORMATION ON FORTUITOUS SAMPLES COLLECTED BY THE
U.S. FISH AND WILDLIFE SERVICE BETWEEN

1990 AND 1993



This attachment contains information on fortuitous samples collected by the U.S. Fish and

Wildlife Service between 1990 and 1993. Three types of information are included: (1) a list

of biota samples that have been submitted for chemical analysis but for which analytical data

have not been received; (2) a list of biota samples for which chemical analyses have been

completed, together with their analytical results; and (3) a tabular summary of necropsy

results for biota samples that have been thus examined.

It should be noted that fortuitous samples by definition represent specimens of sick or dead

individuals. As in all prior biota sampling programs on RMA, professional judgement was

used in selecting sick or dead organisms to be evaluated. For example, top carnivore

mammals and birds (including primarily raptors) were always collected unless there was some

contraindication such as extreme decay. Road killed prairie dogs were not collected, because

their cause of death was obvious and because numerous samples have already been analyzed

under the Biota RI and Biota CMP.

It should also be noted that the samples that were analyzed do not necessarily reflect only

exposure to RMA contaminants or situations. Carnivores, especially the raptors, range widely

for food. Except for the great homed owl, the raptors on RMA also migrate to other locales

in some seasons, spending only the winter or summer on RMA or simply passing through

during migration. Therefore, although the following data on fortuitous samples (and that

elsewhere in the IEA/RQ provides information pertinent to the status and health of biota on

RMA, it may also reflect exposure to areas outside RMA and can only be used in a

qualitative sense.

C.5-vi
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Table C.5-3.1 U.S. Fish and Wildlife Service, Rocky Mountain Arsenal National Wildlife

Area, Sample Log (Purchase Order #DAAA05-94-A-0001) Page I of I_

Sample # Species Tissue Location Date Collected

11088-001 Barn Owl Brain North Plants 10/14/92

11088-002 Barn Owl Brain North Plants 10/14/92

923-05002 Badger Liver 7th by fire st. 9/22*

923-05002 Badger Brain 7th by fire st. 9/92

11298-001 Great Homed Owl Liver South Plants 7/30/92

11298-001 Great Homed Owl Brain South Plants 7/30/92

10943-001 Great Homed Owl Brain South Plants 7/30/92

11410-001 Bald Eagle Liver From Buckley 2/27/93

11410-001 Bald Eagle Brain From Buckley 2/27/93

AR-19 American Robin Whole Body Bldg. I 11 6/17/93

BF-21 House Finch Whole Body Bldg. 111 6/14/93

HF-24 House Finch Whole Body Bldg. 111 6/17/93

02 Sharp-shinned Hawk Whole Body Bldg. 111 4/27/93

03 Western Kingbird Whole Body Bldg. III 6n193

04 American Robin Whole Body Bldg. 111 6/22/93

05 American Robin Whole Body Bldg. 111 6/20/93

09 House Finch Whole Body Bldg. 111 6/14/93

These samples constitute a reanalysis of this badger specimen to verify earlier analytical results on this specimen were not
subject to adequate QA/QC.

Note: An additional 285 samples were submitted to a laboratry for residue analysis but the data reported from these samples
may have been improperly reported and are under investigation; no samples aliquots were retained that could be
subjected to verifying analyses.

RMA-IEA/0143 6/22194 8:47 am sjm IEAIRC Appendix C



Table C.5-3.2 Analytical Data Received on Fortuitous Samples Collected and Submitted

for Analysis by U.S. Fish and Wildlife Service

Species Analyzed Analytical Results Comments

Badger 923-5002 Liver: 13 ppm dieldrin Analyzed by University of

California Veterinary Diagnostic

Subcutaneous fat: 75 ppm dieldrin Laboratory; methods used differ

from the USATHAMA protocols,

particularly regarding quality

control procedures

C.5-vii
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Table C.5-3.3 Synopsis of Necropsy Data on Fortuitous Samples Collected and Submitted

for Fish and Wildlife Service Page I of 2

Species Necropsied Comments Diagnosis

Swainson's Hawk (10802-001) Little fat; (10802-001) Cause of death

Specimen 10802-001 unremarkable observations on undetermined

bacteria, viruses, brain

cholinesterase, liver lead, and

histopathology

Starling (2336) Unremarkable cholinesterase (2336) None

Specimen 2336 observations

Great Homed Owl (10943) No obvious subcutaneous, (10943) Emaciation

Specimen 10943 pericardial, or peritoneal fat;

emaciated from no apparent cause;

unremarkable observations on liver

lead, bacteria, viruses,

cholinesterase, and histopathology;

minor inflammation of heart

tissues; talons of both feet tightly

clenched

(11298) Talons tightly clenched;

abundant subcutaneous, pericardial

Specimen 11298 and peritoneal fat; found under (11298) Electrocution, severe

power line with bum mark on fungal dermatitis

wing; scant intestinal contents;

severe fungal dermatitis;

observations unremarkable of organ

histopathology, cholinesterase

C.5-1
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Table C.5-3.3 Synopsis of Necropsy Data on Fortuitous Samples Collected and Submitted

for Fish and Wildlife Service Page 2 of 2

Species Necropsied Comments Diagnosis

Badger (923-5002) Alive when collected; (923-5002) Cause of paralysis

Specimen 923-5002 fair to poor body condition; hind undetermined by necropsy; results

limb paralysis; generally of chemical analysis of liver,

unremarkable histopathology, kidney, brain, and subcutaneous fat

cholinesterase, and parasite for organophosphates and

infestations; no apparent cause of organochlorines reported in Table

paralysis from examination of C.5-2.2

spinal column or evidence of tick

paralysis

Barn Owl (11088-001) No subcutaneous, (11088-001) Emaciation

Specimen 11099-001 pericardial, or peritoneal fat; cause

of severe emaciation not evident;

unremarkable observations

regarding cholinesterase levels,

bacteria, viruses, infectious disease,

and organ histopathology; marked

autolysis of specimen

(11088-002) Alive when collected,

but died shortly; observations

generally same as for 11088-001

Specimen 11088-002 (11088-002) Emaciation

C.5-2
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ATTACHMENT C.5-4

EPA'S POSITION ON HEALTH AND DIVERSITY



EPA'S POSITION

APPENDIX C-5, ECOLOGICAL STATUS AND HEALTH OF BIOTA POPULATIONS

AT ROCKY MOUNTAIN ARSENAL

EPA invoked dispute on this issue on September 20, 1993. A

series of intensive technical meetings failed to achieve a text
on which the parties of RMA (Army, Shell, USFWS, EPA, and State
of Colorado) could reach consensus. Therefore, the RMA Council
resolved that, in order to finalize the IEA/RC, the parties'
dissenting opinions would be presented in this document. This
submittal is EPA's opinion.

Throughout the main text of the IEA/RC, numerous references are

made to "ecological measurement endpoint" studies which are said

to indicate that "the overall ecosystems and animal communities
have retained their integrity and most wildlife populations
appear healthy." It is further stated that "the available data

on ecological measurement endpoints do not reveal adverse effects

of chemical contamination on trophic diversity at RMA.11 Similar

statements are also made regarding adverse effects of chemical

contamination on other "ecological measurement endpoints" such as

reproductive success, abundance, survivability, structural
diversity of the ecosystem, population robustness, morbidity,

species richness, and other endpoints.

While all of these characteristics may be valid, the extent to

which biological studies at RMA were designed to measure these

characteristics as measurement or assessment endpoints relative

to exposure to a stressor was very limited. Regarding exposure

analysis, EPA's Framework for Ecological Risk Assessment
(EPA/630/R-92/001, February, 1992) states at Section 3.1.3 "The

next step is to combine the spatial and temporal distributions of

both the ecological component and the stressor to evaluate

exposure." and "The most common approach to exposure analysis is

to measure concentrations or amounts of a stressor and combine

them with assumptions about co-occurrence, contact, or uptake.,,

It is also stated (Section 3.2.1), "Controlled ... field tests

... can provide strong causal evidence linking a stressor with a

response and can also help discriminate between multiple

stressors."

Although the ecological assessment endpoint studies summarized in

Appendix C.5 did provide some ecological measurements for

selected locations at RMA, they did not measure endpoints

relative to exposure to a stressor. They were not controlled

field tests designed to provide evidence as to whether or not

there was a link between stressors (contaminant concentrations in

soil) and responses (endpoints such as those described above).

In addition,



o Very few of the studies referenced in Appendix C.5 were

conceived or designed as part of the ecological risk

assessment (ERA) for RMA,

o Very few, if any, of the studies were quantitatively or

spatially linked to stressors, i.e., contaminant
concentrations, and

o Although some studies claimed to compare "contaminated"

versus "uncontaminated" areas, no measurements of soil

contamination were part of these studies and very few, if

any, of the studies drew any conclusions regarding the

potential ecological impacts of soil contamination at

specific locations.

o Most of the studies were conducted mainly in the less

contaminated areas of RMA, with few or no observations in

the more contaminated areas.

The studies summarized in Appendix C.5 are appropriate to discuss

in Section 5.2 (Uncertainties Associated with the Ecological Risk

Characterization) and in Appendix E, but reference to these

studies should be deleted from the rest of the main text because

they did not measure endpoints relative to exposure to stressors

and, therefore, are not directly comparable to the quantitative

results of the ERC. These studies should also not be interpreted

as a "reality check" on the results of the ERC.

EPA has reviewed Appendix C.5, as presented by the Army in the

March 3, 1994 version of the IEA/RC,and also key studies cited by

the Army in Appendix C.5. The results of this review are

presented as EPA's opinion regarding the Ecological Status and

Health of RMA biota (Attachment 3). In general, each of the

studies reviewed had several aspects in common:

o The precise location of biota tissue sample collections or

ecological outcomes was not identified or co-located

relative to specific locations of soil contamination.

o A few of the studies compared observations at locations

within or near the core contaminated areas with peripheral

locations, assuming, without verification, that the former

were highly contaminated, but the latter were not. This is

an unwarranted assumption due to the heterogeneity of soil

contamination at RMA.

o With one exception (songbirds), very few observations were

made in the core-contaminated areas.

The results of these studies appear to support general

conclusions regarding the status of wildlife species on RMA as a

whole, but do not provide information regarding the actual

2



status, health or ecological effects on biota at specific
locations relative to soil contamination. As a result, most of

the studies cited actually have high potential for bias and low

power; many also have low relevance as explained below. EPA's

overall conclusion concerning Appendix C.5, Ecological Status and

Health, is that, generally, the field studies were not adequately

designed to assess the potential effects of contaminants on RMA

biota at the individual, population, or community level. Hence,

they are of little or no value in testing hypotheses about the

potential ecological effects of soil contaminants at RMA. Some

animals collected at RMA have tissue levels of contaminants that

exceed the MATC, and at least a few appear to have been lethally

poisoned. Several species do occur and even breed successfully

close to core contaminated areas. Except for a few American

kestrels, however, the actual exposure of these animals has not

been characterized. Hence, the available information on RMA

biota neither confirms nor refutes the predictions of the ERC.

Implications otherwise are misleading.

EPA believes that the text of the following sections should be

modified as follows:

C.5.4.4.1 Status and Diversity

The status and diversity of the biota at RMA are reasonably well

characterized as a result of extensive studies conducted in

recent years. RMA is situated within a temperate grassland

region and is part of a broad transition zone between montane and

plains habitats. Native vegetation of the region consists

primarily of open semiarid grasslands, with some areas of yucca,

shrubland, woodland, and riparian habitats. The terrestrial

vegetation has been modified by past agricultural activities and

more recent industrial activities, including localized effects of

contamination, remediation, and vegetation management (Sections

C.5.2.1, and C.5.3.2.4). Probably as a result of these

activities, the terrestrial vegetation is somewhat impoverished

(lower structural complexity) compared to that at selected

offsite control areas (MKE 1989a). RMA also includes four

manmade lakes which are subject to management for angling. Three

of these lakes were heavily contaminated in the past and were

drained for sediment removal in 1964-65 (Section 5.2.2.4).

RMA supports a wide variety of animal species, including 26

species of mammals, 176 species of birds, 17 species of reptiles

and amphibians, and a number of fish species (Section C.5.2.2).

RMA has noteworthy populations of several species, including mule

deer, white-tailed deer, black-tailed prairie dogs, burrowing

owls, and wintering raptors, including a significant winter roost

of bald eagles. These and other species (e.g., American badger,

coyote, ring-necked pheasant) appear to benefit from the

restrictions on human access, lack of hunting, and management

activities at RMA, whereas predatory fish (largemouth bass, pike)

- 3
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benefit from active management for sport fishing (catch and
release).

Population sizes (total numbers of individuals within RMA
boundaries) have been determined or estimated for a number of
species, including mule deer, white-tailed deer, black-tailed
prairie dog, great horned owl, burrowing owl, American kestrel,
and other breeding raptors. The winter roost of bald eagles is
counted on a weekly basis. Information on population density or
other indices of population (e.g., trapping frequency, transect
counts) is available for other species, including terrestrial
invertebrates (grasshoppers, earthworms) and aquatic organisms.
Reproductive success has been measured for mule deer, great
horned owls, burrowing owls, mallards, and American kestrels, and
indices of reproductive success are available for several other
species. However, population dynamics have not been studied and
there is no information on survival, dispersal, immigration, or
emigration. In addition, ecosystem-level studies (e.g., trophic
diversity, nutrient cycling, or primary productivity) have not
been conducted on RMA. Although the diets of several predatory
species have been reported, there is no systemic information on
the structure or complexity of food webs. Such a study would
include a quantitative evaluation of the diet in prey consumed by
the predator species.

The available information on the biota of RMA is useful in
characterizing the resources at risk, specifically in documenting
which species occur in or near the more contaminated parts of
RMA. In particular, there is useful information on the status,
numbers, and distribution of some species that are likely to be
most highly exposed to bioaccumulative contaminants (e.g.,
burrowing mammals, predatory fish, and predatory birds).
However, little information is available to date on predatory
mammals.

C.5.4.4.2 Ecological Health

Except for a study of deer (Section C.5.3.2.1), no studies of the
health of individual animals have been conducted at RMA. USFWS
has necropsied many birds but analysts did not speculate on the
cause of death. The data on these birds (see Table C.51),
however, includes conditions such as lack of fat and no food in
the gut, as well as behavioral signs in some individuals, that
are consistent with pesticide poisoning.

major incidents of wildlife mortality attributable to poisoning
have been reported at RMA in the past, particularly in the 1950s.
These incidents primarily involved waterfowl and other aquatic
organisms. Overt mortality of these species appears to have been
reduced by the dredging of the lakes (1964-65) and Basin F (1988-
1989). More recently, individuals of several terrestrial bird
species (great horned owl, red-tailed hawk, ferruginous hawk,
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mourning dove) have been found dead at RMA with tissue
concentrations of dieldrin within the lethal range (Sections
C.5.3.2.2, C.5.3.4). In recent years, numerous dead birds
(mostly American robins and starlings) have been found dead at
RMA, especially on the lawns surrounding Building 111 (Section
C.5.3.4).

No information is available on the population dynamics or
metapopulation structure of animal species at RMA. Specifically,
there is no information on survival rates or rates of dispersal
of animals among subpopulations within RMA (e.g., movements
between more contaminated and less contaminated parts of the
site). Lacking such information, it is difficult to draw
conclusions about the viability or self-sustainability of
populations or subpopulations at any spatial scale within RMA.
Numbers of black-tailed prairie dogs increased rapidly following
an epizootic plague in 1988-89, the increase being much larger
than the number of animals released in the reintroduction program
(USFWS 1993a, 1993b). For species with little or no potential
for immigration (e.g., deer, fish), the continued presence of
significant numbers at RMA indicates that the total populations
must be self-sustaining. For species with small dispersal ranges
(e.g., earthworms), self-sustaining local subpopulations clearly
exist within RMA, but the spatial distribution of these species
within RMA has not been characterized.

The only species for which population densities have been
compared to those at well-characterized offpost control sites are
four species of songbirds (MKE 1989a). For these species,
frequencies of encounter in summer (an index of breeding density)
were lower on RMA than at the control sites; this difference was
statistically associated with more homogeneous and less complex
habitats at RMA. Although offpost control sites have been used
in several other studies, these sites were either inadequately
characterized or were substantially different in habitat from the
RMA study-sites, precluding rigorous comparisons.

EPA considers the concept of ecological "health" to be
inadequately defined and not useful for application to
communities and ecosystems.

C.5.4.4.3 Effects of Contamination on Biota

RMA is unusual among Superfund sites in that it contains large
areas with little or no contamination levels, as well as
substantial areas with high contamination levels. Hence, studies
of population characteristics that are conducted on an RMA-wide
scale are subject to confounding by mixing animals that are
relatively unexposed with animals that are exposed to varying
degrees. The appropriate spatial scale for study and analysis of
potential effects of contamination, therefore, should be
determined on a species-by-species basis, taking into
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consideration the scale of change in contamination levels and thescale over which individual animals of each species use thehabitat.

The outcome of the risk assessment conducted under the IEA/RC isa set of predictions that animals are at high risk of adverseeffects in central areas of RMA and at low risk in peripheralareas. The central ("core contaminated") areas are those inwhich the average levels of soil contamination are high, but theactual distribution of contaminants within these areas is verypatchy and many locations have low or undetectable levels.Likewise, the peripheral areas have low average levels of soilcontamination, but include locations where low to moderate levelsof contaminants have been detected. The location of the boundarybetween areas of high risk and low risk is very uncertain(because of uncertainties in the process of risk assessment anddisputes about risk assessment procedures) and varies fromspecies to species (because of differences in factors controllingexposure, spatial averaging over home ranges, and differences insensitivity to toxic effects).

If the predictions of the risk assessment are correct, one wouldexpect gradients of effects within RMA from the contaminated coreareas to the less contaminated peripheral areas. Fieldinvestigations within RMA, if properly conducted, might serve toconfirm or to refute these predictions. If the effects areconfirmed, field investigations might serve further to define theareas over which the effects take place, and their consequencesfor populations and communities on larger scales.

The major effects predicted by the risk assessment include lackof occupation (e.g., because of reductions in prey populations orother habitat impairments), increased mortality, and/or reducedreproductive success. Each of these effects could be measureddirectly with appropriately designed studies. Increasedmortality or reduced reproductive success may be detectedindirectly by observations of gradients in population density.However, such observations need to be interpreted carefully inrelation to the population dynamics of these species under study.Effects of increased mortality or reduced reproductive successmay be offset partially or fully by net immigration fromsurrounding areas where effects are smaller or absent. Hence,although the observation that numbers of animals are present inor near the core contaminated areas provides useful informationon abundance and density in these areas, the comparison of thisinformation to results of the ERC is ambiguous unless survivalrates or reproductive rates are measured, or unless rates ofimmigration and emigration are measured or taken into accountthrough modelling.

Studies of several species (e.g., black-tailed prairie dogs,small mammals, songbirds, American kestrels, wintering raptors),
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have characterized the distribution, density, and/or reproductive
success of animals at various locations within RMA (Section
C.5.3.2). These and other species have been recorded in numbers
close to and even within the core contaminated areas of RMA
(e.g., RMA Section 26), indicating locally high potential for
exposure. With three exceptions, however, none of these studies
included characterization of actual exposure or even measurement
of soil contamination levels at the study sites, and the
locations of the study sites were not recorded precisely enough
for the post hoc estimation of potential exposure. Retrospective
investigation of the relationship between endpoints observed in
some of these studies and exposure to contaminants (as attempted
by the Army in Sections C.5.3.2.1 and C.5.3.2.2) is not possible
because of the imprecise location of study sites, inconsistent
and unreliable measures of exposure, focusing of studies in
uncontaminated areas, and other problems.

The three exceptions mentioned in the last paragraph are the
studies of invertebrates (Section C.5.3.2.3) and American
kestrels (Section C.5.3.2.2). Each of these studies included
measurements of tissue concentrations of contaminants in
individual organisms that were studied. The invertebrate study
(ESE 1989) involved collection of earthworms at one contaminated
site and grasshoppers at two contaminated sites, as well as
onpost and offpost controls. For earthworms, only one study
sample was analyzed for organochlorine contaminants, so this
study does not provide sufficient information on potential
effects. For grasshoppers, contaminants were detected in the
study sample and not in controls, but the sampling methods were
not sufficiently standardized to draw conclusions about potential
differences in population density.

The only studies conducted at RMA to date that are useful in
testing hypotheses about potential effects of contaminants are
those of American kestrels (Section C.5.3.2.2). Although these
studies included offpost control sites, these were poorly matched
for habitat and other characteristics and the most informative
comparisons are those that can be made within RMA. The earliest
studies (DeWeese et al. unpublished) suggested a strong within-
RMA gradient in nest occupancy and productivity, both being low
within 1 mile of the core contaminated areas, intermediate in
areas between 1 and 2 miles from them,.and high in areas more
than 2 miles from them. These gradients have not been clearly
indicated in subsequent studies (ESE 1989, RLSA 1992, USFWS
1992a, 1993), but data on occupancy have not been reported and
only a few nest boxes have been placed near the core contaminated
areas. Moreover, concentrations in eggs and fledglings were very
variable, even within clutches and broods, and were not closely
related to distance from the core contaminated areas (ESE 1989).
Retrospective analysis of the relationship between various
measures of reproductive success and various measures of
contamination (SectionC.5.3.2.2) yielded inconclusive results,
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in part because of inadequate study design, but primarily because

very few of the study pairs were significantly exposed to

contaminants. The key variable of nest box occupation was not

examined in this analysis.

overall, therefore, the results of the kestrel studies are

inconclusive in assessing potential ecological effects caused by

RMA contaminants. However, they do show that a few pairs of

kestrels nest close to the core contaminated areas and that some

of these pairs raise young to fledgling. A more systematic study

would be needed to define effects on the kestrel population.

C.5.4.4.4 Conclusions

The field studies of biota conducted at RMA are useful in

describing the status of many plant and animal species, including

in some cases information on population sizes or density and/or

distribution within RMA. They are thus useful in defining the

resources at risk. However, little information is available on

the "health", exposure, or contamination effects of individual

animals or populations.

EPA's overall conclusion concerning Appendix C.5, Ecological

Status and Health, is that, generally, the field studies were not

adequately designed to assess the potential effects of

contaminants on RMA biota at the individual, population, or

community level. Hence, they are of little or no value in

testing the hypotheses about effects that can be derived from the

risk characterization. Some animals collected at RMA have tissue

levels of contaminants that exceed the MATC, and at least a few

appear to have been lethally poisoned. Several species occur and

even breed successfully close to core contaminated areas. Except

for a few American kestrels, however, the actual exposure of

these animals has not been characterized. Hence, the available

information on RMA biota neither confirms nor refutes the

predictions of the risk characterization. Implications otherwise

are misleading.

Summary of Attachments

The EPA position stated herein includes four Attachments as

follows:

Attachment 1: EPA's definitions and categorization of bias,

power, and relevance.

Attachment 2: EPA's statement concerning the appropriate

scale for investigation of population impairments.

Attachment 3: A detailed analysis of the studies used to

support the Army's conclusions regarding the status and

health of invertebrates, small mammals, prairie dogs,
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songbirds, American kestrel, burrowing owl, and bald eagle,as well as biomarkers and fortuitous samples.

Attachment 4: Retrospective linking of data on measurementendpoints to soil concentrations.
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ATTACHMENT I

EPA's Definitions and Categorization of Bias, Power, andRelevance

General Introduction
A number of different investigations of the biota of the RockyMountain Arsenal (RMA) have been carried out. In Appendix C.5 ofthe IEA/RC, the Army reviews these investigations and drawsinferences about the "status" and "health" of the biota andecosystems of RMA. Although the inferential process is notstated formally, three different types of questions areaddressed:

1. What is the "status" of the biological populations andcommunities at RMA?
2. How "healthy" are the organisms, populations, and ecosystemsat RMA?
3. To what extent have the "status" and "health" of the biotaat RMA been impaired by the contamination there?

Status

"Status" is not defined in the IEA/RC, but the term appears to beused more or less synonymously with "diversity." Diversityincludes both species richness and trophic diversity (SectionC.5.3.1.1). However, there is no formal information on trophicdiversity ("the number of food chains and the number of trophiclevels represented in various food chains", p. C.5-15) at RMA, somost information on the "status" of the biota at RMA consists ofestimates of species richness, with some information on absoluteand relative abundances. Species richness ("the total number ofspecies present", p. C.5-14) is estimated by selecting a group oftaxa to be evaluated (e.g., small birds), selecting an area,selecting survey methods, and enumerating the speciesencountered. Although the concept and procedure arestraightforward, each of the four steps listed in the precedingsentence affect and determine the reliability and relevance ofthe results.

In principle, information on status can be used in two ways: (a)to define the resources at risk: (b) to identify elements of thebiota as being of "high" status or "low" status. The latterwould be necessary to identify impairment of status attributableto contamination (see below). Ranking the status of the biota inthis way implies a scale against which the status can bemeasured, which usually requires a comparison with an unimpairedor "normal" system (see below).

Health

"Ecological health" is defined on p. C.5-2 as "consisting of the



normal range of those ecological characteristics identified by

EPA (1989a, pg. 42 to 43) as providing a basis for selecting

appropriate assessment endpoints.11 EPA has objected to this

definition on the grounds that it is so vague as to be

meaningless and unintelligible. Moreover, the Army states that

for mobile, upper-trophic level species, contaminant effects must

be assessed in the context of their inclusion in populations that

extend beyond the RMA boundaries. "These are populations that

occupy a particular region characterized by a habitat or habitats

that are more or less contiguous and occur within a major

biogeographic region", p. (C.5-2). However, none of the mobile,

upper trophic level species was actually assessed in this

context, so the Army's definition is not useful or meaningful for

the IEA/RC.

"Ecological health" is not a well defined term or concept in

ecology, and EPA considers that the concept is not appropriate or

useful in the IEA/RC. As used by the Army in the IEA/RC, the

term appears to include four components:

1. "Health" of individuals: presence or absence of anatomical,

physiological, or pathological conditions that would

indicate ill-health.

2. "Health" of populations: presence or absence of population

characteristics (e.g., numbers, distribution, reproductive

rate, mortality rate, recruitment rate, net immigration

rate, age structure) that would indicate impairment or lack

of viability.

3. "Health" of communities: presence or absence of conmunity

characteristics (e.g., species richness, trophic diversity)

that would indicate impoverishment.

4. "Health" of ecosystem: presence or absence of structural or

functional ecosystem characteristics (e.g., productivity,

stability) that would indicate impairment or dysfunction.

Each of these components is defined in terms of presence or

absence of impairment, i.e., "good health" is defined as the lack

of signs of ill-health. This feature probably corresponds to the

word "normal" in the Army's definition, quoted above: To define

"health" in this way implies a comparison with an unimpaired or

unormal" system (see next section).

Evidence for ecological effects related to contamination

The general question posed is: To what extent have the biota at

RMA experienced ecological effects due to contamination? This

question can be addressed by comparisons at several levels:

1. Comparison of characteristics of the RMA biota with "normal"
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characteristics for the species, community, or ecosystem.

2. Comparison of characteristics of the RMA biota with data on

regional populations, communities, or ecosystems.

3. Comparison of characteristics of the RMA biota with data on

populations, communities, or ecosystems in selected control

sites.
4. Comparison of characteristics of the biota in areas of RMA

close to contaminated zones with those of biota in areas

farther from contaminated zones.

5. Comparison of characteristics of the biota in areas of RMA

known to be highly contaminated with those of the biota in

areas of RMA known to be less highly contaminated.

6. Correlation of characteristics of the biota with levels of

contaminants in different areas.
7. Correlation of characteristics of the biota with specific

measures of exposure (e.g., tissue concentrations).

These comparisons are arranged in increasing order of

specificity, i.e., the later comparisons provide more specific

evidence for relationships between contaminants and differences

in the measured characteristics than do the earlier comparisons.

At all levels of comparison, however, the results have to be

evaluated for bias, power, and relevance.

Bias

General Definition. The magnitude and direction of the tendency

to measure something other than what was intended (Table C.5-2,

footnote 1, in the IEA/RC, and Table 3-1, footnote 1, in EPA's

Attachment 3 to these comments).

Application to Investigations of Biota at RMA and Inferences

about Status and Health. In ecology, bias is rarely measured

directly because this requires knowledge of the "true" value of

the characteristic being measured for comparison with the

measured value. Bias can occasionally be estimated by

theoretical analysis of the measurement process, or by repeated

measurements over a range of the factors thought likely to

introduce bias. However, these methods of estimating bias have

not been used at RMA. What is at issue, therefore, is 'potential

bias. The question to be addressed is whether the observations

were designed and executed in such a way as to minimize bias.

Specific questions include the following:

1. Were the observations representative of the individuals,

population, or community which was the intended object of

study? For example, if the intended object of study is the

small mammal population of the entire RMA, were the samples

or observations appropriately randomized with respect to

location, habitat, and other factors that might introduce

bias?
2. If an off-site control area is used, was it appropriately
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matched to the study site in terms of all factors likely to
affect the characteristic being measured? Is it justifiable
to assume that the off-site control area was uncontaminated?

3. If an on-site control area is used, was it appropriately
matched to the study area in terms of all factors likely to
affect the characteristic being measured except level of
contamination? Was the level of contamination at both the
study and control areas measured?

4. If within-site comparisons are made among study areas, were
the areas appropriately matched in terms of all factors
likely to affect the characteristic being measured except
levels of contamination? Were the levels of contamination
measured in comparable ways in all study areas? If not, is
there a reliable basis for the assumption that some areas
were more contaminated than others?

5. If endpoints are compared to tissue concentrations or other
measures of the exposure of individual animals, were these
individual animals appropriately matched in terms of all
factors likely to affect the characteristic being measured
except levels of exposure? Were the levels of exposure
measured in comparable ways in all the organisms?

Unless all the relevant questions can be answered in the
affirmative, the potential for bias cannot be categorized as
"low".

Typically, ecological systems are very variable in time and space
and are influenced by many uncontrolled factors. Without very
careful attention to design of sampling and matching of control
and study areas, the potential for bias is usually very large.

Criteria for categorizing potential bias

LOW: 1. Study design fully documented and sufficient to
make samples or observations representative of intended
object of study; and

2a. control areas fully described and characterized,
and matched to study areas in terms of all factors
likely to affect the characteristic being measured
except levels of exposure; or (in case comparisons are
made among samples with different levels of
contamination)

2b. samples matched in terms of all factors likely to
affect the characteristic being measured except levels
of exposure; levels of exposure measured in comparable
ways among samples.

HIGH: one or other of the above criteria not met (e.g.,
samples not representative, control areas not described
or characterized, areas not appropriately matched, or
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samples not appropriately matched).

MEDIUM: one or other of the above criteria not fully met (e.g.,
control areas inadequately characterized, or areas or
samples incompletely matched).

In all three cases, professional judgment is required to
interpret and apply the terms "sufficient," "representative,"
"fully," "matched," etc.

Power

General Definition. The probability of rejecting the null
hypothesis when in fact it is false and the alternative
hypothesis is correct (Table C.5-2, footnote 2, in the IEA/RC,
and Table 3-1, footnote 2 of EPA's Attachment 3 in these
comments).

Application to Investigations of Biota at RMA and Inferences
about Health and Diversity. The term "power" has a precise
meaning and definition in statistics, where null and alternative
hypotheses also can be framed in precise terms. In ecology, the
term "power" has a much broader meaning, and it is often
difficult to frame null and alternative hypotheses precisely. In
the context of RMA, null hypotheses can be framed in terms like
the following:

-the average abundance of species X on RMA is not lower than
that in similar habitats in the western United States;

-characteristic A of species 
X is not lower on RMA than 

in
matched control site C;

-characteristic A of species 
X is not lower in contaminated

areas of RMA than in less contaminated areas of RMA;

-characteristic A of species 
X is not correlated with

exposure to contaminant Q among selected sites within RMA.

Although some of these ecological null*hypotheses can be
translated into precise statistical hypotheses about measurement
endpoints, this translation is sometimes uncertain or incomplete,
because the measurement endpoints are not precisely related to
the biological characteristics that are the subject of the
ecological hypotheses. For example, characteristic "A" might be
reproductive success; statistical tests conducted on components
of reproductive success, such as clutch-size or number of chicks
fledged, may not cover all the components that are affected by
the contaminant. Thus, although the concept of ecological power
includes the statistical power of the statistical test that is
conducted, it also includes other elements. In general,
ecological systems (populations, communities, and ecosystems) are
very "noisy" and are influenced by a wide variety of uncontrolled
variables. Unless this "noise" is taken into account, the power
of comparisons can easily be overestimated.
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Criteria for cateciorizina ipower.

HIGH: 1. Close correspondence between the quantities that
are measured and the biological characteristics that
are under investigation; and

2. ability of the study design to capture the major
sources of variance in the quantities that are
measured; and

3. (statistical power) ability of the study design to
detect an ecologically meaningful difference in the
quantities that are measured if such a difference in
fact exists and is related to levels of contamination.

LOW: One or more of the above three criteria not met.

MEDIUM: Uncertainty about one or more of the above criteria.

In all three cases, professional judgment is needed to interpret
and apply these criteria, including the words "close", "major",

and "ecologically meaningful."

Relevance

General Definition. Pertinent to the matter at hand (Table C.5-2

of the IEA/RC, footnote 3, and Table 3-1 , footnote 3, of EPA's
Attachment 3 in these comments)

Application to Investigations of Biota at RMA and Inferences
about Status and Health. The "matter at hand" is the extent to

which the "status" and "health" of the biota at RMA have been

impaired by the contamination there. Hence, a study is
"relevant" if it provides unambiguous evidence that some
characteristic of the biota that falls within the definitions of

"status" or "health" has or has not been impaired by the
contamination there. To do so, the study must be related to an a

priori hypothesis about the effects of specific contaminants on

RMA biota, and this hypothesis must be consistent with or be

suggested by the results of the risk assessment. For example, a

study comparing specific reproductive elements of reproductive
success (eggshell thinning and chick survival) in individual
pairs of American kestrels with residue levels of OCPs in their

diets, tissues, or eggs would have high relevance. However, a

study comparing the total numbers or average density of American

kestrels on RMA with those at a comparable site elsewhere would

have low relevance, because the risk assessment indicates that

the survival and/or reproductive success of kestrels may be

affected in certain parts of the site but not in others; this

does not yield a prediction of a change in total numbers or

average density without population modelling.
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Criteria for categorizing relevance

HIGH: 1. The study involves a measurement endpoint related

to an a priori hypothesis that the endpoint would 
be

affected by one of the contaminants present at RMA; 
and

2. the measurement endpoint reflects some aspect of

"status" or "health" as outlined above; and

3. the A_pLiLori hypothesis is consistent with the

predictions of the ecological risk characterization;

and
4. the study is carried out on a scale appropriate 

to

this prediction.

LOW: one or more of the above criteria is not met.

MEDIUM: Uncertainty about one or more of the above criteria.

In all three cases, professional judgment is needed 
to interpret

and apply these criteria, including the words "related,"

"consistent," and "appropriate."
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ATTACHMENT 2

Appropriate Scale for Investigation of Population Impairments

one of the general issues raised by EPA in its comments on the
IEA/RC is the issue of spatial scale. RMA is unusual among
Superfund sites in that it contains large areas with low or zero
contamination levels, as well as substantial areas with high
contamination levels. Hence, studies of population
characteristics that are conducted on an RMA-wide scale are
subject to confounding by mixing animals that are unexposed with
animals that are exposed to varying degrees. EPA believes that
the appropriate spatial scale for study and analysis of potential
effects of contamination should be determined on a species-by-
species basis, taking into consideration the scale of gradients
in contamination and the scale over which individual animals of
each species use the habitat.

The outcome of the risk assessment conducted under the IEA/RC is
a set of predictions that animals are at high risk of adverse
effects in central areas of RMA and at low risk in peripheral
areas. The location of the boundary between areas of high risk
and low risk is very uncertain (because of uncertainties in the
process of risk assessment and disputes about procedure) and
varies from species to species (because of differences in factors
controlling exposure, spatial averaging over home ranges, and
differences in sensitivity to toxic effects).

If the predictions of the risk assessment are correct, one would
expect gradients of effects within RMA from the contaminated core
areas to the uncontaminated peripheral areas. Field
investigations within RMA, if properly conducted, might serve to
confirm or to refute these predictions. If the effects are
confirmed, field investigations might serve further to define the
areas over which the effects take place, and their consequences
for populations and communities on larger scales.

The major effects predicted by the risk assessment include lack
of occupation (e.g., because of reductions in prey populations or
other habitat impairments), increased mortality, and/or reduced
reproductive success. Each of these effects could be measured
directly with appropriately designed studies. Increased
mortality or reduced reproductive success may be detected
indirectly by observations of gradients in population density.
However, such observations need to be interpreted carefully in
relation to the population dynamics of the species under study.
Effects of increased mortality or reduced reproductive success
may be offset partially or fully by net immigration from
surrounding areas where effects are smaller or absent. Hence,
the observation that numbers of animals are present in the more
contaminated areas is ambiguous unless survival rates or
reproductive rates are measured, or unless rates of irnmigration
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and emigration are measured or taken into account through
modelling.

EPA believes, therefore, that investigation of potential effects
of contamination of the biota of RMA requires: (i) studies
conducted on a scale smaller than the site; and (ii) explicit
consideration of population dynamics of the species studies,
including rates of dispersal. Several field studies at RMA have
in fact been conducted on scales smaller than the site, and the
Army has attempted to interpret them by comparing measurement
endpoints between putatively contaminated and uncontaminated
areas. EPA believes that none of these studies provides strong
evidence either for or against the predictions of the risk
assessment (in part because of objectives that were unrelated to
the ERC, or errors of interpretation, as documented in this
report, and in part because none of the studies has been
interpreted in terms of dispersal or other elements of population
dynamics). However, EPA agrees with the general assumption
underlying the Army's interpretation of these studies:
comparisons between contaminated and uncontaminated areas, if
correctly designed, executed, and interpreted, could provide
useful information about the existence, magnitude, and spatial
scale of adverse effects of RMA contamination at the individual,
population, or community level.

Nevertheless, the Army appears to believe that the results of the
field investigations can only be interpreted at the scale of the
entire site, and evidence of impairment in one part of the site
would not be significant unless effects could be demonstrated on
the entire RMA population.

In the text of Appendix C.5, the Army generally uses the term
upopulation" as though it applied to the entire population of a
species within the RMA boundary. EPA disagrees with the Army's
positions on the appropriate scale for population assessment, for
the following reasons:

1. The Army's positions are internally inconsistent.
Although the Army states that "populations cannot be defined and
population parameters cannot be measured at anything less than an
RMA-wide scale," the Army cites and conducts a number of analyses
comparing population parameters between "contaminated" and
"uncontaminated" areas within RMA. The Army's retrospective
analyses comparing measurements of ecological endpoints among
sites within RMA with values of ESC are examples of these
analyses, and are applied to some of the most wide-ranging and
mobile species (e.g., American kestrel, burrowing owl, great
horned owl).

2. The boundary of RMA is not a natural ecological boundary
and populations within the boundary are not isolated from those

outside it.

9



3. Although the Army states that the 'mobile, upper-trophic

level species ... must be assessed in the context of their

inclusion in populations that extend outside the RMA boundaries",

Appendix C.5 does not in fact assess any species in this context.

4. At least in the breeding season, most of the "mobile,

upper trophic level species" are, in fact, limited to territories

or discrete home ranges that are much smaller than the entire

site. It is therefore meaningful and legitimate to analyze data

on these species by individual territory or subpopulation (as the

Army does in several cases). As an example, one of the species

considered by the Army for which individuals range over the

entire site (or larger areas) during the period for which they

are assessed is the bald eagle. Although individual bald eagles

may focus their feeding (and hence, their exposure) within

limited parts of the site, EPA agrees that population assessment

of bald eagles should be based on the entire group using the site

as a roost.

5. For example, there is nothing in the ecological

literature to indicate that populations can only be defined 
and

studied on a scale on which they are isolated from neighboring

populations. Recent ecological textbooks make it clear that

populations can be defined and studied at any scale:

"arbitrarily at the convenience of the investigator" (Ricklefs

1990); "boundaries are determined by an investigator's purpose or

convenience" (Begon et al. 1990).

EPA believes that the appropriate spatial scale for study 
is the

scale of the predictions which the studies are designed 
to test.

Depending on the species, this scale may be that between 
the core

area with high average contaminant levels and the peripheral

areas with low average contaminant levels, or on a smaller 
scale

of local contamination gradients within the core area.

At RMA, the appropriate spatial scale for study is the scale 
of

the predictions which the studies are designed to test.

Depending on species, this scale may be that between the 
core

area with high average contamination levels and the peripheral

areas with low average contamination levels, or on a 
smaller

scale of local contamination gradients within the core 
area.
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ATTACHMENT 3

EPA's Review of Key Documents pertaining to RNA Ecological Status

and Health

This attachment.surnmarizes EPA's review of many of the documents

cited by the Army in Appendix C.5, Ecological Status and Health.

our review of each study included the following types of

information: who conducted the study and the dates of study, the

purpose of the study, summary and results, a comparison of the

Army's and EPA's conclusions, the differences between the Army's

and EPA's conclusions, the relation of the study to issues raised

by EPA in its September 20, 1993 comments on Appendix C.5, and

EPA's characterization of bias, power, and relevance. EPA's

characterization of bias, power, and relevance for each study is

summarized in Table 3-1 of this attachment.



Aquatic Snail Population Density and Biomass.

Study conducted by: Environmental Science and Engineering,
Inc.(ESE, 1989); pages B-27 through B-33; pages 5-311, 5-316, and
3-18.

Puri)ose of study: "...invertebrate groups were selected for
population studies as a means of evaluating potential effects on
their populations (pages 3-18, 5-316).

Dates of study: 1986, 1987

Summary of study:

Aquatic snails were surveyed to provide information on total body
weights and snail densities. Snail densities and total weights
were estimated from seven sites in.each of two years (1986 and
1987), although the same sites were not evaluated in each year
(page B-27).

Aquatic snails from RMA lakes, including Lake Mary, Rod and Gun
Club Lake, Lake Derby (Upper or Lower not specified), and Lake
Ladora sampled compared with three control sites labeled as
Wellington A,B, and C., The statistical tables associated with
this report also repeatedly refer to an RMA lake identified as
"North Bay" (pages B-29, B-30, B-31, and B-32). It is presumed
that the authors intended to indicate the RMA waterbody known as
North Bog.

As previously noted, the study incorporated five RMA lakes,
regarded as "contaminated sites", and three offpost controls.
However, only seven sites were sampled and compared in each of
two different years (1986 and 1987). Thus, the same sites were
not evaluated in each year (page B-29). For example, the five RMA
lakes were compared against Wellington A and Wellington B in
1986, and with Wellington A and Wellington C in 1987 (page B-27).
Analyses for contaminant burdens were not made.

Summary of results:

Snail densities and snail total weights were compared
statistically between RMA lakes and the control sties. The lack
of correspondence in sampling and analytical sites prevented the
use of either the two-way ANOVA or ANOVA methods for evaluating
the effect of either year or "contamination level,, on snail
density or snail weight (page B-27). Instead, separate one way
ANOVA analyses comparing snail densities and total weights across
sites was performed for each year. Statistically significant
relationships were established, although substantially different
statistical variances were observed. In fact, the authors state:

... [t]he very highly significant heteroscedasticity detected
by the Fmax Test is of considerable concern... (page B-27).

The authors report their findings in a section labeled "Remarks"
(pages B-28-B-33). Their comments were as follows:
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Rvariances were very highly heteroscedastic for all four analyses

(p <<0.001). Even though the results of the parametric analyses

are reported in full, subsequent consideration will only 
focus on

the results from the Kruskal-Wallis one way ANOVA by ranks 
(for

both usual and residual ANOVAs).

" Density 1986 - the significant differences among the

seven sites were, in part, affected by differences

between controls, differences among the contaminated

sites, and differences between controls as a group and

contaminated sites as a group (Table B2-1). Although

the covariates significantly affected snail density,

similar differences among sites persisted in the ANOVA

by ranks on the residuals, with the exception that mean

values among the contaminated sites were

indistinguishable.

" Density 1987 - The significant differences among the

seven sites were, in part, affected by differences

between controls, differences among the contaminated

sites, and differences between controls as a group and

contaminated sites as a group (Table B2-2). Although

the covariates significantly affected snail density,

similar differences among sites persisted in the ANOVA

by ranks on the residuals, with the exception that mean

differences between control sites as a group and

contaminated sites as a group did not obtain

significance.

" Weight 1986 - The significant differences among the

seven sites were, in part, affected by differences

between controls, differences among the contaminated

sites, and differences between controls as a group and

contaminated sites as a group (Table B2-3). Although

the covariates significantly affected total snail

weight, similar differences among sites persisted 
in

the ANOVA by ranks on the residuals without exception.

" Weight 1987 - The significant differences among the

seven sites were, in part, affected by differences

among the contaminated sites, and differences between

controls as a group and contaminated sites as a 
group

(Table B2-4). Although the covariates significantly

affected total snail weight, similar differences 
among

sites persisted in the ANOVA by ranks on the residuals,

with the exception that an additional difference

between controls was revealed."

The authors summarized their finding in a conclusory 
section of

the document. Their conclusions are as follows (page 5-311):

The results of statistical analyses indicated that 
a very

high degree of variability exists among sites and 
between

years. Multiple regression analyses of snail results 
with

the covariates of vegetation (substrate) weights,

temperature, and pH indicated that these factors 
affected

results.
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Interpretation of these analyses suggests that differences

between on-post (contaminated) sites and off-post (control)

areas are attributable to a number of environmental factors,

some of which vary with time (e.g., temperature, amount of

substrate, etc.) The lack of contaminant analyses for

aquatic snails and the lack of pattern in variability do not

allow any conclusions with respect to the possible effects

of RMA contaminants on aquatic snail populations of RMA.

EPA's conclusion:

This study does not provide useful information for assessing

aquatic snail population densities or total weights because the

multiple regression analyses of snail results with the covariates

of substrate, weight, temperature, and pH indicated these factors

affected the results of the study. As a consequence, the authors

note that differences between onpost and offpost sites are

attributable to a number of environmental factors, some of which

vary with time, notably temperature, and substrate (page 5-311).

The large differences in statistical variances ("highly

significant heteroscedasticity") ranging from F... = 6,424.6 to

F,a, = 27,996.4 for aquatic snail density and

F,a, = 1,100.0 to F ax = 58,900.8 for total snail weight caused the

authors "considerable concern" (page B-27).

The statistical variation and the interference of the covariates

with variables of interest do not allow the data to be used to

draw inferences or conclusions. EPA agrees with the authors who

state (page 5-311):

The lack of contaminant analyses for aquatic snails and the

lack of pattern in variability do not allow any conclusions

with respect to the possible effects of RMA contaminants on

aquatic snail populations at RMA.

Army's conclusions:

The above-referenced data indicate no obvious contaminant effects

on population density of grasshoppers, earthworms, or aquatic

snails (page C.5-53).

Differences between EPA's and Army's conclusions:

EPA believes the Army's conclusion with respect to aquatic snails

is unwarranted. The Army summarizes the study by suggesting that

there are "...no obvious effects on population density of

... aquatic snails." What is not stated is that the data

themselves do not allow effects on either population densities 
or

total weights to be assessed. The authors of the study

specifically surnmarize their findings by indicating that the

data, " ... do not allo with respect to possible

effects of RMA contaminants on aquat c snail populations at RMA"

[emphasis added]. EPA concurs with this conclusion.
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Bias, power, and relevance:

Aquatic snail population density and biomass was included in the
Army's table of bias, power and relevance (Table C5-2). The Army
has categorized bias, power, and relevance for aquatic snail
studies as low, high, and medium, respectively. EPA's
categorization of bias, power, and rel-evance is as follows:

Categorization Comments

Aquatic Snail Population Density and Biomass

Bias HIGH Variables of interest could not be
reliably measured because of
confounding covariates including
substrate, weight, temperature, and
pH. Time variable environmental
factors were a particular problem.

Power LOW The null hypothesis could not be
rejected because of confounding
covariates. The lack of contaminant
analyses and the lack of a pattern
in variability obviated conclusions
drawn from the data.

Relevance LOW No a priori hypothesis is
presented. If the study had
appropriately and consistently used
control sites throughout the study,
had accounted for environmental
variation, and had used
measurements of contaminants in
substrate and snail tissue, it
could have yielded useful
information regarding population
density and total weight in
relation to contaminant levels.
However, there is no a priori basis
for predicting that aquatic snails
would be affected at the
contaminant concentrations
occurring at RMA.
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Invertebrates

Study conducted by: Environmental Science and Engineering, Inc.,
(ESE, 1989), Pages 3-18 through 19, 4-32 through 4-36.

Purpose of Study:
invertebrate groups were selected for population studies

ýs**a means of evaluating potential contaminant effects on
their populations (pages 3-18, 5-316).

Dates of Study: Earthworms: Spring, 1987
Grasshoppers: Summer, 1986, 1987

Summary of Study: Invertebrates were surveyed to provide
information on occurrence, distribution, and relative abundance
(page 3-15). Following the survey, earthworms and grasshoppers
were also collected for contaminant analysis (arsenic, aldrin,
dieldrin, endrin, mercury, DDT, and DDE) (page 4-32).

Earthworms were sampled at one onpost "control" site (in Section
5), one offpost control site (Barr Lake), and one onpost
"contaminated" site (South Plants). Plots (1 m square, dug to a

depth of approximately 15 cm) were randomly selected at each
location, except for South Plants, where sampling was limited to
areas of suitable substrate (page 5-319). Four such plots were
located at the offpost control site, five plots were located at

the onpost control site, and five plots were located in South
Plants. Information was neither provided nor referenced
regarding soil contamination, and the precise locations of study

areas were not reported. Descriptions of the Barr Lake control
site (page 3-7) were too general to ascertain whether the control

site was adequately selected or not. The onpost "control" site
may have been inadequately selected.

Grasshopper abundance was estimated at two onpost "contaminated"
sites (Sections 26 and 36), at two onpost control sites (Sections

7 and 8), and at two offpost control sites. Grasshoppers were
counted within O.lml plots at 10-m intervals along five 100-m
transects located in each onpost and offpost area. As for

earthworms, information regarding soil contamination and precise

locations of study areas were not reported. Following the
population surveys, grasshoppers were collected for contaminant
analysis along the population transects. Descriptions of the

offpost control sites (page 3-9) were too general to determine
adequacy of control site selection. In addition, it appears

that numerous variables, such as time of day, temperature, and
floral characteristics were not comparable for sampling at the
different sites (page B-33).

Summary of Results:

Population Studies: For earthworms, results of population
comparisons indicated that onpost and offpost controls were

significantly different, and that controls as a group were

significantly different from the South Plants site (page 5-319).
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For grasshoppers, the sample results were highly variable, and
statistical analyses indicated no significant differences among
sites (page 5-317). However, 11[d]ifferences in time of day,
temperature, and floral characteristics (height and density)
associated with each of the quadrats could have a confounding
effect on grasshopper density beyond that directly associated
with the statistical treatments described... 11 (page B-33).

Contaminant Analysis: Contaminant levels in RMA
invertebrates are presented on Figure 4.3-2, and discussed in the
text of Section 4.3.2.2. For earthworms, only two samples (only
one analyzed for OCPs) were collected from the onpost
"contaminated" site (location not specified, and no soil
measurements taken) in South Plants, eight were collected from
the onpost control site, and two were collected from the offpost
control site at Barr Lake. For the offpost control earthworm
samples, no COCs were detected. For the onpost samples, arsenic
was observed in all eight samples from the onpost control site,
but not in the South Plants ("contaminated site,,) sample
dieldrin was detected in the South Plants sample and in ýne of
seven onpost control samples, endrin was detected only in one of
the onpost control samples, and mercury was detected in two
samples (second earthworm sample from "contaminated site"
analyzed for mercury only) from South Plants, and in two of eight
samples from the onpost control site.

Results indicated significant differences among the three sites.
When the two control sites were pooled and compared to the
ucontaminated" site, only comparisons for arsenic yielded
significant differences. However, the Army stated that ..."Due
to low sample sizes, differences between onpost control and
contaminated sites may have remained undetected" (page 4-35).
EPA agrees. Since the sample sizes are so small, the statistical
power of such a study to draw any conclusions regarding
statistical differences in contaminant concentrations among sites
is virtually non-existent. In addition, since no information is
provided regarding soil contamination levels, comparison is
meaningless in terms of assessing impairment.

For grasshoppers, neither DDE nor DDT was detected in any of the
samples. Arsenic and mercury were detected at only one of the
"contaminated" sites (Section 36), aldrin and endrin were
detected at only one of the "contaminated" sites (Section 26),
and dieldrin was detected in both Section 26 and 36 samples. All

analytes were below detection in onpost and offpost control
samples. Results varied among the COCs regarding significant or

non-significant differences between contaminated, pooled
contaminated, control, and pooled control sites. No conclusions
were drawn regarding statistical analysis of contaminant levels

in grasshoppers (page 4-36).
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EPA's Conclusions:

Status: This study did not provide useful information regarding

the status of earthworms or grasshoppers Arsenal-wide because the

sample locations were too few, and it is unclear how onpost

ucontaminated" versus onpost "control" sites were selected. In

addition, for grasshoppers, variations in time of day,

temperature, and floral characteristics were not controlled among

the sites. If this study were designed using larger sample sizes

and selection of "contaminated" versus "uncontaminated" sites on

the basis of actual soil contamination values, this study might

have provided useful population data for comparison among sites.

This information could have been useful in the "weight-of-

evidence" approach used by the Army. The current data, however,

cannot be used for that purpose.

Health: The study provided no information on the "health" of

earthworms or grasshoppers at RMA at the individual, population,

or community level.

Impairment: The study did not provide information on the

possible impairment of invertebrates at RMA, in that there was no

attempt to measure or estimate contaminant exposure and resultant

toxic effects. In addition, the high dieldrin detection in

earthworms in the onpost "control" area indicates that this area

should have been considered part of the "contaminated" site, and

not used as a "control,, site. Had sites been selected on the

basis of actual soil contamination values, and soil and biota

samples co-located, and a larger sample size used, this study

might have provided quantitative information regarding

contamination levels in earthworms and grasshoppers in

contaminated versus uncontaminated sites. As it stands, no

information regarding the impairment of earthworm or grasshopper

populations can be ascertained from the Biota RI.

Army's Conclusions:
For earthworm densities, results indicated that the on- and

offpost control sites were significantly different, and that both

control sites were significantly different from the contaminated

site... (page C-5-52).

The ... data indicate no obvious contaminant effects on

population density of grasshoppers or earthworms. Earthworm

population and tissue contaminant levels were reported as not

indicative of adverse contaminant effects (ESE 1989) (page C.5-

53).

Differences in population density for earthworms were not

consistent with patterns of contamination (e.g., the onpost

control site had the highest population density) (page C.5-52).

Differences between EPA's and Army's Conclusions: EPA believes

the Army's conclusions are unjustified, for several reasons:

Earthworms

1. For earthworms, the st-udy reports that significant
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differences between the control sites and the contaminated
site were significant only for arsenic, and that ..."Due to
low sample sizes, differences between onpost control and
contaminated sites may have remained undetected."

2. Comparisons of Figure 4.3-2 and Table B.2-7 in the
earthworm study show that five sample plots were located in
South plants, resulting in a mean density of 2.6 worms, and
two composite samples for analysis; five sample plots were
located in the Section 5 onpost control area, resulting in a
mean density of 56 worms, and eight composite samples for
analysis; and four sample plots were located at Barr Lake,
resulting in a mean density of 2.5 worms, and two composite
samples for analysis. Of the eight samples analyzed from
Section 5, one had a dieldrin hit much higher than the
detection in the sample from South Plants.

Since it is not apparent that either the onpost
"contaminated" or "control" sites or location of sample
plots were selected on the basis of actual soil
contamination levels, it is likely that one of the earthworm
sample plots located in Section 5 may have intersected an
unanticipated "hot spot". The onpost control site may have
therefore been inappropriately selected, and the resulting
comparisons are meaningless. In fact, it may have been more
appropriate to pool the date from the onpost "contaminated"
site with the onpost "control" site, and compare results to
the offpost control site. It is therefore inappropriate to
draw conclusions that "earthworm densities were not
consistent with patterns of contamination".

3. The sample sizes used in this study are insufficient to
draw any conclusions regarding the comparative densities of
earthworm populations. Based on the mean density and
variance values reported on Table B.2-7, the small sample
sizes render these data unusable for drawing any statistical
comparisons of field observations. For example, for the
South Plants site, to obtain a mean of 2.6 with a variance
of 33.8, at 80 percent confidence and 20 percent precision
(80 percent confidence and 20 percent precision are
typically the minimally acceptable parameters to allow
inferences about populations), a minimum of 297 sample plots
would be required. The Army sampled from 5 sample plots.
The resulting mean and variance are associated with 25
percent confidence and 50 percent precision. As a result,
conclusions regarding earthworm populations from these data
are virtually meaningless.

4. The lack of evaluation of actual exposure to soil
contamination negates any attempt to draw conclusions
regarding effect of contaminants on earthworm or grasshopper
populations at the Arsenal.

5. The statement that differences in population density
were not consistent with patterns of contamination may be
attributable to the process of site selection, rather than
any contamination effects-(see issue 2, above).
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6. No statement was found in the study reporting that
earthworm population and tissue contaminant levels were not
indicative of adverse contaminant effects.

Grasshoppers

1. Population characteristics cannot be compared among
"contaminated" and onpost or offpost "control" sites, since
there was no effort made to collect sample data under
similar environmental and vegetative conditions.

2. Grasshopper tissue samples were not co-located with any
soil data, nor was information presented that actual soil
concentrations in the vicinity of grasshopper samples was
known. Therefore, no inferences can be made regarding
contaminant effects on population densities of grasshoppers.

3. The sample sizes used in this study are also
insufficient to draw any conclusions regarding abundance of
grasshopper populations. Based on the mean density and
variance values reported on Table B.2-5, the small sample
sizes render these data unusable for drawing any statistical
comparisons of field observations. For example, for the
contaminated site, to obtain a mean of 8.92 with a variance
of 247.27, at 80 percent confidence and 20 percent
precision, a minimum of 185 sample plots would be required.
The Army sampled from 26 sample plots. As a result,
conclusions regarding grasshopper populations from these
data are virtually meaningless.

Relation of This Study to Issues Raised by EPA:

1. Definition of Ecological "Health". The Biota RI
provided no information on the "health" of earthworm or
grasshopper populations at RMA.

2. Appropriateness of Offpost Control Areas. For
earthworms, not only was the offpost control area
inadequately described in comparison to the
"contaminated" site, but the onpost control site
appears to have been erroneously selected as a control
site. For grasshoppers, the offpost control sites were
described too generally to ascertain their
appropriateness as control sites.

3. Spatial Scale and Within-RMA Comparisons. The spatial
scale for these relatively sedentary species seemed
appropriate. The within-RMA comparisons, however, are
inconclusive, since no attempt was made to determine
actual soil contamination levels at either
"contaminated" or "control" sites. Conclusions
regarding contaminant effects on population densities
of invertebrates are, therefore, inappropriate and
misleading.

4. Relationship of Ecological Characteristics to
Contamination Levels.- No information was collected,
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presented, or used regarding soil contamination levels
in the areas where population densities were studied.

5. Population Characteristics. Sample sizes of four and
five are insufficient to draw conclusions regarding
population characteristics of earthworms. For
grasshoppers, sample sizes appear adequate to make
inferences about relative numbers, but no other
population characteristics were studied.

6. Treatment of Uncertainty. No discussion of uncertainty
was presented either in the study report, or in the
Army's summary of it.

Bias, power, and relevance:
Both grasshopper abundance and earthworm population density

were included in the Army's table of bias, power, and relevance
ratings (Table C.5-2). The Army categorized bias, power, and
relevance for both grasshopper abundance and earthworm abundance
as low, medium, and high, respectively. EPA's categorization of

bias, power, and relevance are as follows:

Categorization Comments

Earthworms

Bias HIGH Only two sites were evaluated on RMA using
very small sample sizes. The study sites
were not selected to be representative of
contaminated and uncontaminated areas, and
the study site locations were not matched for
other factors that would affect earthworm
density.

Power LOW Sample sizes were much too low to detect
differences between control and contaminated
sites.

Relevance LOW Whereas the Army cites studies of
bioaccumulation in earthworms by Korschgen
and Beyer and Gish, there was no a priori
hypothesis presented that contaminants at the
levels found might affect earthworm
abundance.

Grasshoppers:

Bias HIGH Study and control sites were not matched
for environmental characteristics.

Power MEDIUM Sample sizes were adequate to assess
differences between a contaminated and
an uncontaminated site, had the study
been designed for this purpose. However,
to ext-rapolate Arsenal-wide, a larger
number of sample locations would have
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been required.

Relevance MEDIUM If the study had included enough samples
to yield adequate power (including
actual measurements of soil
contaminants), it could have yielded
useful information regarding population
density of grasshoppers in relation to
contaminant levels.
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Biomarker Endpoints

The Army has cited the use of two biomarker endpoints used as
indices of "harmful levels of chemical contamination" (page C.5-
55-56). These biomarkers included acety1cholinesterase (AChE)
inhibition in brain tissue and eggshell thinning. The Army
asserts (page C.5-55) that these biomarkers, 11 ... are specific
possible effects of some of the contaminants at RMA." The
application of these parameters is considered below.

Study conducted by: Data on these parameters were collected as
part of the Biota RI (ESE 1989).

Purpose of study: ... to evaluate whether these adverse effects
of (AChE inhibition and eggshell thinning) were occurring at RMA
on or near sites of known contamination" (IEA/RC, P. C.5-56).
However, the Biota RI did not state this or any other purpose of
the studies.

Summary of studies:

AChE analyses were performed on brain tissues of several species
including mallard, ring-necked pheasant, black-tailed prairie dog
and desert cottontail within the RMA boundaries and from control
sites more than 40 miles from RMA (page C.5-56). Additionally,
six fortuitous specimens from the RMA were examined, i.e., three
red-tailed hawks, two golden eagles, and one mourning dove.

Eggshell thinning was investigated in the eggs of mallards,
pheasants, and kestrels. These samples were collected as part of
the Biota RI (page C.5-56).

Summary of results:

AChE inhibition was found only in prairie dogs living in or near
the Toxic Storage Yard. The reductions were greater than 20
percent and were statistically significant (p < 0.01). The
decrease could not be directly related to any observed
contaminant in the area, but appeared to be associated with
concentrations of arsenic and other metallic substances at the
site (ESE 1989, p. 5-321).

Eggshell thinning was not observed in samples of ring-necked
pheasant or American kestrel eggs on the RMA as compared with
off-post control sites. The data for mallards were inconclusive
because only one egg was collected onpost (ESE 1989, Table 5.3-
7).

EPA's conclusions:

AChE inhibition is classically a function of exposure to
organophosphorus-based compounds. Given the Army's continued
reassurances regarding the lack of Agent on the grounds of RMA,
and the fact that the COCs at RMA are primarily organochlorine-
based substances, AChE testing is not appropriate for assessing
the adverse effects of RMA compounds of concern. This contention
is supported by the USFWS data on fortuitous samples. Of the
several dozen AChE analyses performed at necropsy on animals
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suffering frank and apparent symptoms of unknown origin, AChE
inhibition studies have been uniformly negative. AChE analyses
are inappropriate for evaluating the adverse effects on
individuals and populations at the RMA because these analyses do

not address the major contaminating substances, i.e.,
organochlorine compounds, at RMA.

Eggshell-thinning studies have the potential for identifying
effects of exposure to DDE. However, ring-necked pheasants are
known to be insensitive to this effect of DDE, so the inclusion
of this species in the studies was inappropriate. Only one
mallard egg was collected onpost, so the study had zero power to
detect an effect in this species. In addition, the Risk
Characterization indicates that the potential for exposure of
mallards was very low (HQ of 0.05 for DDE/DDT, Figure D.1-20).
For American kestrels, likewise, there is no evidence for
significant exposure to DDE at any of the sample sites (Table
C.5-7). Thus, there is no a priori hypothesis that eggshell
thinning would have occurred in any of the samples, so the
studies have low relevance.

Army's conclusions:

Results of AChE and eggshell thinning studies did
not indicate that either adverse effect was
present at RMA as a result of contamination.
Sample sizes for mallard, pheasant, kestrel,
prairie dog, and cottontail were sufficient for
nonparametric statistical analysis. Incidental
data on other species, though inconclusive, were
consistent with these results (pages C.5-56-57).

Differences between EPA's and Army's Conclusions:

EPA does not believe AChE inhibition is an appropriate biomarker

for evaluation of adverse effects of the contaminants of concern

on individuals or populations at the RMA. AChE testing is

useful for determining the effects of Agent or organophosphorus
compounds. However, since the COCs at the RMA are primarily
organochlorine substances, the application of AChE testing would

produce no useful information regarding the impacts of the
principal COCs. EPA believes that inclusion of this parameter
and the conclusions drawn relative to it are inappropriate.

EPA regards the eggshell thinning studies as irrelevant for the

reasons stated. Hence, the Army's claim that this effect was not

present at RMA is inappropriate. It is unclear how the Army can

regard a sample size of 1 (mallard, onpost) as sufficient for

nonparametric statistical analysis.

Bias, power and relevance:

Both AChE inhibition and eggshell thinning are included in the

Army's table of bias, power and relevance (Table C.5-2). The

Army has categorized bias, power and relevance for AChE

inhibition as low, medium, and low, and eggshell thinning as low,

medium and high. EPA's categorization of bias, power and

relevance are as follows:
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Categorization Comments

AChE inhibition
Bias HIGH Control areas uncharacterized..

Power LOW Small sample sizes (1 to 9 per
species).

Relevance LOW AChE testing would be appropriate
for organophosphates, but not for
the COCs at RMA. In addition to
the lack of relevance to COCs at
RMA, no a priori hypothesis was
presented, as this investigation
was a part of the Biota RI.

E ggshell Thinning
Bias HIGH Control areas uncharacterized.

Power LOW-MEDIUM Sample sizes of 1 for mallard, 7
for pheasants, 22 for kestrel.

Relevance LOW No evidence of significant exposure
to DDE at any of the study
locations for any of the species;
pheasant known to be insensitive to
this effect.
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Prairie D098

The Army cited three major studies (MKE 1989a, ESE 1989, RLSA
1992) in its assessment of the status and health of black-tailed
prairie dogs at RMA. These three studies will be evaluated
sequentially in this section. The Army also cited background
information from several published studies and information on the
current status of prairie dogs from USFWS (1993a, 1993b); this
information will be considered only in evaluating and comparing
conclusions.

STUDY I (MKE 1989a)

Study conducted by: Morrison-Knudsen Environmental Services,
Inc. (MKE, 1989a) Pages 1, 18-20, 53-57.

Purpose of Study.
11 ... to (1) document the distribution and relative abundance
of [prairie dogs] across the RMA, (2) evaluate [prairie
dogs] use at RMA in relation to habitat types and
contamination sources, and (3) compare [prairie dogs] use at
RMA with selected offsite areas" (p. 1).

Dates of Study. June 1986 and May 1987 (p. 18).

Summary of Study. Prairie dogs were observed at 20 locations in
1986 and at the same 20 locations in 1987. The locations were
selected by driving along roads and choosing observation points
when at least 30 animals could be seen from a vehicle. Most
locations were in peripheral parts of RMA; only two were near
contaminated areas (p. 19). Six control sites were located at
Buckley Air National Guard Base or Plains Conservation Center in
1986 and 20 in 1987. Neither RMA nor control sites were
described. The only observations recorded at both RMA and
control sites were the relative numbers of adult and juvenile
animals.

Summary of Results. Results were presented in Table 4-1 (p. 55).
The proportion of juvenile animals at RMA was significantly lower
than that at the control sites in both years. The report
attributes these differences to "normal ecological factors,"
citing superior habitat at the control sites and higher predation
rates at RMA. The report concluded that contamination could not
be causally involved, because the average proportion of juveniles
at the four locations closest to contamination areas was higher
in each year than that at the more distant locations (p. 57). No

information on contamination was either reported or referenced,

however.
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STUDY II (ESE 1989)

Study conducted by: Environmental Science and Engineering, Inc.
(ESE, 1989). Pages 1-1, 3-16 to 3-17, 4-51 to 4-56, 5-322 to 5-
331.

Pur-pose of Study.

Part of the Biota Remedial Investigation (Biota RI), whose
overall purpose was to present an overall environmental
contamination assessment of biota within the RMA Study Area. (p.
1-1). Specific objectives of the Biota RI included evaluation of
data on contamination,'provision of specific information on the
migration and accumulation of contaminants in regional food webs,
and assessment of environmental effects of RMA contamination (pp.
1-8, 1-12). Objectives of the prairie dog study were to estimate
minimum population densities and overall distribution of prairie
dogs on RMA, to determine the relationship of this distribution
to major sites of contamination, and to estimate the number of
prairie dogs available as prey for bald eagles and other raptors
(p. 3-16).

Dates of Study. Summer 1987 and January 1988.

Summary of Study. Visual counts were conducted at 20 locations
on RMA in 1987 and at 12 locations on RMA in 1988; the latter
included two locations in Section 36 and two in Section 25 near
to contaminated areas. The method for selecting count locations
was not specified, but appears to have been similar to that used
in Study I (above). Sampling design for contaminant analysis
specified the collection of 39 carcass samples (18 from two
contaminated areas onpost, 13 from a control site onpost, and 8
from a control site offpost). Precise collection locations were
not reported and the extent of soil contamination at the
collection locations apparently was not assessed; the offpost
control site was not identified. Counts of juvenile/adult ratios
were reported also by MKE (1989a) and are discussed under Study I
(above).

Summary of Results. Contaminant concentrations were reported in
Table 4.3-1. High concentrations of dieldrin were measured in
most samples from contaminated areas (Section 36 and the Toxic
Storage Yard; range 0.064-13.4 ppm, N=19), lower concentrations
in a few samples from onpost control areas (BDL-0.346 ppm, N=14);
all samples from offpost control areas were BDL (N=18).
Population estimates averaged about 20 animals/ha and did not
differ significantly between winter and summer, or between
contaminated and control areas in winter (Tables 5.3-1 to 5.3-3).
However, only one of the four count locations was within the part
of Section 36 where prairie dogs were sampled for contamination
(Figures 4.3-12 and 5.3-1).
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STUDY III (RLSA 1992)

Study-conducted by: R.L. Stollar & Associates, Inc. (RLSA 1992),

Vol. IV, pp. 1-11.

Purpose of Study.

0[t]o estimate the relative abundance and distribution of prairie

dogs on RMA" (P. 1). The studies were undertaken because of the

importance of prairie dogs as prey for highly mobile species and

their role in contaminant transport (p. 1).

Dates of Study. Fall 1990; results compared with earlier surveys

in 1987-1989 (p. 1).

Summary of Study. The extent and distribution of prairie dog

colonies was determined by mapping, using aerial photographs and

field verification. Relative abundances were determined by

visual counts. Two plots were located in "potentially

contaminated" areas and four control plots in areas with no known

contamination (p. 4); the Figure cited mapped areas of active

prairie dog towns but did not indicate the locations of the study

plots.

Summary of Results. The area of active prairie dog towns on RMA

declined from 1,851 ha in Oct. 1988 to 98 ha in Oct. 1989 as a

result of an outbreak of campestral plague. By the time of the

1990 survey it had increased to 230 ha, in part because of

reintroduction efforts. Relative abundances (animals counted/ha

within towns) also declined between 1988 and 1990. The report

stated that "In 1988 and 1990 the relative densities of prairie

dogs in uncontaminated and potentially contaminated areas

appeared to be similar" (p. 7). However, no statistical analysis

was presented and no information on contamination was reported or

referenced.

OTHER INFORMATION CITED

The Army also cited information from an annual report (USFWS

1993a) and minutes from a meeting (USFWS 1993b). These reports

document the recovery of prairie dog populations following the

plague epizootic of 1988-89. The US Fish and Wildlife Service

relocated 5,229 prairie dogs to RMA between 1989 and 1991. By

1993, the area occupied by prairie dog towns had increased to 741

ha, with an estimated total population of 29,393 animals. A

survey of 27 litters (locations unstated) yielded a mean of 4.44

pups per litter. The Army stated that this value was at the high

end of the normal range found in several other studies, citing

four published studies (only one in Colorado).

The Army also cited information on tissue concentrations in

prairie dogs at RMA, including a number of specimens with

concentrations of aldrin/dieldrin or DDE above the MATCs.
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EPA's Conclusions:

Status: The studies and reports cited provided good information
on the distribution of prairie dogs at RMA and on the effects of
the plague epizootic, the reintroduction program, and natural
recovery. Although not measures of absolute abundance, the data
from visual counts provided useful quantitative information on
relative abundance.

Health: The studies cited provided useful information on litter
size and the juvenile/adult ratios at several points in time; the
value of this information is limited by the small number and
unsystematic selection of sample locations for juvenile/adult
ratios, and by the lack of location information for the
measurements of litter size. The studies document the effect of
the epizootic but do not provide any information on possible
interactions between contamination and plague.

Impairment: The surveys cited provided no usable information on
the possible impairment of the status or health of prairie dogs,
because of the lack of information on soil contamination or
exposure at the survey locations. The data on tissue
concentrations indicate risks to prairie dogs in some areas and
risks to their predators over wider areas.

Army's Conclusions:
"Average prairie dog density had no apparent correlation

with the general distribution of soil contamination in RMA where
prairie dogs occur. There were no statistically significant
differences (p>0.05) in prairie dog densities between the central
colony that included portions of Sections 25 and 36, which are
possible sources of contamination, and other colonies at RMA.
The percentage of juveniles in the population was significantly
lower at RMA in 1987 than in the offpost reference sites, but
about the same in 1993. ... Comparison of measured tissue
concentrations with whole-body MATC values for prairie dogs
indicated that some individuals are likely to be affected by RMA
contaminants. However, the effects of campestral plague, which
occurs as a well-documented phenomenon in natural populations
(RLSA 1992), and the subsequent managed immigration of thousands
of prairie dogs, especially between 1988 and 1990, have obscured
any potential effects of contamination" (p. C.5-20).

Differences between EPA's and Army's Conclusions. The first
conclusion appears to be wrong because contamination levels were
not reported, and no analysis of the relation between density and
"general distribution of contamination" was reported, either by
the original authors or by the Army. The Army's retrospective
analysis is unjustified for reasons stated in EPA's comments (see
comments on Retrospective Linking, Attachment 4). All the sites
at which prairie dog density was measured had soil contamination
levels close to or below the CRLs. The Army's second conclusion
is unjustified for the same reasons. The Army's third conclusion
appears to be incorrect because no information was c-ited for
control sites in 1993.

Relation of this Study to Issues Raised by EPA.
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1. Definition of Ecological "Health". This study was not
conducted on a regional scale and provides no
information on ecological "health" as defined by the
Army.

2. Appropriateness of Off-Post Control Areas. Off-post
control areas were used in all three studies, but were
not described and were stated to have differed in
important ecological characteristics from the on-post
study-areas.

3. Spatial Scale and Within-RMA Comparisons. Although the
Army's conclusions were purportedly based on
comparisons among locations within RMA, underlying data
were not reported in Study III. For all three studies,
the comparisons were informal at best.

4. Relationship of Ecological Characteristics to
Contamination Levels. No information was collected,
presented, or used on soil contamination levels. Only
one study plot (in Study II) was located within an area
where contamination levels were measured; even in this
case, there is no information on the contamination
levels at or near the observation point. The claim
that average prairie dog density had no apparent
correlation with the "general distribution" of soil
contamination was unsupported and conjectural. The

Army's retrospective analysis is invalid for reasons

stated elsewhere in these comments (Attachment 4).

5. Population characteristics. The studies cited provided

useful information on distribution, semi-quantitative
information on abundance and total RMA population, and

useful information on litter size and juvenile/adult
ratios.

6. Treatment of uncertainty. No discussion of uncertainty
was presented either in the study reports or in the
Army's summary of them, except for the Army's statement

that the effects of the epizootic obscured any
potential effects of contamination.

Bias, power, and relevance
The Army categorized the information on prairie dogs as

HMedium" for each of the factors bias, power, and relevance

(Table C.5-2). EPA's categorizations of bias, power, and

relevance are as follows:

Categorization Comments

Bias HIGH All studies: Off-post control areas were not
described and were-stated to have differed
ecologically from on-post study-areas.
Effects of plague and subsequent recovery may
have confounded attempts to identify effects
of contamination.
I: Study locations were selected because
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they had large numbers of animals.
II: Selection of study locations not
specified, but apparently similar to that for
Study I.
III: Locations of study plots not indicated.

Power MEDIUM (1)20 study plots and 20 controls in 1987.
LOW (II) Only 4 study plots near contaminated areas;

only one within sampled area.
LOW (III) Only 2 study-plots and 4 controls in 1992.

Relevance HIGH The studies could have provided relevant
information on effects of contamination on
reproduction, distribution and abundance if
the problems of design had been overcome and
if levels of contamination had been measured
at locations of observations.
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American Kestrel

The Army cited four successive studies (DeWeese et al. 1982 and
unpublished, ESE 1989, RLSA 1990 and 1992, and USFWS 1992a and
1993) in its assessment of the status and health of American
kestrels at RMA. These studies will be evaluated sequentially in
this section.

STUDY I (DeWeese et al., 1982 and unpublished)

Study conducted by: DeWeese et al. (unpublished, ca. 1983; the
report was not paginated, but page numbers have been added
starting with the first page of the Abstract). The report by
DeWeese et al. (1982) is not available to EPA at the time of this
review, but the unpublished report appears to include the results
from both years of the study.

Purpose of study:

... "to determine the magnitude of organochlorine pesticide
contamination in the terrestrial system on the RMA" (p.3).

Dates of study: Spring-summer, 1982 and 1983.

Summary of study. The RMA study-area included all the land
within the RMA boundary; two control study-areas were established
0.5-16 km and 68-95 km away from RMA; each study-area included
several zones at different distances and directions from RMA.

Habitats differed considerably both among and within RMA and
control study-areas. Fifty-three nest boxes were placed in the
RMA study-area and 38 in the control study-areas; locations of
nest boxes were not described or mapped and spacing between boxes
varied widely. Boxes were visited at 10- to 14-day intervals.
Methods and criteria for determining clutch size, hatching
success, and fledging success were not described. One egg was
removed for contaminant analysis from each clutch laid on RMA and
from "a portion" of the clutches in the control study-areas.

Summary of Results. Pooling data from the two years, 41 nest
attempts were recorded at RMA, 35 in the near-RMA control area
and 22 in the distant control area. Hatching success and
fledging success were lower on RMA than in the control areas, but
the differences were not statistically significant. However, the
difference in the proportion of nestlings that died or
disappeared (27% at RMA, 14% in controls) approached statistical
significance (P = 0.06). When nests were stratified according to

distance (<1.6 km, 1.6-3.2 km, and > 3.2 km) from contaminated

zones (Basin A, Basin F and the chemical manufacturing plant),

both nest-box utilization and nest success varied strongly with

distance (Table 4). Dieldrin was detected in 25/41 eggs
collected on RMA but in only 2/24 eggs from control areas. The

authors stated: "When dieldrin concentrations in sample eggs
were plotted against the success of nests sampled, no strong
negative correlation was detected" (p.9). However, the data

supporting this statement were not given, and no formal analysis

was presented.
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STUDY II (ESE 1989)

study conducted by: Environment Science and Engineering, Inc.

(ESE, 1989). Pages 1-1, 3-21 to 3-24, 4-37 to 4-40, 5-341 to 5-

348.

Purpose of study: Part of the Biota Remedial Investigation

(Biota RI), whose overall purpose was to present an overall

environmental contamination assessment of biota within the RMA

Study Area (p. 1-1). Specific objectives of the Biota RI

included evaluation of data on contamination, provision of

specific information on the migration and accumulation of

contaminants in regional food webs, and assessment of

environmental effects of RMA contamination (pp. 1-8, 1-12).

Objectives of the kestrel study were to determine organochlorine

concentrations in and nesting success of American kestrels and to

compare current findings with the 1982 and 1983 results and with

data on concurrent controls as an indication of trends in

terrestrial contamination at RMA (p. 3-20).

Dates of study. Spring-summer, 1986.

Summary of study. "About" forty-five nest boxes were placed on

RMA and on each of two control areas north of RMA, a near-zone

within 10 miles and a control zone more than 40 miles away.

Control areas were not described. The basis for selecting nest

box locations was not stated; the distribution of boxes on RMA

appears to have been haphazard, with only 7 or 8 boxes located

near the more contaminated areas (Figure 3.2-3). Methods and

criteria for determining clutch size, hatching success and

fledging success were not described. One egg was removed for

contaminant analysis from each active nest box in each of the

three study-areas in each year. A "representative sample" of

young kestrels was also collected prior to fledging from each

area (p. 3-21).

Summary of Results. Contaminant concentrations were reported in

Figures 4.3-3 and 4.3-4. Dieldrin was detected in 17/33 eggs

collected on RMA, compared to 0/11 from control areas. High

concentrations of dieldrin (1.01-3.63 ppm) were reported in eggs

and/or nestlings from five nest boxes on RMA, including 4/8 
boxes

near the more contaminated areas and one in a remote area near

the RMA boundary. Productivity of kestrels on RMA in 1986 was

2.24 fledged/nest attempt, higher than on RMA in 1982 and 
1983,

but still lower than in control areas in 1986 (2.78 fledged/nest

attempt) (Table 5.3-6). Most nest failures were in boxes along

First Creek; 2/5 of the failures in this area and 1/4 elsewhere

were associated with high dieldrin levels. However, the report

did not analyze the relationship between reproductive success 
and

contamination levels.

STUDY III (RLSA 1992)

Study conducted by: R.L. Stollar & Associates, Inc. (RLSA 1992),

Vol. IV, pp. 13-15. The Army also cited RLSA (1990), but the

1992 report appears to include all the information on American

kestrels for both survey years except the contamination 
data for

1988.
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Puripose of Study. Not stated (p. 14).

Dates of Study. May-July 1988 and 1990; results compared with

earlier surveys in 1982-1986 (p. 14).

Summary of Study. Fifty nest boxes were observed at RMA in each

year, including the 45 used in Study II plus five new boxes

installed in 1988; 23 off-site boxes (locations unstated) were

observed in each year. "Eggs and nestlings were selected from

among the occupied boxes most correlated with the RMA BSAs and

appropriate control areas. Data on nest occupancy and success

were collected incidentally to this sampling program." Methods

and criteria for determining clutch size, hatching success and

fledging success were not described.

Summary of Results. Results are presented in Table 6.3-1. on

RMA, 17/50 nest boxes were occupied in 1988 and 21/50 in 1990;

off-site, 5/23 were occupied in 1988 and 7/23 in 1990. Locations

of occupied boxes were not described or mapped. Mean

productivity was lower on RMA than in the off-site nests in each

year (1.14 vs 1.20 in 1988, 1.52 vs 2.11 in 1990), but the

differences were not statistically significant (p. 15).

Contaminant concentrations are reported in Table 4.1-2 and 5.1-4.

Dieldrin was detected in most kestrel samples from RMA and in few

samples from off-site locations. Locations of collection sites

were not described or mapped. No analysis was presented of the

relationship between reproductive data and contaminant

concentrations.

STUDY IV (USFWS 1992a, 1993)

Study conducted by: U.S. Fish and Wildlife Service (USFWS,

1992a) Pages D-7 to D-14. The Army also cited USFWS (1993) in

its introductory paragraph, but did not summarize the data in 
the

text.

Purpose of Study. Not stated.

Dates of Study. May-July 1991 (p. D-7); 1992 (pp. 27-28).

Summary of Study. This study was a continuation of Studies I-III

(see above). In 1991, 46 nest boxes were monitored at RMA and 19

at four off-post control sties. In 1992, 24 breeding pairs were

monitored at RMA and 11 at two off-post control sites, but only

five of the off-post pairs laid eggs. No contaminant analyses

were conducted in either year.

Summary of Results. In 1991, the proportion of occupied boxes

was 27/46 at RMA and 12/19 at control sites. The average

productivity was 3.31 fledglings/nest attempt at RMA and 3.58 
at

control sites. Although the occupied boxes at RMA were mapped

(Figure 2) and productivity data were listed by box (Table 1),

the data were not analyzed in relation to location. In 1992, the

average productivity was 2.1 fledglings/pair at RMA (N=24) 
and

2.0 at control sites (N=5).
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EPA's Conclusions:

Status: The studies provided good information on the numbers and

trends of American kestrels nesting at RMA during a 10-year

period, and moderately good (incomplete) information on the

pattern of occupation of next boxes.

Health: The studies provided useful information on several

components of reproductive success in American kestrels at RMA,

and on the temporal trends in these components since 1982.

Although methods and criteria for measuring these parameters were

not stated in any of the studies, this information is probably

reasonably reliable.

Impairment: None of the cited studies listed investigation of

possible impairment among the stated objectives. Nevertheless,

the studies provided some information on the possible impairment

of the status and health of American kestrels at RMA. The data

suggest reduced productivity on RMA relative to offsite controls,

and lower occupancy and productivity in core areas of RMA versus

peripheral areas, especially in 1982 and 1983. These findings

are inconclusive, however, for the following reasons: poorly

matched off-site controls; unsystematic placement of nest boxes;

small number of nest boxes in contaminated areas, and low

occupancy of these boxes; limited analysis of the relationship of

reproductive success to location; inadequate information and lack

of analysis of the relationship of reproductive success to

contaminant levels.

Army's Conclusions: "The trends over time for on-post/off-post

comparisons are not consistent. ... The information associated

with tissue contaminant data from RMA and off-post control 
areas

(Attachment C.5-2) does not allow identification of possible

contributing factors that are related to habitat .... The

concentrations of dieldrin found in kestrel tissue and the

reduced reproductive success in the core area are consistent 
with

exposure pathways and possible adverse effects of contamination

and suggest that there was risk associated with dieldrin,

particularly in the early 1980s. However, no trend between nest

success and contaminant concentrations were observed in 1988 
and

1990 data for dieldrin. The statistically significant

correlation between nestling mortality and DDE concentration 
in

eggs may be spurious; it was not generally associated with higher

DDE concentrations in eggs or juveniles at RMA (p. C.5-35).

Differences between EPA's and Army's Conclusions: The Army's

first sentence is questionable. The most important measure of

reproductive success, number of chicks fledged per nesting

attempt, was lower at RMA than in the off-post areas in six of

the seven years of study. The Army's claim that trends were

"inconsistent" appears to be based on results for other

reproductive endpoints. The Army's last two sentences are based

on its retrospective analysis, which is invalid for reasons

stated elsewhere in EPA's comments (see comments on Retrospective

Linking, Attachment 4).
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Relation of these Studies to Issues Raised by EPA:

1. Definition of Ecological "Health". This study was not
conducted on a regional scale and provides no
information on ecological "health" as defined by the
Army.

2. Appropriateness of Off-Post Control Areas. Off-post
control areas were used in each study, but the
locations of the areas and the placement of nest boxes
were not described precisely in any report. Habitats
and other ecological information for the control areas
were not reported in any study except Study I, which
indicated substantial differences in habitat within and
among control areas and between the control areas and
RMA.

3. Spatial Scale and Within-RMA Comparisons. Study I
reported a comparison of reproductive success among
three zones based on increasing distance from areas
thought to be highly contaminated. Study II reported
an informal interpretation of the geographical pattern
of nest failures. Studies III and IV did not make any
within-RMA comparisons.

4. Relationship of Ecological Characteristics to
Contamination Levels. Although information on
contamination of eggs and fledglings was collected in
Studies I, II and III, the results were not analyzed in
relation to reproductive success in the original
reports. The Army's retrospective analysis of this
relationship is invalid for reasons stated elsewhere in
these comments (see Attachment 4). The assumption in
Studies I and II (and in the Army's assessment) that
location within RMA is a reliable index of exposure in
questionable, because Study II reported low contaminant
levels in several samples collected near the core areas
and a high level in one sample collected near the RMA
boundary.

5. Population characteristics. 717he studies provided good
information on the total breeding population of RMA and
on reproductive success over a 10-year period.
Although lethal poisoning is a known effect of dieldrin
in American kestrels, no information was collected on
survival of adult kestrels at RMA, either within or
between breeding seasons. Although lack of occupation
of nest boxes might reflect mortality, occupancy was
considered as a dependent variable only in Study I.

6. Treatment of uncertainty. No discussion of uncertainty
was presented either in the study reports or in the
Army's summary of them, except.in the Army's statement
about the unknown role of habitat differances between
RMA and control areas.
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Bias, power and relevance. The Army categorized the information

on American kestrels as "Low" for bias, "Medium" 
for power, and

"High,, for relevance (Table C.5-2). EPA's categorizations of

bias, power, and relevance are as follows:

Categorization Comments

Bias HIGH Off-post control areas were not

described in Studies II-IV and were

stated in Study I to have differed

in habitat from on-post study-

areas. Nest boxes were not

systematically placed and very few

were placed near core areas.

Variable occupancy of nest boxes

was not analyzed as a dependent

variable except in Study I, where

large differences were reported

related to location. Contaminant

levels were not closely correlated

with location; contaminant levels

in eggs and juveniles were not

correlated with ESC.

Power MEDIUM For RMA-offpost comparisons,

offpost samples were rather small;

a two-fold difference in chick loss

in Study I was not statistically

significant.

LOW For within-RMA comparisons, very

few nest boxes were placed near

core areas and few of these were

occupied.

Relevance HIGH The studies could have yielded

useful information on the

relationship between reproductive

success and contamination levels if

the problems of design had been

overcome and if the relationship

had been analyzed in a systematic

way. The results would have been

more relevant if survival of adults

had been measured as well as

reproductive success.

37



Burrowing owls

Study Conducted by- David L. Plumpton, December 10, 1991, in

USFWS FY 91 Annual Progress Report.

Purpose of Study.

..... [t]o (1) determine burrowing owl abundance on the RMA, (2)

locate areas on the RMA used by burrowing owls, and to quantify

habitat variables in selected and non-occupied habitats, (3)

determine the behaviors, productivity, morphology, and food

habits of burrowing owls breeding on the RMA, (4) determine

differences in behavior, productivity and density between owl

populations subjected to various management treatments.

Dates of Study: 1990, 1991.

Summary of Study: Abundance was determined by vehicular and foot

surveys. Physical and vegetative attributes were measured at

equal numbers of nesting burrows and "control" burrows (control

burrows were burrows within prairie dog towns that were not

selected for nesting). Behavior, productivity, morphology, and

food habit data were collected from mated pairs.

Summary of Results : A summary of results is presented on Tables

2.1, 2.2, and 3.1 through 3.9 and discussed in the text. Forty

seven nesting burrows and 47 unused burrows were studied. Each

year, one nest was located in a "contaminated area" (location not

specified, and no soil measurements taken), but no study

measurements were taken at these sites (reason not given). In

both years, two burrows were in areas that were mowed. Results

indicated that burrowing owls select burrows with greater

nearest-perch distances than control burrows (P=0.004), as well

as burrows with shorter mean grass height than controls (P=0.02).

For both years combined, mean productivity was 4.38 chicks 
per

nesting territory (range = 2 to 10).

EPA Is Conclusions:

Status: The study provided useful quantitative information on

burrowing owl abundance and productivity at RMA, as well as on

physical and vegetative variables associated with nest site

selection.

Health: The study did not provide information on the relative

"health" of burrowing owls at RMA at the individual, population,

or community level, in that no offsite control sites containing

nesting burrowing owls were part of the study.

Impairment: The study did not provide usable information on the

possible impairment of the status or health of burrowing owls 
at

RMA, in that there was no attempt to measure or estimate

potential contaminant exposure to the burrowing owls in this

study.

Army's Conclusions:

"Thus, while known diet and limited data on tissue levels

38



indicate contaminant exposure for some individuals, population

reproductive, fledgling, and breeding return data do not reveal

adverse effects on the population at RMA".

Differences between EPA's and Army's Conclusions: The Army's

conclusion is inappropriate with regard to the central issue 
of

whether contaminants at RMA are affecting individual burrowing

owls or burrowing owl populations at RMA. This is because the

Army considers the "population" of burrowing owls to be that

occupying the entire site. See comments on appropriate scale for

investigation of population impairments (Attachment 2). As

pointed out in EPA's comments on retrospective linking

(Attachment 4), almost all of the burrowing owls included in the

Army's retrospective analysis were in uncontaminated areas. 
The

Army's analysis, therefore, gives no information on whether

burrowing owls are prevented from occupying more contaminated

areas, whether those that attempt to do so are impaired, and

whether the total population is reduced because of these local

effects. In addition, EPA's review of the paper entitled

"Movements, Activity Patterns, and Habitat Use of Burrowing 
Owls

in Saskatchewan", by Haug and Oliphant (J. Wildl. Manage

54(l):27-35) indicates that the appropriate exposure range 
for

burrowing owls has a radius of 600 m (approximately 1968 ft), not

2874 feet. The Army's retrospective analysis is invalid for

these, as well as for other reasons (see Attachment 4).

Relation of this Study to Issues Raised by EPA:

1. Definition of Ecological "Health". This study was not

conducted on a regional scale and provides no information 
on

ecological "health" as defined by the Army.

2. Appropriateness of Offpost Control Areas. There were no

offpost control areas in the burrowing owl study.

3. Spatial Scale and Within-RMA Comparisons. The primary

comparison in this study was between used and unused burrows

within RMA prairie dog towns. Although one nest each year was

located within the "contaminated" area, no measurements 
of

contamination were taken, and no study variables were 
measured at

these nests. Second, nesting birds were compared for various

behavior, productivity, morphology, and food habit 
variables, but

these comparisons were all within RMA, and unrelated 
to

contamination.
4. Relationship of Ecological Characteristics to

Contamination Levels. No information was collected, presented,

or used in the original study regarding soil contamination

levels. The Army's retrospective analysis is invalid for reasons

stated elsewhere (see Attachment 4)

5. Population Characteristics. Repeated searches conducted

throughout the summer suggest that most of the burrowing 
owls on

RMA were identified and included in this study. This 
gives an

accurate representation of population abundance of burrowing 
owl

on the Arsenal.
6. Treatment of Uncertainty. No discussion of uncertainty

was presented either in the study report, or in the Army's

summary of it.
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Bias, power, and relevance:
The Army apparently included this study in the group of

Avian reproductive success studies, which it categorized as low,

medium, and high for the factors bias, power, and relevance,

respectively (Table C.5-2). EPA's categorizations of bias,

power, and relevance are as follows:

Categorization Cornments

Bias LOW The original study has low bias, in that

adequate data were collected to measure

abundance and productivity of burrowing owls

on RMA; within-RMA comparisons can be made

with low potential for bias.

Power HIGH Because most of the population of burrowing

owls at RMA were identified and included in

the study, the power of the study to

accomplish the stated objectives is high.

Relevance LOW Because most or all of the burrowing owl

nests were in areas with low soil

contamination, there is no.a priori

hypothesis that reproduction would have been

impaired. The study would have been more

relevant if owls had been nesting in more

contaminated areas (but in that case the

power to detect effects would have been low).
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Fortuitous observations, incidences of Mortality, and Morbidity

Studies.

Studies conducted by: ESE 1989; USFWS; and others.

Purpose of study: Not stated.

Dates of studies: 1989 to present

Summary of studies:

The present IEA/RC (March, 1994) uses information from the

fortuitous sample collection program in two sections and one

attachment: (1) Section C.5.3.4 (pages C.5-57 and 58) entitled,

uIncidences of Mortality," (2) Section C.5.4.2.3 (pages C.5-63

and 64), entitled "Morbidity," and Attachment C.5-3, entitled

uInformation on Fortuitous Samples Collected by the U.S. 
Fish and

Wildlife Service between 1990 and 1993.11

A discussion of animal mortality is provided in Section C.5.3.4

(pages C.5-57 and 58). A number of historic studies of animal

mortalities are presented, linking animal deaths to contaminants.

The information presented for 1989 and later is primarily 
derived

from periodic reports of necropsy studies of animals found 
dead

or dying on the Arsenal. The data are, at least in part,

summarized in Table C.5-13. This chart contains 24 entries

consisting of 23 moribund or dead animals (18 birds, three

mammals, one fish, and one reptile) and one report of an

interview with the "Building 111/112 Dead Bird Patrol". 
While

not so specified in this section, this listing represents 
a

selected grouping of the dead and dying animals found 
on RMA.

Table C.5-3.1 indicates that samples from an additional 
10

animals have been sent for analysis but no results are 
yet

available. This table also indicates that an additional 285

samples were submitted for analysis "but the data reported 
from

these samples may have been improperly reported and are 
under

investigation.,,

Over the past five years, there have been over 240 recorded

instances of wildlife mortality at RMA, recorded in a document

entitled the Special Purpose Salvage Log (SPSL). This describes

animal mortalities and incidents related to morbidity 
and trauma.

The dead or moribund animals are referred to as "fortuitous

samples."

Review of the fortuitous samples collected on RMA 
between 1989

and 1993 indicates that some 190 birds and 50 mammals 
were found

during this period. Table C.5-3.2 indicates that results are

available for one mammal, a badger collected in 9/92 
and reported

to have dieldrin in concentrations of 13 ppm in liver and 75 ppm

in fat. These results are qualified, and have been submitted 
for

reanalysis (see Table C.5-3.1).

Summary of results:

The Army has summarized the results of the several studies

considered in the Incidences of Mortality section as 
follows

41



(page C.5-58):

Incidents of extensive wildlife mortality have occurred in

the past at RMA. The extent and implications of current

mortality are not well documented and poorly understood, but

it is substantially less than that documented in the 1950s

and 1960s (see Appendix A).

The extensive analytical data reported in the

Biota RI (1989) and the subsequent Biota CMP

(1988-90) shows variable concentrations of

organochlorine pesticides in individuals of all

taxa sampled. Dieldrin levels were as high as the

56 ppm reported in a mourning dove carcass found

on the lawn of Building 111. Thus, potentially

lethal concentrations of organochlorine
pesticides, chiefly dieldrin, occur in the tissues

of some individuals of certain mammal and bird

species (Attachment C.5-2). Dieldrin is the

contaminant most likely to be detected at

injurious levels and occurs in a variety of

trophic levels and species.

EPA's conclusions:

For the 1990-1993 period only one analysis result is reported.

EPA believes that there are no consistent data to support

conclusory statements related to current morbidity or mortality

among RMA animal populations based upon the fortuitous 
sample

collection program.

If mortalities were currently being produced in individuals 
or

resident populations as a result of exposure to organochlorine

compounds, a wide variety of sub-lethal effects would 
also be

expected.

Army's conclusions:

Despite the contaminant levels detected, current

contamination-related mortality is not believed to be

causing deleterious effects on the overall abundance or

richness of wildlife populations at RMA. Wildlife

resources are generally quite abundant at RMA and the

species composition is quite diverse for the Rocky

mountain/plains grassland ecotone of eastern Colorado

(page C.5-58).

Differences between EPA's and Army's conclusions:

The Army's conclusion regarding the "current contamination-

related mortality" has no apparent basis, given that analysis

results are available for only one specimen in the recent 
(1990-

93) period.

Bias, power, and relevance:

The Army has categorized the bias, power, and relevance 
of the

fortuitous observations as medium, N.A., and high, and the
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morbidity studies as medium, low, and medium. EPA's

categorizations of bias, power, and relevance are 
as follows:

Categorization Comments

Fortuitous observations

Bias HIGH The data can neither define nor

measure the problem or question

being addressed.

Power NA The null hypothesis cannot be

addressed by these data.

Relevance LOW As previously noted, the data were

never intended to measure the

effects about which the Army draws

conclusions.

Morbidity studies:

The morbidity studies categorized by the Army under 
this section

(C.5.4.2.3) are a collection of studies previously 
discussed in

detail elsewhere in both the IEA and reviewed 
in this document.

These studies included deer mortality and general 
health, bald

eagles general health and potential exposure, 
great horned owl

individuals exhibiting symptoms of contamination, 
fortuitous

observations and necropsy reports, and vegetation 
presence and

growth.

Categorization Comments

Bias MEDIUM No clear study design or question

addressed. Controls or reference ranges

not defined.

Power LOW In some cases the null hypothesis cannot

be addressed by the information

available, in other cases it cannot be

rejected with reasonable probability.

Relevance LOW The studies used in this section were

not designed to address the question as

posed by the Army. In no case was there

an a priori hypothesis present for the

study in question.
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Songbirds

Study conducted by: Morrison-Knudsen Environmental Services,

Inc, (MKE, 1989a) Pages 1, 25-32, 66-83.

Purvose of Study.

... [t1o (1) document the distribution and relative abundance of

[small birds) across the RMA, (2) evaluate (small bird] use at

RMA in relation to habitat types and contamination sources, and

(3) compare [small bird] use at RMA with selected offsite areas.

(p. 1)

Dates of Study. February-March 1986; May-June 1986.

Summary of Study. Winter surveys were conducted along 26

transects on RMA and along 5 transects at each of two control

sites. Each transect was 500m long. Only two transects were

within core contaminated areas (pp. 26-27).

Breeding birds were counted (spot counts of singing males) in 111

plots on RMA and in 27 plots at each of two control sites. Each

plot was 100 x 100 m (1ha). Plots were positioned at regular

intervals along roads; although not randomized, they covered all

parts of RMA including core contaminated areas. Habitat

variables were measured on each plot. Control sites were mapped

and were assessed through the habitat variables.

Summary of Results. Results were presented in Tables 4-4 (winter

surveys), 4-5 and 4-6 (breeding bird surveys). Only two species

(horned lark and western meadowlark) were widespread in open

country in winter. Frequencies of encounter varied widely among

habitats and among sites. Horned larks were more abundant at one

control site than at RMA and meadowlarks were more abundant at

the other control site than at RMA; no statistical analyses were

presented.

only four breeding species (horned lark, western meadowlark,

grasshopper sparrow, and vesper sparrow) were sufficiently

numerous and widespread for statistical analyses. Because of the

small size of the sample plots, numbers of birds per plot ranged

only from 0 to 3, with means of less than 1 for each species

(Tables 4-5 and 4-6). All four species were significantly more

frequent at the control sites than at RMA, the differences

holding across major habitat divisions. Multivariate analysis of

the habitat variables suggested that much of these differences

was attributable to habitat differences, specifically to greater

structural complexity of the vegetation at the control sites.

Within RMA, comparisons within habitat categories showed no

significant differences between plots located within Section 36

(presumed to be contaminated) and plots far from presumptively

contaminated areas. However, the significance of this finding is

limited: (i) sample sizes were very small (e.g., nine birds of

two species in eight plots in two habitat types in Section 36);

(ii) the comparison was not controlled for the habitat variables

found to be important in the between-site comparisons; (iii) all

plots were beside roads, so the assumption that those in Section
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36 were all contaminated is questionable; (iv) levels of soil
contamination were not measured or referenced.

Descriptive information on the occurrence, diversity, and
distribution of songbirds on RMA was also presented (pp. 82-83).

EPA's Conclusions:

Status: The study provided useful qualitative information on the

occurrence and distribution of songbirds at RMA and extensive

quantitative information on their relative abundance and use of

different habitats.

Health: The study did not provide information on the "health" of

songbirds at RMA at the individual, population, or community

level.

Impairment: The study did not provide information on the

possible impairment of the status or health of songbirds, except

for documenting the presence of a few singing males of two

species beside roads within the core contaminated areas.

Army's Conclusions:

"The lower abundance and density of songbirds at RMA relative to

control areas have been attributed to differences in habitat"

(MKE 1989a) (p. C.5-50). The Army also cited contaminant levels

in fortuitously collected samples of songbirds (Attachment C.5-2)

and concluded: "there is evidence that individual songbirds are

being adversely affected by contaminants at RMA" (p. C.5-51).

Differences between EPA's and Army's Conclusions: Although there

is no major difference between the conclusions of EPA and Army

about songbirds, the Army's conclusion did not address the

within-RMA comparisons that were discussed in the text. The Army

quoted without qualification MKE's (1989a) conclusion that "no

within-site variation was attributable to trends in

contamination" (p. C.5-50).

Relation of this Study to Issues Raised by EPA:

1. Definition of Ecological "Health". This study was not

conducted on a regional scale and does not provide

information on ecological "health" as defined by the

Army.

2. Appropriateness of Off-Post Control Areas. Off-post

control areas were used in this study and (in contrast

to other studies cited in this report) were thoroughly

characterized for habitat variables. The results of

this characterization showed major differences in

habitat characteristics between the control areas and

RMA. Although in this case the multivariate analysis

permitted control for these differences, this result

illustrates the importance of proper selection and

characterization of control areas.

3. Spatial Scale and Within-RMA Comparisons. Although the
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conclusions of this study were based on statistical
comparisons among zones within RMA, the sample plots
were all located beside roads and the assumption that

they were representative of contamination zones is

questionable.

4. Relationship of Ecological Characteristics to
Contamination Levels. No information was collected,
presented, or used on contamination levels. The

inference that comparison among plots within zones was

equivalent to comparison among levels of contamination

was unsupported and is questionable in view of the non-

random location of the plots.

5. Population characteristics. No information was
collected on population characteristics. The spot

counts of singing males are crude indices of relative

abundance, but the numbers of birds counted per plot

were very small and evidence that the birds were
breeding successfully was not presented.

6. Treatment of uncertainty. No discussion of uncertainty
was presented either in the study report or in the

Army's summary of it.

Bias, -power, and relevance: The Army categorized the information

on songbirds as "Medium" for each of the factors bias, power, and

relevance (Table C.5-2). EPA's categorizations of bias, power,
and relevance are as follows:

Categorization Comments

Bias HIGH Although the breeding bird study
measured and controlled for
differences in habitat variables,
the location of plots beside roads
meant that the plots were not
representative of the zones they
were used to characterize. The
winter surveys were not controlled
for the differences between sites
that were measured in the summer
survey.

Power LOW Winter survey had very small
numbers of transects within habitat
types and large variance counts.
Breeding-bird survey had very small
plots (mean count less than 1 bird
per species per plot).

Relevance MEDIUM Within-RMA comparisons could
provide data relevant to an a
jariori hypothesis of population
effects of contaminants if original
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data could be found and compared
with matched data on soil
contamination for the same
locations.
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small mammals

Study conducted by: Morrison-Knudsen Environmental Services,
Inc. (MKE, 1989a) Pages 1, 21-24, 58-62.

Pu=ose of Study.

.... [t]o (1) document the distribution and relative abundance of
(small mammals] across the RMA, (2) evaluate [small mammal) use
at RMA in relation to habitat types and contamination sources,
and (3) compare [small mammal] use at RMA with selected offsite
areas. (p. 1)

Dates of Study. November 1986 and June 1987 (p. 21).

Summary of Study. Mice, voles and shrews were surveyed by live-
trapping. Sixteen locations on RMA were sampled in 1986 and 11
in 1987. Most of the locations were in peripheral areas of RMA
with about six locations (1, 2, 13, 21, 22, 27) near to
contaminated areas (p. 22). However, information was neither
collected nor referenced on contamination and the precise
locations of study-areas were not reported. Each location was an

area 50m x 300m, positioned well within a distinct habitat type.

Eight habitat types were sampled in 1986 and ten in 1987 (only
one in both years). Numbers of trap-nights per habitat type
ranged from 75 to 720.

"Emphasis was placed on documenting species occurrence and
comparing use among different habitat types." "Random,
statistically independent samples were not necessary because the

objective was species identification, not a quantitative
comparison." (pp. 21-24)

Three control sites were located at Buckley Air National Guard

Base in November 1986 only. The sites were not described except

to "habitat type." Trapping effort was 180 trap-nights at each

site.

Summary of Results. Results for RMA were presented in Tables 4-2

and 4-3 (pp. 59-60), results for Buckley were given in summary
form in the text. Seven species of small mammals were trapped;

trapping frequencies varied by species and habitat from zero to

31.9 animals per 100 trap-nights. "Statistical tests of

differences in abundance among locations were not practicable
because of the low capture frequencies" (P. 58). Pooling all

species and comparing mean capture frequencies (animals/100 trap-

nights) indicated that mean abundances were higher at Buckley

than RMA in native grasslands (9.4 vs 1.2) and crested wheatgrass

(5.6 vs. 2.8), but higher at RMA in cheatgrass (8.6 vs 3.3).

"These differences were apparently related to differences in

habitat, rather than to contamination -per se, because the highest

abundances at RMA were in weedy areas near the disposal basins

and manufacturing areas" (p. 58). The basis for t,-ie last

statement is not given in the report, since data are averaged by

habitat. The Tables give individual data for only five

locations; one of these was not mapped, three were peripheral;

only one (no. 27) was near a disposal basin, and none was near a
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manufacturing site. No basis was given for the suggestion that

habitats differed between Buckley and RMA.

EPA's Conclusions:

Status. The study provided useful qualitative information on the

species of small mammals at RMA and semi-quantitative information

on their relative abundance and use of different habitats.

Health. The study did not provide information on the "health" of

small mammals at RMA at the individual, population, or community

level.

Impairment. The study did not provide useful information on the

possible impairment of the status or health of small mammals.

Army's Conclusions:

"The highest mean abundances of small mammals at RMA were in

areas of weedy forbs/grasses north or east of Basin F (MKE,

1989a); evaluation of trends between small mammal abundance and

ESC values showed no indication that small mammal abundance is

deleteriously affected by aldrin/dieldrin contamination" )p. C.5-

28).

Differences Between EPA's and Army's Conclusions: The first part

of the Army's conslusory sentence is correct but irrelevant,

since there is no specific information on contamination or

exposure in the areas referenced. The second part of the

conclusion is unjustified for reasons stated in EPA's comments

on Retrospective Linking, Attachment 4.

Relation of this Study to Issues Raised by EPA:

1. Definition of Ecological "Health". This study was not

conducted on a regional scale and provides no

information on ecological "health" as defined by the

Army.

2. Appropriateness of Off-Post Control Areas. Off-post

control areas were used for only three of the 18

habitat types and for only one of the two years

(seasons) of the study. Off-post control areas were

not described in any way except by statement of habitat

type. The study report invoked assumed differences in

habitat between the on-post study-areas and the off-

post control areas as an explanation for the

differences found. Hence, the control areas, as

described, were not suitable for rigorous comparisons.

3. Spatial Scale and Within-RMA Comparisons. Although the

conclusions of this study were purportedly based on

comparisons among locations within RMA, the comparisons

were informal at best and underlying data were no',-

presented.

4. Relationship of Ecological Characteristics to

Contamination Levels. No information was collected,
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presented, or used on contamination levels at the
locations where marnmals were trapped. The Army's
retrospective attempt to relate abundances to ESC
values is invalid for reasons stated elsewhere in these

comments (see Attachment 4).

5. Population characteristics. No information was

collected on population characteristics. Data on

trapping frequencies were used to make inferences about

"abundances", although the objective of the study was

not to make quantitative comparisons and the data are

unsuitable for this purpose.

6. Treatment of uncertainty. No discussion of uncertainty
was presented either in the study report or in the
Army's summary of it.

Bias, power, and relevance

The Army categorized bias, power, and relevance for this study

as medium, medium, and medium, respectively (Table C.5-2). EPA's

categorizations of bias, power, and relevance are as follows:

Categorization Comments

Bias HIGH Study design not intended for
quantitative comparisons; control
areas not described and stated to
differ in habitat; within-RMA
comparisons not matched for species
or habitat

Power LOW Study design not intended for
quantitative comparisons;
statistical tests not practicable

Relevance MEDIUM Within-RMA comparisons might have
provided some data relevant to an a
priori hypothesis of population
effects of contaminants if co-
located data on soil contamination
had been collected.
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Bald Eagle

The bald eagle differs from other species considered in this

report in two important respects. First, it is a winter visitor

to RMA, and individual birds range over wide areas. Hence, the

composition of the "population" at RMA changes from year to year

and even from day to day. In consequence, much of the

information on bald eagles at RMA is in the nature of descriptive

surveys rather than systematic or controlled studies of sample

areas or representative individuals. Second, the bald eagle is

an endangered species, so that assessments of risk and potential

impairment need to be made on an individual as well as a

population basis.

The information available on bald eagles at RMA includes a series

of detailed surveys of the ecology and behavior of the wintering

birds, and a number of measurements of contaminant concentrations

in birds trapped at RMA. Studies through 1990 were described in

two major study reports (ESE 1988b, USFWS Final Report on Bald

Eagle Study, December 1992, not cited in the IEA/RC); continued

studies in 1991 and 1992 were reported in annual reports of

the U.S. Fish and Wildlife Service (USFWS 1992a, 1993a). The

Army also made conclusory statements about potential exposure to

eagles at RMA, but did not cite most of the information on

contaminant concentrations in prey, in other raptors that feed on

the same prey, and in a bald eagle that was found dead at RMA.

This section of EPA's review, therefore, briefly reviews the

available information without following the sequence of topics

and studies cited by the Army.

NUMBERS, FEEDING HABITS, AND BEHAVIOR

Detailed information on numbers, feeding habits, and behavior of

bald eagles at RMA is presented in the four reports cited above

(ESE 1988b, USFWS Final Report 1992a, 1993a). Bald eagles occur

at RMA from late October to March, with peak numbers in late

December or January. Peak one-night counts at the roost

increased steadily to 38 in 1990-91, but declined to 30 in 1991

to 1992. The proportion of subadult birds declined from 78% in

1986-1987 to between 50% and 60% in recent years. Individual

birds studies by telemetry regularly moved on and off the site.

The primary food items on RMA are prairie dogs (70-80% by

frequency) and rabbits (15-25% by frequency). Eagles commonly

obtain prey by stealing from other raptors, especially

ferruginous hawks.

CONDITION AND TISSUE LEVELS OF CONTAMINANTS

The Army stated: "The majority of bald eagles captured at RMA

have been within normal ranges for size, weight, and condition

for their age and the time of year when they were captured

(personal communication from M. Lockhart to Michael Macrander of

Shell, 1993)." The information on which this statement is based,

including reference ranges, apparently is not available for

review.

51



Between 1987 and 1990, blood was taken from 90 bald eagles

captured at RMA and was analyzed for organochlorine contaminants

and certain metals. Dieldrin was found above detection limits in

20 samples (22%), ranging up to 70 ppb. DDE was found above

detection limits in 34 samples (38%), ranging up to 280 ppb.

PCBs were found above detection limits in 9 samples (10%),

ranging up to 710 ppb. Mercury, lead, selenium, and arsenic were

also found in many blood samples (USFWS 1992b, 1993a). The Army,

citing USFWS (1992b), stated that none of the detected

concentrations exceeds the lower limits of concern (p. C.5-39).

The basis for this statement is unclear. Additionally, most of

the birds were trapped relatively early in the winter seasons,

before they would have had time to accumulate organochlorine

contaminants in their tissues to steady state levels that would

reflect their average exposure at RMA.

Fat samples were taken by biopsy from 11 eagles trapped in the

winters of 1991-92 and 1991-92 and were analyzed for

organochlorine contaminants. All the samples contained a variety

of organochlorine compounds; for example, dieldrin ranged from

0.13 to 1.6 ppm, DDE from 0.58 to 20 ppm, and PCBs from 1.2 to 28

ppm; the highest concentrations of these and other analytes were

found in the same individual. Endrin was detected in one sample

at 0.18 ppm. The Army, again citing USFWS (1992b), stated that

none of the detected concentrations exceeds the lower limits of

concern (p. C.5-39). The basis for this statement is unclear,

however: assuming that fat would comprise 20% of the total body

mass, the individual with the highest concentration would have

had a whole-body concentrations of DDE higher than the MATC, and

a whole-body concentration of dieldrin approaching the MATC.

One eagle found dead on RMA and analyzed for COCs contained 0.276

ppm dieldrin and 1.70 ppm DDE in its muscle tissue, with

corresponding concentrations in liver (0.11 ppm dieldrin, 0.40

ppm DDE) and brain (0.11 ppm dieldrin, 0.40 ppm DDE) (Attachment

C.5-2, Tables 5.1-4 and 5.1-7). Based on the expected

partitioning of these chemicals between muscle, liver, and whole

body, this eagle may well have exceeded the MATCs for both

dieldrin and DDE.

CONTAMINANT CONCENTRATIONS IN PREY AND IN OTHER RAPTORS

Attachment C.5.2 to Appendix C.5 of the IEA/RC lists high

concentrations of dieldrin in many samples of prairie dogs and

cottontails from several Sections of RMA (not limited to Section

36). Page C.5-46 and Attachment C.5.2 list high concentrations

of dieldrin in several birds of prey, including lethal

concentrations in the brains of single great horned owls, red-

tailed hawks, and ferruginous hawks. Attachment C.5.2 (Figures

4-14 to 4-16) shows numerous sightings of raptors, including red-

tailed hawks, rough-legged hawks, ferruginous hawks, and bald

eagles, around and even within the more contaminated areas of

RMA. Based on the known diets of bald eagles at RMA and their

habit of stealing food from ferruginous hawks and other raptors,

this information indicates that bald eagles at RMA are at risk of

exposure to prey containing high concentrations of dieldrin.

EPA's Conclusions:
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Status: The surveys cited provide good information on the

numbers of bald eagles at RMA since the roost was discovered 
in

1986, and on their roosting behavior, foraging behavior, flight

range, and diets.

Health: The information reviewed does not provide significant

information on the "health" of individual eagles or that of the

"population" of eagles using RMA.

I=airment: The information reviewed does not provide

information on actual impairment of survival, reproduction, or

other functions of eagles at RMA. Based on the contaminant

levels found in eagles, their prey, and other consumers of eagle

prey, bald eagles at RMA are potentially exposed to hazardous

concentrations of contaminants in their prey.

Army's Conclusions:

"The current general health of bald eagles at RMA does not reveal

any adverse effects of RMA contamination, and bald eagles are

unlikely to be significantly exposed to contaminants while

wintering at RMA. These two considerations do not suggest that

eagles are likely to be adversely affected by contamination at

RMA.11 (p. C.5-39).

Differences between EPA's and Army's Conclusions: EPA considers

the Army's conclusions to be unwarranted.

1. There is no information on the "general health" of bald

eagles at RMA. The Army cited a personal communication

that the --majority" of bald eagles captured at RMA have

been within "normal ranges" for size, weight and

condition for their age and the time of year when they

were captured. However, size, weight, and condition

convey little useful information about potential toxic

effects of RMA contaminants because these contaminants

generally do not affect size, weight, or condition,

except in the terminal phase of lethal poisoning by

dieldrin and endrin.

2. The Army's claim that bald eagles are "unlikely to be

significantly ... exposed to contaminants while

wintering at RMA" is inconsistent with the information

cited above on the concentrations of dieldrin in their

prey, the sightings of bald eagles and other raptors in

contaminated areas, and the deaths of other raptors

(including a ferruginous hawk) with lethal

concentrations of dieldrin in their tissues.

3. The Army's conclusions do not reflect consideration of

the data on concentrations of organochlorines in the

fat of eagles captured at RMA, and in the tissues of

the eagle found dead at RMA.

4. "Likelihood" of exposure and blood chemistry data from

captured birds, even if correctly cited and

interpreted, would provide information only about

potential adverse effects of contamination. It is
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inappropriate to argue from this information that
adverse effects are not revealed.

Relation of Bald Eagle Studies to Issues Raised by EPA: In its
conments dated September 20, 1993, EPA presented eight specific
issues raised by the Army's draft of Appendix C.5. One of these
eight issues was specific to the bald eagle, and is addressed in
detail in this section of the report.

Bias, power, and relevance: The Army categorized the information
on abundance of bald eagles as "medium" on each of the factors,
bias, power, and relevance. The Army categorized the information
from "Morbidity Studies" (sic) of bald eagles as Medium, Low, and
Medium, respectively, on these factors (Table C.5-2). EPA
considers it difficult to categorize these surveys according to
"bias" and "power", because they were generally in the nature of
descriptive surveys rather than systematic studies testing
specific hypotheses about status, health, or impairment. EPA
would rank most of the information as of "High" relevance --
including the information on numbers, trends, behavior, foraging
habits, diet, contaminant levels in prey, and contaminant levels
in other raptors that feed on the same prey. However, the
information on contaminants in blood and fat of captured eagles
is of "low" relevance, because most of the eagles were captured
early in the season and reference ranges are not available. The

information on size, weight, and condition of captured eagles
would be of "Low" relevance to assess contaminant effects,
because the RMA contaminants generally do not affect size,
weight, or condition except in the terminal phase of poisoning by

dieldrin and endrin.
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Table C.3-1 EPA's Characterization of Bias, Power, and
Relevance Ratings of RMA Studies Selected to
Evaluate Ecological Endpoints Relevant to Risk
Characterization

Bias' Power' Relevance'
Study

Aquatic snail population density and biomass High LOW Low

Grasshopper abundance High Medium Medium

Earthworm population density High Low Low

AChE inhibition in mammals and birds High Low Low

Eggshell thinning High Low to Med Low-
Prairie dog population density
and age ratios

1. distribution/abundance/ High Medium High
habitat use

Il. contamination assessment High Low High

III. distribution/abundance/use High Low High

Avian reproductive success

American kestrel
(RMA-offpost comparison) High Medium High
(Within RMA Comparison) High Low High

Burrowing owl Low High Low

Fortuitous observations and incidences of mortality High NA Low

Other abundance studies

songbird distribution/ High Low Medium
abundance/use

Small mammal distribution/ High Low Medium
abundanceluse

Morbidity studies Medium Low Low

Bald Eagle

ecology/behavior NA NA High

contamination NA NA Low

size, weight, condition NA I NA Low

Bias is the magnitude and direction of the tendency to measure something other than what was intended.
Criteria for evaluation are:
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1. Study design fully documented and sufficient such that samples or observations are representative of

intended object of study; and

2a. Control areas fully described and characterized, and matched to study areas in terms of all factors

likely to affect the characteristic being measured except levels of exposure; 2r (in case comparisons are

made among samples with different levels of contamination)

2b. Samples matched in terms of all factors likely to affect the characteristic being measured except

levels of exposure; levels of exposure measured in comparable ways among samples.

High: One or other of the criteria are not met (e.g., samples not representative, control areas not

described or characterized, areas not appropriately matched, or samples no appropriately

matched).

Medium: One or other of the criteria not fully met (e.g., control areas inadequately characterized, or

areas or samples incompletely matched).

Low: All of the criteria are met.

2 Power is the probability of rejecting the null hypothesis when in fact it is false and the alternative hypothesis is

correct. Criteria for evaluating power are:

1. Close correspondence between the quantities that are measured and the biological characteristics that

are under investigation; and

2. ability of the study design to capture the major sources of variance in the quantities that are

measured; and

3. (statistical power) ability of the study design to dew an ecologically meaningful difference in the

biological characteristics that are measured if such a difference in fact exists and is related to levels of

contamination.

High: All of the criteria are met.

Medium: Uncertainty about one or more of the above criteria.

Low: One or more of the above three criteria are not met.

3 Relevance is pertinence to the matter at hand. Criteria for evaluating relevance are:

1. The study involves a measurement endpoint related to an a priori hypothesis that the endpoint would

be affected by one of the contaminants present at RMA; and

2. the measurement endpoint reflects some aspect of "status" or "health" as outlined above; and

3. the a priori hypothesis is consistent with the predictions of the ecological risk characterization; and

4. the study is carried out on a scale appropriate to this prediction.

High: All of the criteria are met.

Medium: Uncertainty about one or more of the above criteria.

Low: One or more of the above criteria is not met.

In all cases, professional judgement is needed to interpret and apply these criteria, including the words "related",
.consistent", and "appropriate".
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ATTACHMENT 4

Retrospective linking of data on measurement endpoints to soil
concentrations.

In this version of the IEA/RC, the Army has added five sections
in which data on measurement endpoints are linked to estimates of
exposure soil concentrations (ESC). These sections appear on p.
C5-25 (prairie dog), C.5-27 to C5.28 (small mammals), C.5-32 to
C.5-34 (American Kestrel), C.5-40 to C.5-41 (great horned owl)
and C.5-43 (burrowing owl). EPA cannot support the material
presented in these new sections and the conclusions drawn
therein, for the following reasons:

1. In none of the five cases was the analysis of the endpoint
in relation to exposure soil concentration part of the original
study design or even the original study objectives. The analyses
are retrospective attempts to relate the endpoints measured in
the original field studies with values of ESC that were derived
later for different purposes. It is inappropriate to present
these retrospective analyses under the headings "study findings,"
as is done in these new sections. The analyses should be
presented, if at all, under a separate heading making clear the
retrospective nature of the investigations and discussing the
limitation of this approach.

2. None of the original studies included a precise map or other
precise information on the location of study plots. Only in the

case of the American kestrel could the locations of the study
sites (nest boxes) be determined retrospectively with any
precision; however, the text of Appendix C.5 is silent about
methods used to determine nest box location and their precision.
It is unclear that the locations of study plots vaguely described
or vaguely mapped in old reports can be determined
retrospectively with sufficient precision for the purposes for
which they are now used. In the section on prairie dogs (p. C5-

25), for example, one sample site is located as "in the northwest
quarter of the southwest quarter of Section 31" -- i.e.,
somewhere within a square 400 m x 400 m. After pursuing the maps
in this report (MKE 1989a), EPA believes that this is about the
maximum precision that can be achieved.

3. In earlier comments, EPA has objected to the derivation of
ESC and to the use of ESC as a measure of exposure. EPA
reiterates its previous opinion that ESC.is not an acceptable
measure of exposure for any species. In particular, values of

ESC are not correlated with values of TC, the concentrations of

contaminants measured in the tissues of prey species sampled at

RMA. This finding is reinforced by a lack of correlation between
ESC and tissue concentrations in the predatory species for which

data are presented in the current draft of the IEA/RC (Tables
C.5-7 and C.5-11). Accordingly, EPA considers that ESC is not an

acceptable measure of the exposure of the species for which these

retrospective analyses ere conducted. In general, therefore,
analysis of the relationship between measurement endpoints and

ESC is not an acceptable way to investigate potential effects of

contamination.
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4. With one exception (American kestrel), the analyses of the

relationship between measurement endpoints and ESC are informal

and not rigorous.

In addition to these general objections to the retrospective

analyses, EPA has the following comments on specific cases:

Prairie Dogs (D.C5-25). Although not clearly stated, the data

appear to be derived from the study by MKE (1989a). As stated

(p.C5-25), nineteen of the twenty study sites were located in

areas where dieldrin levels were below the "detection limit"

(presumably meaning the CRL). [This reflects and illustrates

EPA's general comments, that most biota studies cited in Appendix

C.5 were focused on areas of low contamination.] The twentieth

site was located "in the northwest quarter of the southwest

quarter of Section 31." In this area of 400 m x 400 m, only five

soil samples were analyzed for aldrin and dieldrin; four of these

samples were BCRL for both analytes, and the combined

concentration was 0.30 ppm in the fifth. It is not clear how the

Army's procedures yielded on ESC value of 1.195 ppm for this

location. This illustrates EPA's contention that ESC is not a

valid measure of exposure. Comparison between the percentage of

juvenile prairie dogs and ESC values is meaningless and no

conclusions about effects of contamination can be drawn.

Small mammals (pp. C.5-27 to C.5-28). The data are derived from

the study by MKE (1989a). The "analysis" presented on p. C.5-27

is informal and makes no attempt to analyze data on individual

species or to control for habitat differences. As stated on p.

C.5-27, most of the ESC values were driven by BCRL replacement

values [another illustration of EPA's general comment that most

biota studies cited in Appendix C.5 were focused on areas of low

contamination]. The analysis ignores key qualifying statements

in the original report by MKE: "Random, statistically independent

samples were not necessary because the objective was species

identification, not a quantitative comparison" (p. 24).

"Statistical tests of differences in abundance among locations

were not practicable because of the low capture frequencies" (p.

58). In light of these comments, the Army's retrospective

analysis of these data is unjustified.

American kestrel (pp. C.5-32 to C.5-34). The data set for the

retrospective comparison is presented in Table C.5-7. Both the

data set and the methods of analysis present many problems:

(i) The Army pooled both RMA and offpost data. As pointed

out in EPA's conments, offpost ("control") locations in this

study were not identified or described, but in the 1982 study

(DeWeese et al. no date) the "control" sites differed

considerably in habitat, both among themselves and from the RMA

study sites.

(ii) No soil concentrations or ESC values were available for

the offpost sites. The dieldrin concentrations in eggs and

juveniles at the offpost sites were all below or close to the

CRLs, as were the DDE values in 6/9 nests.

(iii) For DDE, 3/5 egg coricentrations and 5/10 of the
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juvenile tissue concentrations were BCRLs; none of the 
positive

values approached the concentrations at which adverse 
effects of

DDE have been reported in wild or captive birds.

(iv) The ESC values for dieldrin at the onpost sites all

fell within a narrow range (0.018 to 0.14 ppm) and apparently

were driven largely by BCRL replacements. The ESC values for DDE

all fell within a narrow range (0.006 to 0.043 ppm) and

apparently were determined entirely by BCRL replacements. [This

reflects and illustrates EPA's general cornments, that most biota

studies cited in Appendix C.5 were focused on areas of low

contamination.)

M Within the small onpost sarnples, there was no

correlation between ESC and either the egg or juvenile tissue

concentrations, for either dieldrin or DDE. This further

demonstrates the invalidity of using ESC as a measure of

exposure.

(vi) The Army pooled 1988 and 1990 data, without testing for

inhomogeneity or independence. In fact, 3/10 on-post nests and

4/8 off-post nests were studied in both years. In one of the on-

post nests and two of the off-post nests, there were major

divergences in the success variables between years. Egg

concentrations were measured only in 1988, whereas concentrations

in juveniles were measured in both years. For unexplained

reasons, concentrations in juveniles were 1-2 orders of magnitude

lower in 1990 than in 1988, including data from one nest 
box from

which juveniles were sampled in both years.

(vii) The Army did not consider occupation of nest boxes 
as

a dependent variable, despite the fact that DeWeese et al. 
(no

date) reported that occupation was significantly related 
to

distance from the core contaminated area, and despite the 
fact

that lethal poisoning is a documented effect of dieldrin 
in

American kestrels.

For these reasons, the data set is unsuitable for

statistical analysis. The concentrations of dieldrin and DDE in

all soil samples and in most tissue samples were so low that 
no

measurable effects would have been predicted (a consequence of

experimental design), so that no analysis could be justified. In

consequence, the analysis performed by the Army is inappropriate.

Great horned owl (pp. C.5-40 to C.5-41). The data are presented

in Tald-e C.5-8. This table pools data from three successive

years, although it is likely that some of the same birds 
or pairs

were included in different years. Only data on ESC were

available. From the "sample size,, of 29 nests, ESC values were

below 0.16 ppm in 27 locations; presumably these values 
were

driven largely or entirely by BCRL replacements. [This

illustrates EPA's general conment that most biota studies 
cited

in Appendix C.5 were focused on areas of low contamination.] 
The

informal "analysis" of the data that is presented is not

appropriate.

Burrowing owl (T). C.5-43). No consensus value is available for

the home range of this species- EPA cannot support the home
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range radius of 2,874 feet (home range area of 300 ha) used by

the Army in calculating ESC values for this species. In spite of

this inflated value used for home range radius, 92% of the nests

were at locations where the computed values of ESC were less than

0.125 ppm; presumably, these values were driven largely or

entirely by BCRL values. [This illustrates EPA's general

comment, that most biota studies cited in Appendix C.5 were

focused on areas of low contamination.] Table C.5-11 shows that

at 4 of the 8 locations where ESC exceeded 1.0 ppm, the

concentrations of aldrin/dieldrin in juvenile burrowing owls were

low (below the MATC for great horned owl); at the only location

where the concentrations of aldrin/dieldrin in a juvenile

burrowing owl was above the MATC for great horned owl, the value

of ESC was very low. In view of these facts, analysis of

breeding success in relation to ESC would yield meaningless

results; the informal "analysis" of the data that is presented is

not appropriate.

Based on the foregoing facts, EPA concludes that the

retrospective analyses presented in this version of the IEA/RC

are unjustified. EPA requests that all these analyses be deleted

and replaced by a clear statement that available data are

insufficient to analyze the ecological data on any species in

relation to contamination levels.
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ATTACHMENT C.5-5

U.S. FISH AND WILDLIFE SERVICE'S POSITION
ON HEALTH AND DIVERSITY



As directed by the RMA Council the U.S. Fish and Wildlife Service (Service) is providing this

response to the "Ecological Status and Health" Appendix (Appendix C.5) of the Integrated

Endangerment Assessment/Risk Characterization for the Rocky Mountain Arsenal On-Post

Operable Unit. The Service has been involved with both the implementation of several of the

studies cited in the Appendix and the development of the Appendix itself. Results of the studies

conducted or sponsored by the Service may be found in our Annual Progress Reports to the

Army (1989-1993) and in various Master's Theses available at the Rocky Mountain Arsenal

Technical Information Center. The Service has previously commented (February 2, 1994) that

the findings of the Appendix accurately reflect the body of knowledge developed at the Arsenal

and are scientifically defensible. Nevertheless, critiques of this Appendix have attempted to

discredit the findings of these studies through misinterpretation of the biological design of the

studies and the meaning of the results. These critiques use three basic arguments to misrepresent

the facts:

1) The studies were not designed to address the potential effects of contaminants to

individuals, populations, or communities of biota at the Arsenal.

2) The studies were not designed to measure biological endpoints relative to

contaminant exposures at the Arsenal.

3) The studies were not designed as a part of the Ecological Risk Assessment for the

Arsenal.

First, the argument that the studies did not address potential effects of contaminants to various

levels of biological organization is not true. The referenced studies were designed to address the

known effects to wildlife caused by Arsenal contaminants. These effects include changes in

abundance, reproductive success, survivability, morbidity, species richness, age and sex ratios,

and other biological endpoints appropriate for evaluating the actual, not theoretical, effects of

Arsenal contaminants on Arsenal biota. The Service has documented over 225 birds species, 34

mammal species, 19 reptile and amphibian species and 14 fish species using the Arsenal during

at least part of the year. From all of these studies of biota at the Arsenal, the Service has not

been able to identify a single population of animals that is declining in number, which would be

the ultimate indication of adverse effects caused by Arsenal contaminants. In fact, all animal

populations at the Arsenal that have been evaluated are either self-sustaining, at a minimum, or

growing rapidly. The Service has demonstrated that raptors, prairie dogs, and deer at the site

reproduce at or above values cited in the literature. The Service has documented longevity in

deer, coyotes, prairie dogs, burrowing owls, eagles, red-tailed and Swainson's hawks. The

Service agrees and points out that an occasional individual animal may succumb from exposure

to contaminants in the "core area" of the Arsenal, but this minor level of mortality has not had

an effect on overall wildlife populations across the area. The answer to this problem is not

continued study or manipulation of existing data, but to clean up the obvious areas of

contamination and start alleviating the problem.
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Second the argument that the studies did not compare results between areas of high

contamination and low contamination would suggest that contaminant concentration and

distribution is so heterogeneous that none of the populations studied (including those studied in

the core area) can be assumed to be exposed to chemical stressors. This argument ignores a large

and detailed data base developed specifically to characterize contaminant distribution across the

Arsenal. This argument also ignores three simple biological facts:

A) all animals do not exist everywhere in the environment for the simple reason that

appropriate habitats may not be available in all areas so this comparison cannot

always be made and must be interpreted carefully,

B) the Service specifically manages some species (i.e. prairie dogs) out of some areas

(i.e. Basin A) for very obvious reasons, again this comparison cannot be made for

some species in some areas, and

Q most animals range over areas greater than the distribution of contaminants at the

Arsenal making the comparison difficult to interpret.

Again, the Service is evaluating the effects of contaminants at the end result, effects to

populations. The Service has not identified a population that is in decline at the Arsenal.

Third the argument that the studies were not designed as a part of an Ecological Risk Assessment

assumes that Ecological Risk Assessment methodologies are the only appropriate way to evaluate

wildlife at Superfund sites, is incorrect. The referenced studies were designed, implemented,

evaluated and reported by professional, on-site fishery and wildlife biologists using standard,

up-to-date techniques to establish the status and monitor trends in fish and wildlife populations

no matter where they exist. Ecological Risk Assessment methodologies are undergoing intense

scrutiny in the scientific community to determine if they are capable of producing the desired

results or not.

Finally, it has been concluded that, since the referenced studies supposedly did not measure up

to the intense "re-interpretation" leveled on them by the Risk Assessment process, that they are

of little or no value to the Risk Assessment and should not be used in concert with the

predictions of the Risk Assessment. The Service believes that the quantitative risk assessment

is highly theoretical, uses unrealistic biological assumptions as a substitute for a lack of

knowledge, and is unproven in its ability to predict biota tissue concentrations or risk to wildlife

from contaminants. The Service and Appendix C.5 has approached the topic of evaluating

wildlife health from a simple biological tenant; if you want to know what is happening with

wildlife, instead of asking a statistician or computer to predict a result, evaluate wildlife at the

population, community or ecosystem level. If an adverse effect cannot be identified at these

levels of organization, any significant adverse effect does not likely exist.
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ATTACHMENT C.5-6

ARMY COMMENT ON EPA'S ECOLOGICAL
STATUS AND HEALTH POSITION



ARMY COMMENT
ON

EPA's ECOLOGICAL STATUS AND HEALTH POSITION
Included in the EEA/RC

The preceeding pages of EPA position on Ecological Status and Health at

RMA do not represent the scientific judgement of the other three

signatories to the Federal Facilities Agreement, which is presented in

Appendix C.5 of this document. EPA Region VHI's position is included

in resolution of EPA Region VIII's dispute of the presence and content of

Appendix C.5. The Army strongly disagrees with the opinions presented

in EPA Region VIII's position because they:

0 are inconsistent with EPA's own national guidance,

0 are inconsistent with the opinion of an expert panel

convened by EPA in a Risk Assessment Forum, which
considered data from RMA and other sites,

0 contradict EPA Region VIII's own previous statement
regarding biota at RMA,

0 criticize the appendix but do not provide alternative

interpretations or evidence,

0 ignore and then dispute the considerable text changes that
have been made in good faith response to EPA Region
VIII's prior comments.

0 minimize the importance and relevance that 9 years of

substantial biological information on the potential effects of

contamination at RMA provide,

0 present misstatements, distortions, and quotes out of context

from Appendix C.5,

fail to consider professional opinions and conclusions of
numerous field biologists who have spent considerable time
studying RMA biota. and
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do not appear to focus on environmental protection of RMA

biota.

EPA Region VIII's position document ignores current and past EPA

national guidance on what types of data should be collected and how

results should be evaluated in an assessment of the effects of site

contamination on biota. Note the following EPA guidance statements:

"Risk characterization uses the results of the exposure and

ecological effects analyses to evaluate the likelihood of adverse

ecological effects associated with exposure to a (chemical)

stressor." (EPA 1992).

"It is important to recognize that environmental evaluations are not

research projects: they are not intended to provide absolute proof

of damage..." (EPA 1989).

"The purpose of this document is to provide a scientific framework
for designing studies, at the appropriate level of effort, that will

evaluate pertinent ecological aspects of a site for the Remedial and

Removal processes." (EPA 1989).

"Ecological assessment seeks to determine the nature, magnitude,

and transience or permanence of observed or expected effects."

(EPA 1989).

"Observational field studies provide environmental realism that

laboratory studies lack." (EPA 1992).

EPA guidance, therefore, encourages the use of field studies for the

characterization of risk and ecological effects analysis. The studies

presented in the Ecological Status and Health section of the IEA/RC do

this with the appropriate qualifying statements. EPA Region VIII

repeatedly ignores this guidance in their position statement.

Similarly, the standard espoused by EPA Region VIII requires that

absolute proof of the lack of damage be provided before such evidence can

be considered relevant. Absolute proof of a negative is unlikely and

continued speculative seeking of effects is neither in the interest of the

public nor of the environment. For example, if there is no indication of

exposure at any American kestrel nest boxes, which vary in their location

relative to areas of contarnination, and there is no evidence of eggshell
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thinning, these two pieces of information are mutually corroborative; the

first doesn't make the second irrelevant. Further, if no population

impairment has been identified, it is not reasonable to require identification

of a cause for population impairment or to determine its implications.

In the February 9, 1994 meeting of the EA Technical Subcommittee, EPA

Region VIII stated that their concern with the Ecological Status and Health

section was that it would counterbalance the exposure modeling portion of

the ecological endangerment assessment, which EPA Region VIII also has

in dispute. Yet the inclusion of information from both exposure modeling

and effects measurements in the characterization of risk is explicitly
recommended in current EPA guidance. Explicit language has been added

in the IEA/RC stating that neither exposure modeling or effects

measurement data is meant to discount the other, but both types of

information are provided for consideration during decisions on remediation
of RMA.

In their review of the ecological risk assessment approach used at RMA,

an expert panel selected by EPA to participate in a Risk Assessment

Forum was favorably impressed with the RMA studies. They stated:

"A diversity of endpoints is used at a number of ecological levels,
including tissue concentrations, biomarkers, and population surveys.

This wide diversity of endpoints provides a holistic examination of

the ecosystem, lending greater confidence in risk estimates." (EPA

1993).

Thus, EPA's own expert panel recognizes the appropriateness and utility

of the RMA studies. EPA Region VIII has pointedly ignored this

statement and continues to attack the RMA studies and their use.

It should also be noted that considerable additional work has been done,

primarily by the U.S. Fish and Wildlife Service, since the studies reviewed

and published by the Risk Assessment Forum.

EPA Region VIII has recently contradicted their own past statement on

ecological considerations at RMA. For example, throughout the Biota RI

process, EPA Region VIII deferred to the U.S. Fish and Wildlife Service

for expertise on ecological effects. The U.S. Fish and Wildlife Service

played an active role in designing and implementing ecological assessment

studies at RMA (e.g., the kestrel studies), selecting and/or approving off-
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post control sites (e.g., waterfowl, upland game birds, and others), and in

analysis of study results. Formal documentation of EPA Region VIII's

deferral is contained in their letter of comment on the Biota RI dated

March 13, 1989 in which EPA Region VHI states:

"As in the past, in regard to matters specific to the RMA biota, we

defer to the concerns of the USFWS."

EPA Region VIEII has provided no justification for its change in position

with respect to the U.S. Fish and Wildlife Service.

The EPA Region VIH position statement criticizes the apMndix but does

not provide alternative evidence or interpretations of data from Biota RI

and U.S. Fish and Wildlife studies they helped to design. For example,
since Appendix C.5 addresses ecological health, it is logical that a

definition be presented in the document. EPA Region VIH disagreed with

the definition presented and accepted the opportunity to provide their own.

They failed to provide a definition and continued to criticize the Army

definition in written comments provided in early February 1994, Further,

EPA Region VIII's written statements totally fail to acknowledge the

verbal discussions and agreements that had been made and not honored.

EPA Region VIH has in the Rast made numerous comments and

suggestions for revisions that have been addressed in Appendix C.5. For

example, at the 24 June 1993 EA Technical Subcommittee meeting, EPA

Region VIII suggested that explicit rankings of bias, power and relevance

be added, that perspective on the scale addressed be provided, that

ecological health be defined early in the appendix, and that conclusory

language be added. Each of these and other requested items was added to

Appendix C.5. The Army has been responsive to comments at every step

along the way, yet met with increasing resistance from EPA Region VIR.

'Substantial information has been collected on biota at RMA since 1985,
vet EPA Region VIII states:

"EPA requests that all these analyses be deleted and replaced by a

clear statement that available data are insufficient to analyze the

ecological data on any species in relation to contamination levels."

Many of the studies do interpret effects in relation to contamination levels.
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EPA Region VIII acknowledges this earlier in their position document
(e.g., grasshoppers, earthworms). Studies presented by the Army in the

IEA/RC are consistent with the "weight of evidence approach"

recommended in EPA guidance, which encourages the use of field studies

for the characterization of risk and ecological effects analysis. Please note

Tables C.5-1 through C.5-4 in Appendix C.5. EPA Region VIII's

insistence on rejecting all studies not performed specifically for the

assessment of contaminant risks is counter to EPA's general position on

data usability and rational scientific approaches to assessing ecological

risk.

Endpoint selection and experimental design are major issues in EPA

Region VIII's attack on the ecological health section of the IEA/RC.

However, U.S. Fish and Wildlife Service and Colorado Division of

Wildlife personnel were closely involved in control site selection and study

design, and the appropriate trustee concerns were, therefore, appropriately

addressed.

The EPA Region VH1 position misstates the experimental design and

distorts the interpretation of studies that have been conducted to address

contaminant effects. It sets up new definitions for what is said in

Appendix C.5 and then states that Appendix C.5 doesn't meet the new

definitions. For example, EPA Region VIII established artificial and

unrealistic standards for defining bias, power, and relevance and then

arbitrarily state: "As a result, most of the studies cited actually have high

potential for bias and low power; many also have low relevance as

explained below." Designation of levels of bias, power, and relevance

were made on the basis of guidance from EPA Region VIII and other

involved parties' experts. Differences with specific definitions appear to

be the result of EPA Region VIII's treating these studies as academic
investigations rather than appropriate studies as part of a "weight of

evidence approach suggested by EPA guidance (EPA 1992). Further, EPA

Region VIII continues to use words like conclusively ... yet their guidance

says absolute proof of damage not intended.

EPA Region VIII has established standards of information relevance, data

quality, and burden of proof that are unrealistic (given the intricacies of the

RMA system) and suggest a remediation strategy that is potentially
detrimental to the environment because it would delay cleanup actions and

use conservative standards that would result in physical destruction of

extensive habitats and individuals. By suggesting the need for explicit

studies of dispersal, immigration, emigration, trophic diversity, nutrient
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cycling, primary productivity, and further quantitative evaluation of the
diet in prey consumed by the predator species, EPA Region VIII is

insisting upon an investigative program that is not necessary at a superfund
site. The appropriate question is: "Do the available studies indicate

unacceptable risk?", not "Is this the best and most detailed approach that

could be achieved with unlimited time and money". EPA Region VIII has

declined to include any information regarding how long it might take to

collect the type of data they desire and has ignored the fact that the studies

were designed well and with their participation.

EPA Region VI111's position fails to consider professional opinions and

conclusions of numerous field biologists who have spent considerable time

studying RMA biota. Yet EPA Region VIIII has chosen to reject the

investigative findings and professional judgement of dozens of biologists

who have spent extensive time assessing the health and diversity of the

biota at RMA. Fish and Wildlife personnel alone have collectively spent

more than 85 biologist staff years studying biota on RMA. Appendix C.5,
as presented, has been developed as a joint effort of all of the parties that

have contributed to these investigations. As such, the appendix represents

a consensus opinion of these parties. EPA Region VIII, on the other hand,

has no record of field participation in the RMA studies. For example, the

degree of EPA Region VIII's focus on human rather than ecological

perspectives was evidenced by their misunderstanding of the way in which

the term "population" was being used in Appendix C.5.

EPA Reizion VIII's position does not appear to focus on protection of

RMA biota. All EPA Region VIII actions should be directed toward the

remediation of RMA in a manner that is timely, cost effective, and

protective of RMA biota. By arbitrarily rejecting the evidence represented
by the current status and health appendix, which is consistent with the

results of the quantitative risk assessment, EPA Region VIII is, in effect,
delaying timely remediation of RMA. This poses a potential risk to the

resources that EPA claims to protect. If indeed population-level effects

exist, they would be expected to be greatest within the area already
delineated for remediation by concurrence of all parties. Likewise, the

rejection of relevant information and insistence upon unwarranted

remediation potentially -would result in the unnecessary destruction of

environmental resources by disturbing areas and species not shown to be

affected. This would also result in significant unwarranted costs to the

responsible parties and, ultimately, the public.
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APPENDIX C.6.1

ARMY/EPA JOINT STATEMENT ON DEFFERENCES BETWEEN THE EPA AND

ARMY APPROACHES



Section C.1.5 describes three approaches for estimating biornagnification factors (BNTs) for

application in risk characterization. The three approaches are referred to as the "Army approach",

the "Shell approach" and the "EPA approach". EPA has provided additional description of

analyses it has performed in developing its BMF approach, and as well other steps it would like

to follow in estimating BMFs by the EPA approach; this is included in the IEA/RC as Appendix

C.6.2. Differences among the analytical methods used in the Army, EPA, and Shell approaches

are described and discussed in Sections C.1.5 and E.12. This section further describes and

discusses the differences between the Army and EPA approaches. This section has been prepared

jointly by the Army and EPA and represents a consensus between the two parties on the

differences between the two approaches.

1. EPA has prepared an Appendix to the IEA/RC that documents several steps that it would like

to follow in estimating BMFs from existing data. These additional steps are collectively referred

to as the "full EPA approach." They go beyond the "EPA approach" as implemented in the

IEA/RC, although the "EPA approach" was the approach selected by EPA for use under the

constraints imposed in the IEA/RC: specifically, the decision to use estimated ESC, as defined

in Section C.1.4.1 of the IEA/RC, with which EPA disagrees.

2. Both the Army and EPA would implement BUF estimation differently if more or different

data were available.

3. The Army believes that existing data are sufficient to meet the objectives of the IEA/RC; EPA

believes that new data should be collected.

4. The Army and EPA agree that the cost of acquiring new data should be balanced against the

expected value of those data in improving risk estimates, and against the time that would elapse

before improved risk estimates would be developed and risk management actions taken.

5. EPA defines BNIF as "the multiplicative factor by which the concentration of a contaminant

in the tissues of an organism (TC) exceeds the average concentration (SC) of the contaminant
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in the soil to which the organism is exposed (directly or indirectly)."

The Army defines BMF as "an empirical coefficient, calculated by the Army, EPA, or Shell

approach, to be used in the model:

Tcpmd= BMF*ESC,

where:

TCP,e,d is the predicted population mean tissue concentration at a specific RMA

location;

ESC (specifically defined in Appendix C.1.4.1 of the IEA/RQ is the estimated

exposure area soil concentration for the location where the population mean tissue

concentration is being predicted; and

BMF is an empirical coefficient."

6. EPA and the Army agree that the available data are inadequate as the basis for estimation of

BMF, as defined by EPA. EPA and the Army disagree about the adequacy of the data for

estimating BMF, as defined by the Army. EPA believes that the limitations of the data for

estimating BMF as a biological parameter (as defined by EPA) apply equally to estimating BMT

as an empirical modeling coefficient (as defined by the Army). The Army believes that

limitations of the data for estimating BMF as a biological parameter are largely inapplicable for

estimating BMF as an empirical modeling coefficient.

7. Because EPA regards the empirical values of BMF.b. as estimates of biological parameters

(concentration ratios in actual organisms), EPA is concerned with obtaining the best possible

estimates of the biological parameter consistent with the available data. The Army regards BMT

as an empirical coefficient for predicting the population mean tissue concentration from ESC.

Therefore, the Army is concerned with obtaining the BMT that, when multiplied by ESCs from

across RMA, gives the best possible predictions of the population mean tissue concentrations.
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8. The Army and EPA differ in their opinions about the importance of errors in interpolating

and averaging the soil contaminant data to obtain estimates of exposure soil concentration. EPA

believes that using a different method of interpolating and averaging the IEA/RC soil contaminant

data, including taking account of spatial autocorrelation, could significantly reduce systematic

error in exposure soil concentration estimates. The Army does not believe that reducing

interpolation and averaging errors wW significantly improve exposure soil concentration

estimates, because other sources of error are large relative to interpolation and averaging errors.

These other sources of error include location error (error associated with the assumption that

tissue samples were taken at the center of the individual's home range), home range estimation

error (error associated with the assumption of uniform utilization of a circular exposure area), and

error in the assumption of uniform exposure to contaminants in the 0-1 foot soil profile.

9. EPA is concerned with what it considers to be arbitrary assumptions about the mathematical

form of the collocated TC and ESC distributions used by the Army to calculate BMF,,, and

about the correlation of the TC and ESC distributions. The Army believes that the quality of the

tissue concentration predictions made using its BMFs supports its statistical assumptions.

10. The Army and EPA agree that the IEA/RC tissue concentration predictions are not

independent of the tissue concentration observations to which they are compared, because the

observations were used to define the BMFs. The Army considers the comparison of dependent

tissue concentration predictions and observations to be an appropriate and necessary exercise for

both calibrating and evaluating the adequacy of its empirical BMFs. EPA believes that as a

calibration exercise, the comparison of dependent tissue concentration predictions and

observations is subject to severe data limitations.

11. EPA believes that screening the TC and ESC data from RMA is necessary and that

weighting the data is desirable to take account of the widely variable reliability of the data pairs.

The Army believes that this problem is reduced by the collocated distributions approach.

12. The Army and EPA agree that linearity, if it does occur, in the relationship between
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population mean tissue concentration and the true average exposure soil concentration is only

likely to occur over a limited range of soil concentrations. For example, there may be a low dose

threshold due to assimilative capacity. In addition, there are statistical problems in precisely

estimating average exposure soil concentration and tissue concentration in the low dose region

of the dose response curve, which may mask linearity. In the high dose region, non-linearity

would be expected to occur because at high values of the true exposure soil concentration,

animals could not survive long enough to reach steady-state tissue concentrations. A

pharmacokinetics saturation effect could also be responsible for non-linearity in the high dose

region of the dose response curve.

EPA believes that the relationship between TC and the estimated exposure soil concentration

would be expected to be non-linear because of high and low dose effects such as those described

above. EPA believes that non-linearity in this relationship would lead to underestimation of

BMTs (using its biological parameter definition of BM[F).

The Army believes, on the basis of comparison of mean tissue concentration predictions to

individual tissue concentration observations from across RMA, that the empirical model described

in equation (1) above, in which TCP,,d is linearly related to ESC, is adequate for characterizing

risks to biota. In other words, the Army believes that equation (1) is an adequate model of the

relationship between population mean tissue concentration and ESC, whether or not the

underlying relationship is truly linear over the range of exposure soil concentrations present at

RMA.

13. The Army and EPA disagree about the relevance of BM[F values derived from the literature.

EPA believes that there are literature data that allow direct estimation of BNE for biota exposed

to relatively uniform concentrations of soil contaminants, and also literature data on

bioaccumulation that allow indirect calculation of BMTs. The Army believes that the only

estimates that should be used in predicting tissue concentrations through equation (1) are

estimates that were derived from or compatible with the existing set of values of ESC, and that

there are no such studies reported in the literature.
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EPA believes that literature data are relevant and useful for estimating BM[Fs for at least some

combinations of species and contaminants. EPA believes that any biases or other deficiencies

in ESC should be addressed by recalculating ESC, rather than by excluding what EPA considers

to be relevant (literature) information on BUT. The Army does not consider bias to be a

deficiency in ESC, because it is much more cost effective to correct for ESC bias through the

use of an empirical BMF than to accurately estimate true exposure soil concentrations.

14. In the "full EPA approach," risk characterization would be effected by multiplying the values

of BMF selected by EPA (often literature values) with recalculated estimates of exposure soil

concentration:

Tcpmd = BW*<SC> (2)

The Army believes that the resulting tissue concentration predictions would be invalid if the

estimate of BMF used in equation (2) is not derived from or compatible with the existing set of

values of <SC>.

15. The Army and EPA agree that the relationship between tissue concentration and ESC may

be changed by remediating RMA soil contamination, even if the relationship between mean tissue

and exposure soil concentration is invariant. The Army and EPA agree that pre-remediation

BMFs, when multiplied by post-remediation ESCs, might not accurately pr edict post-remediation

mean biota tissue concentrations. EPA considers this to be a problem that should be solved by

improved or additional risk assessment techniques. EPA considers that the "full EPA approach"

would yield risk estimates less subject to this problem, and that most steps in the "full EPA

approach" (other than the gathering of new data) could be implemented quickly and cost

effectively. The Army considers this to be a risk management problem that would be most

effectively addressed through biomonitoring before, during, and after site remediation. EPA does

not endorse the position that deficiencies in risk assessment can be addressed by biomonitoring.

The Army and EPA agree that a risk assessment model designed to predict population mean

tissue concentrations under pre-remediation conditions might provide less accurate forecasts of
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post-remediation population mean tissue concentrations. The Army does not consider this to be

an indication that the risk assessment model is "deficient," because the model is not designed to

forecast post-remediation conditions. The Army believes that the pre-rernediation data gathering

and modeling required to obtain adequate predictions of mean tissue concentrations associated

with post-remediation soil concentrations would, at a minimum, take several more years, and

would not be a cost effective way to achieve risk management objectives.
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APPENDIX C.6.2

EPA'S APPROACH TO ESTIMATING BMTs



Introduction

EPA invoked dispute on this matter in June, 1993. A series of intensive meetings failed to

achieve a resolution satisfactory to the RMA parties (Army, Shell, USFWS, EPA, and the State

of Colorado). Therefore, the RMA Council resolved that the methodologies for calculating BW

proposed by Army, Shell, and EPA would be presented in the EEA, and that a supplemental field

study would be conducted. The purpose of the supplemental study is to determine if biota are

exposed to unacceptable levels of contaminants in the areas where the three methods result in

different estimates of potential risk. If it is determined that biota are exposed to unacceptable

levels of contaminants in these areas, a specific study to improve information on site-specific

BMFs would be conducted. The results of these field studies may resolve differences in current

risk estimates, but will not address deficiencies of the current data.

This version of the Integrated Endangerment Assessment/Risk Characterization (EEA/RC) presents

three alternative methods for calculation of empirical BMFs (BMT.,,,,) derived from RMA field

data (TCs and ESCs). The three methods are referred to in Appendix C.1.5.1.2 as the "Army

approach", the "Shell approach," and the "EPA approach." The three approaches were developed

by the respective parties because of disagreements about the appropriate ways to estimate site-

specific BWs for use in risk assessment, using the IEA/RC food web model. One source of

disagreement is the fact that the RMA sampling programs were not originally designed for

estimation of BMTs or for calibration of the food web model. The soil sampling program was

designed to determine the nature and extent of soil contamination, and focused on areas of known

contamination. The tissue sampling program was designed to determine if site-related

contaminants are present in biota tissues, and generally focused on areas peripheral to sites of

primary contamination. Although these separate sampling programs provide important

information regarding their stated goals, they were not designed to be used together to estimate

BW. Because soil sample locations were not specifically co-located with tissue sample locations

(different sampling programs at different times), deriving estimates of exposure soil

concentrations (ESCs) requires the extrapolation and averaging of soil concentrations measured

at various distances from the location of each tissue sample. The parties disagree about the

appropriate procedu-zes for deriving ESCs, for deriving estimates of BMFb, from the sets of data
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on tissue concentration and ESCs, and for "calibrating" the values of BUF (see Appendix C.6.1).

All three methods for calculating empirical BMFs from field data utilize the same data sets: a

set of tissue concentrations (TCs) and a corresponding set of "estimated exposure area soil

concentrations" (ESCs). ESCs were calculated in the IEA/RC from estimated soil concentrations

for each contaminant in an area surrounding the location where each biota sample was collected.

The approaches differ, however, in the manner in which ESC and TC values are used to calculate

BWs. These approaches are described in Appendix C, Section C.1.5.1.2. The three approaches

yield different BWs and, therefore, differing estimates of the spatial extent of risk for ecological

receptors.

This Appendix further describes EPA's approach to estimating BMFs for use in risk assessment

at RMA. It includes a description of the "EPA approach" or "modified paired data approach"

as carried out in the IEA/RC (Appendix C.1.5.1.2), as well as an outline of additional steps that

EPA would like to follow in estimating BMFs from existing data. These additional steps are

collectively referred to as the "full EPA approach." This Appendix presents the results of

implementing one of these additional steps (screening and weighting the field data), carried out

by EPA outside the IEA/RC. A separate Appendix (Appendix C.6.1) summarizes differences

between the "Army approach" to estimating BNIFs and the "full EPA approach", and states

differences of opinion between the Army and EPA about these approaches and underlying

concepts. Some of these differences of opinion derive from conceptual and definition differences

between the Army and EPA, as stated in Appendix C.6.1.

The "full EPA alpyroach".

The "full EPA approach" to estimating BN1[Fs would include the following steps, each of which

is recommended by EPA:

1. Improving statistical methodology for estimating site-specific BN4Fs (BMF.b,) from

existing RMA data:

a. Recalculating values of ESC to take account of spatial structure in the soil
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contan-dnation data, e.g., to develop appropriate interpolation distances for

calculating ESC;

b. Developing uncertainty estimates for ESC and incorporating these

estimates into analysis of uncertainties in estimates of BMF,,b,;

C. Screening and weighting the data to place highest weight on those data

pairs (TC/ESQ that yield the most reliable estimates of BMF,,b,, and to

exclude those pairs that yield highly uncertain estimates of BMFb,;

d. Developing point estimates of BMFb, from paired values of TC and ESC.

2. Incorporating appropriate literature estimates into the procedure for estimating

BMTs:

a. In some cases, estimates of BMF can be derived from literature data

directly (BMFjj,/dj,.), by dividing tissue concentrations reported in the

literature by the corresponding soil concentrations;

b. In other cases, estimates of BMF can be derived through modelling

(BNTjj,,w,), by combining data on bioaccumulation factors at successive

trophic levels;

C. Estimates of BMF derived from the literature (where available) should be

compared with those derived from field data (where available), and the

most appropriate values should be selected based on consideration of the

reliability, limitations, and applicability of each.

3. Obtaining new field data to support improved estimates of BWs.

The rationale for these recommendations may be summarized as follows:

I a. As stated in Appendix C.6.1 (paragraph 8), EPA believes that estimates of BMF

could be significantly improved by recalculation of ESCs. EPA has recommended

using a different geostatistical technique (e.g., kriging) to take fuller account of

spatial autocorrelation in the soil concentration data.
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lb. EPA believes that the formal development of uncertainty estimates for ESC would

assist in the screening and weighting of the ESC data (see next paragraph) and

would lead to improved assessment of uncertainty in estimates of BNV,, (see

item 2).

Ic. EPA believes that individual values of TC and ESC (and hence pairs of values)

differ greatly in reliability because of variability in sampling design and data

characteristics. Factors that contribute to this variability include: (a) spatial

variability in soil concentrations; (b) variability in sampling density; (c) variable

occurrence of BCRL values; (d) variable degree of co-location between tissue and

soil samples; and (e) potential non-linearity in the relationship between TC and

ESC. As stated in Appendix C.6.1 (paragraph 11), EPA believes that screening

the TC and ESC data from RMA is necessary and that weighting the data is

desirable to take account of the widely variable reliability of the data pairs.

Screening the data would eliminate the least reliable data pairs; weighting the

remaining data would place higher weight on the more reliable data pairs.

Id. EPA believes that analyzing paired data (pairing values of TC with values of ESC

from the same locations, rather than dissociating the data as in the collocated

distributions approaches) would make the best use of the spatial information

available in the TCESC data set.

2. As stated in Appendix C.6.1 (paragraph 13), EPA believes that literature data are

relevant and useful for estimating BNIFs for at least some combinations of species

and contaminants. EPA believes that there are literature data that allow direct

estimation of BNT for biota exposed to ielatively uniform concentrations of soil

contaminants (item 2b), and also literature data on bioaccumulation that allow

indirect calculation of BMFs (item 2c). Literature data on bioaccumulation could

also be used as a "reality check" on the ratio between estimates of BW at

successive trophic levels. As stated in Appendix C.6.1 (paragraph 7), EPA regards
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the empirical values of BMFb, as estimates of biological parameters

(concentration ratios in actual organisms), and hence is concerned with obtaining

the best possible estimates of the biological parameter consistent with the available

data. Consequently, EPA believes that literature data as well as site-specific data

should be used in selecting the values of BMF to be used in risk assessment at

RMA (item 2d).

3. For reasons stated later in this Appendix, EPA believes that the field data

presently available fi-om RMA are inadequate to derive estimates of BMFb., for

many combinations of species and contaminants. Although literature data are

available for many of these combinations, EPA believes that better estimates of

BMF (and, consequently, better risk estimates) would be obtained if field and

literature estimates could be compared (step 2d). For this reason, EPA

recommends that additional field data should be collected using a sampling

program specifically designed for estimating BMR EPA believes that such a

program could be designed and implemented within one year. In fact, additional

field data may be collected in Phase II of the supplemental field study, if this is

implemented.

Implementation of the "EPA approach" in the IEA/RC.

Because of time and resource constraints, only part of the "full EPA approach" is implemented

in the IEA/RC. The steps that are implemented are steps Id (analyzing paired data) and part of

step Ic (screening the data to exclude areas with low and high average values of ESQ. These

steps are referred to in the IEA/RC as the "EPA approach." As stated in Appendix C.6.1

(paragraph 1), the "EPA approach" was selected by EPA for use under the constraints imposed

in the IEA/RC; specifically, the decision to use the estimated ESC, with which EPA disagrees.

EPA regards the values of BMF,,, derived using the "EPA approach" as comparable with the

values of BWb, derived using the "Army approach" and the "Shell approach" from the same

data sets. However, EPA regards the values of BNIEFt. derived using the "EPA approach" as

interim values only, until other steps in the "full EPA approach" can be implemented.
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Procedures used by EPA to further screen and weight biota and soil data

The remainder of this Appendix describes procedures used by EPA (outside the IEA/RQ to

further screen and weight the biota and soil data. This represents an attempt to implement step

Ic in the "full EPA approach." EPA reviewed the data pairs individually, examining the original

soil contamination data and their spatial variability as well as the values of ESC calculated in the

MA/RC. The objective of the exercise was to identify a subset of the data that could be used

for estimating BMFt., in spite of the limitations imposed by the lack of co-location and other

data deficiencies identified earlier in this Appendix.

EPA's three step procedure for screening and weighting the data is described below:

Step 1: Screening of samples with BCRL tissue concentrations.

The first step in screening and weighting the TC/ESC data sets is to address the problems posed

by the high prevalence of BCRL values in both data sets. EPA notes initially that each TOESC

pair consists of a pair of values, a single measured tissue concentration (TC) and an average soil

concentration constructed by a process of spatial interpolation (onto a rectangular grid) and

spatial averaging (over a circular area surrounding the point of collection and intended to

simulate the exposure range of the organism that is sampled). Thus, TC is a single value,

whereas ESC is a weighted average of many measured soil concentrations. This structure of the

data reflects the biological reality that a single organism is exposed to contaminants at many

locations and that the concentration accumulated in tissues integrates its exposure over these

locations. Because of this structure, an average soil concentration can be calculated meaningfully

even if many of the individual soil concentrations are BCRL. The Army's procedure for

calculating ESC assigns numerical values to BCRL samples by a process of weighted averaging

over surrounding non-BCRL values. The larger the proportion of replaced values in the set that

contributes to the average, the greater the uncertainty in the value of ESC. Accordingly, EPA

uses this proportion as a component in the process of weighting described in the next section.

For the tissue concentration, however, a BCRL value is much more problematical. In an
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approach that pairs tissue and soil concentrations, a replacement value for a BCRL is largely

meaningless, because the point estimate of BUF would be the replacement value for a BCRL

tissue concentration divided by ESC (which itself often incorporates replacement values for

BCRL soil concentrations). The tissue replacement value may be wrong by orders of magnitude

in individual cases. Accordingly, EPA assigns zero weight to all data pairs in which the tissue

value is BCRL. Likewise, zero weight is assigned to data pairs in which the ESC is based

largely or entirely on BCRL values. EPA assigns variable weight to data pairs in which the

tissue value is above the CRL but the ESC is based in part on BCRL values.

The first step in screening the data, therefore, is to identify the data pairs for which the tissue

value is BCRL. To effect this screening step, EPA reviewed the complete files of data on tissue

concentrations at RMA (files ALDDLDPR.XLS, DDEDDTPR.XLS, ENDRNPR.XLS, and

MERCPR.XLS), as provided by the Army. The numbers of positive findings (tissue

concentration > CRL) were then compiled for each analyte in each species. Table I lists these

positive findings. Samples that were not analyzed (concentration listed as 9999.99) or for which

data were incomplete (samples with 2- or 3- digit tag identification numbers) are included in the

total number of samples but not in the numbers of positive findings.

Combining all species, the total number of biota. samples in each file was 752. For dieldrin, the

proportion of positive findings was 50% overall, and exceeded 50% in all animal species except

for the cottontail (SYAU). Although the proportion of positive findings for aldrin in animals was

only 3% (17/516), this is expected because aldrin is metabolized to dieldrin in most animal

species. Hence, dieldrin is expected to predominate in most or all animal samples, and the

Army's procedures for replacing BCRL values for aldrin will introduce only small uncertainties

into the estimates of the combined concentrations (aldrin + dieldrin). For this reason, EPA

regards the frequency of positive findings for (aldrin + dieldrin) in animals as numerically

sufficient to attempt estimation of BUFs. [Considerations other than numerical sufficiency will

be discussed in the next section.]

For plants, the proportion of positive findings was only 25% (60/236) for dieldrin and 2.5%
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96/236) for aldrin (Table I). Because plants accumulate aldrin as well as dieldrin, there is no

similar presumption that the true aldrin concentrations in plants would be small compared to the

true dieldrin concentrations. Hence, the Army's procedures for replacing BCRL values for aldrin

in plants introduce larger uncertainties into the estimates of the combined concentrations (aldrin

+ dieldrin). For this reason, EPA regards the frequency of positive findings for (aldrin +

dieldrin) in plants as too low for reliable estimation of BuFs.

For the other analytes (DDT, DDE, endrin, and mercury), Table 1 shows that the proportions of

samples with positive findings ranged from 3% (DDT) to 7% (mercury). Excluding earthworms,

the proportions of samples with positive findings ranged only from. 2.4% (DDT) to 4.7% (endrin).

EPA concludes that these data are inadequate to make any estimates of BW using RMA field

data for DDT+DDE, endrin, or mercury for any species. When the proportions of BCRL values

are in the range 93-97%, as they are for these analytes at RMA, estimating replacement values

yields results that have very high uncertainty.

Step 2: Further screening and weighting of data for aldrin + dieldrin

In step 2, the paired TOESC data are screened and weighted in order to place higher weights on

the data pairs which yield more reliable estimates of BMF, and lower or zero weights on the data

pairs which yield less reliable estimates of BMR The weights were assigned to take account

of the following factors:

(1) detectability of tissue concentrations (whether one or both analytes were above CRL);

(2) co-location of tissue and soil samples;

(3) measurability of soil concentrations (proportion of soil samples above CRL);

(4) magnitude of average soil concentration (screening out of data pairs with high values of

ESQ.
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These four factors were all utilized in the weighting scheme presented below. EPA originally
intended also to take account of the local variability of soil concentrations (placing lower weight

on data pairs for which the soil local concentrations were more variable), but was unable to do

so, for reasons explained below.

The data were screened using soil concentration maps prepared for this purpose by the Army.

The maps were on a scale of I inch:300 feet. The collection location for each tissue sample was
marked with a colored dot and a list of tissue samples showing the trophic group and Tag DD
number for each sample. The Tag ID number was used for sample identification. Reference to
the file ALDDLDPR.XLS yielded the trophic group and species, the measurements, if any, of
aldrin and dieldrin in the tissue sample, and the estimated value of ESC for the location of
collection. The maps also showed the location of each soil sample and the estimated value of

ESC. Each soil sample was marked with a symbol showing the number of "hits" (i.e., the
number of measurements above CRL for aldrin and/or dieldrin). Triangles indicated 2 "hits",

circles indicated one "hit" (plus one BCRL estimation or one not analyzed or NA); squares

indicated no "hits" (both BCRL estimations or one BCRL and one NA). Soil sampling locations

for which no soil concentration value was posted on the maps (i.e., both values NA) were ignored

in all analyses.

For each species, the "home range equivalent radius" (HRER) is defined as the radius of a circle

with area equal to the consensus value for the area of the home range. Transparent overlays were

prepared with ruled circles of radius equal to the HRER for the various species. Using these

overlays, the number of soil samples within the HRER and within half the HRER was determined

for each tissue sample. The distance to the nearest soil sample was estimated to the nearest 10
feet. Because of the small scale of the maps, errors of up to 10 feet or more are possible in this

measurement, but such errors are smaller than the uncertainty in surveying of the tissue collection

locations.

The information collected and used in the analysis is presented on a spreadsheet (Table 2). The

spreadsheet is sorted hierarchically in the following order:
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Trophic group (alphabetically)

Species (alphabetically)

Tag ID number (alphanumeric, ascending)

The columns in the spreadsheet give the following information:

Column 1: Location number. Location numbers were assigned arbitrarily in order of

processing. This was generally in the order of the maps provided, progressing from northwest

to southeast within each map. The total number of collection locations was 164.

Columns 24: Sample identity. These columns present the Tag ID number, species (4-character

code), and trophic group (5-character code), respectively.

Columns 5-7: Co-location. Columns 5 and 6 give the number of soil samples mapped within

the HRER and half the HRER, respectively. Column 7 gives the estimated distance (in feet) to

the nearest soil collection location.

Columns 8-11: BCRLs in soil. Column 8 gives the proportion of BCRLs among the analyses

for soil samples collected within the HRER. (The denominator in this ratio is twice the number

of samples, since each sample was analyzed for aldrin and dieldrin and thus contributed two

values.) For mourning doves (ZEMA), the number of soil samples collected within the HRER

commonly exceeded 35 and ranged up to 200; in such cases, column 8 gives the proportion of

BCRLs among the analyses for soil samples collected within the HRER/2. Columns 9-11 give

the number of "hits" among the nearest six soil samples to the location of collection, up to a

maximum distance of 1,200 feet. In the algorithm used in the EEA/RC for estimating ESC, the

mean soil concentration at a grid point is usually estimated from the nearest six soil samples, up

to a maximum of 1,200 feet in peripheral areas (see Appendix C.1.4). Although the two-stage

procedure used in the EEA/RC for calculating ESC makes it difficult to calculate the contribution

of BCRL replacement values to each computed value of ESC, the information in column 8 is

expected to reflect this contribution in areas.of high sampling density, whereas that in columns
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9-11 is expected to reflect this contribution in areas of low sampling density. Columns 9-11,

respectively, give the number of soil samples with 2, 1, and 0 "hits" for aldrin and dieldrin.

Column 12: Number of tissue "hits". Zero "hits" means both analytes were either BCRL or

NA. For plants and earthworms, I "hit" means one of the analytes was above CRL, the other

BCRL or N/A; 2 "hits" means both analytes were above CRL. For animals other than

earthworms, 2 "hits" means dieldrin was above CRL (because most animals metabolize aldrin to

dieldrin, a "hit" for dieldrin with BCRL for aldrin is treated as equivalent to 2 "hits" for plants

or earthworms).

Column 13: Assigned weight (see next section). EPA also attempted to extract data on

variability in soil concentrations around each tissue sampling location. However, with the

information available, it was not possible to calculate a useful measure of this variability. This

was because of the wide range of soil sampling densities and the high prevalence of BCRL

replacements among the soil concentration values. Areas where the mapped soil values were

relatively uniform (low variance) were usually those where the soil values were derived largely

from BCRL replacements. In the few areas where the proportion of BCRLs was low, the

variance in measured soil concentrations was very high, but was difficult to calculate because of

irregular sampling designs. Although it would be desirable to analyze the spatial structure of the

soil data and to identify areas of high and low variance, this was not possible with the available

data.

Assignment of weights. Table 3 shows the weighting scheme developed by EPA. The data

pairs are categorized by letter in descending order of assigned weight, such that categories A-C

indicate high weight (low uncertainty of estimated BMF), categories D-G indicate low weight

(high uncertainty of estimated BMF), and category H indicates zero weight. The data pairs are

categorized by letters rather than numerical weights in order to permit exploration of different

numerical weighting schemes. The categorizations incorporate information on different factors

that lead to uncertainty, using scientific judgement to integrate the various factors as shown in

the table.
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Data pairs are initially categorized by the number of "hits" in the tissue sample. Samples with

two "hits" as defined above follow the categorization in the upper half of Table 3; samples with

one "hit" follow the categorization in the lower half of Table 3; samples with zero hits are placed

in category H (zero weight). The data pairs are then characterized by the number of soil samples

within the HRER: more than 10, 4-9, 1-3, or zero; data pairs with zero soil samples within the

HRER are further characterized by the distance to the nearest soil sampling location (greater or

less than 100 feet). The data pairs are finally characterized by the percentage of soil samples that

are BCRL (>50%, 50-80%, or >80%). This percentage is derived from column 8 in Table 2 if

the number of soil samples within the HRER is 4 or more, or from columns 9-11 in Table 2 if

the number of soil samples within the HRER is 0-3.

After categorizing all the data pairs following the scheme in Table 3, EPA investigated the

linearity of the relationships between TC and ESC. This investigation was limited to the only

two species (ZEMA and CYLU) for which a reasonable number (more than 20) of paired samples

were assigned non-zero weights based on the scheme presented in Table 3. Plotting TC against

ESC within the screened data set for ZEMA indicated that TC increased with ESC up to ESC

values of about pprn (combined aldrin/dieldrin concentrations in the 0-12 inch soil profile), but

did not increase further above ESC = 1.5 ppm. A scatter plot of unscreened data for deer mice

(PEMA), presented in the EPA/ORD report, August 1993, showed a similar nonlinear pattern,

with a change in slope at about ESC = 3 ppm. The scatter plot for CYLU showed no clear

dependence of TC on ESC, either at low values or high values of ESC (Figure 2). Because of

the non-linearity, all data pairs for which ESC was greater than 3 ppm were assigned a zero

weight (category H).

Step 3: Further screening and weighting of data on other analytes

For analytes other than aldrin/dieldrin, the screening and weighting procedures described in the

previous section were applied only to data pairs for which one or both tissue concentrations were

above CRL. For (DDT + DDE), the screening and weighting procedure was the same as that for

(aldrin + dieldrin), except that animal samples for w"aich only one analyte was above CRL (either
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DDT or DDE being BCRL or NA) were characterized as one "hit" instead of two "hits". For

endrin and mercury, only the upper half of Table 3 was used for assigning weights. Non-

linearity of the relationship between TC and ESC was not investigated for any of these analytes;

i.e., data pairs with high values of ESC were not assigned zero weight for that reason alone.

Results, Discussion, and Conclusions

Table 2 presents the results of the screening and weighting procedure for aldrin + dieldrin.

Tables 4, 5 and 6 present the results of the screening and weighting procedure for DDT + DDE,

endrin, and mercury, respectively, limited to the data pairs with one or two tissue "hits". Table

7 summarizes the number of data pairs for each analyte that are assigned high weights (categories

A-C) and low weights (categories D-G).

A total of 752 biota samples were collected at RMA and analyzed for aldrin, dieldrin, DDE,

DDT, endrin, and mercury (database provided by the Army, November 1993). Each was paired

with an estimated soil concentration. For aldrin and dieldrin, the total number of pairs of all

species assigned non-zero weights was 103, or only 14 percent of all samples collected and

analyzed for aldrin and dieldrin. Of these 103 pairs, the majority were assigned low weights,

representing high uncertainty and low confidence; 82 of the 103 pairs were assigned low weights,

while only 21 (or 3 percent of all samples collected and analyzed for these chemicals) received

high weights. Of the 82 pairs receiving low weights, most trophic boxes had a very small number

of pairs with non-zero weights (e.g., I to 4 per species; see Table 7), with the remaining pairs

being assigned zero weights. The only species having more than a few pairs assigned low

weights are the grasshopper (ACRI, in 12 of 81 samples analyzed), black-tailed prairie dog

(CYLU, in 27 of 128 samples analyzed), and deer mouse (PEMA, in 14 of 90 samples analyzed).

Of all the biota samples analyzed for aldrin and dieldrin, birds were the only species assigned

high weights, including the mourning dove (ZEMA, in 15 of 68 samples analyzed) and the

western meadowlark (STNE, in 6 of 10 samples analyzed) (see Table 7).

For the other analytes, the total numbers of samples assigned non-zero weights are 6 for DDT

+ DDE, 26 for endrin, and 20 for mercury (Table 7). Only 14 sa:.mples (of which 8 are mourning
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doves for endrin) are assigned "high" weights. The largest number of samples assigned non-zero

weights within any species/analyte combination is 14 (earthworms, mercury, only one assigned

"high" weight).

EPA considers that all these sample sizes, after screening and weighting, are inadequate for any

meaningful estimation of BUR The species/analyte combination that would provide the best

basis for estimating BMT is the mourning dove for aldrin + dieldrin, with 15 samples given

"high" weights and three more given "low" weights. The total of 18 samples with non-zero

weights, however, is only 25% of the number of mourning doves collected, raising the possibility

of screening biases. Mourning doves tend to receive high weights because they have large home

ranges, often incorporating many soil sampling locations. However, for the same reason,

estimates of their exposure are highly uncertain, because the home range circles include an

extremely wide range of soil concentrations. Finally, mourning doves are relatively large,

granivorous birds, and hence are poor models for the small, generally insectivorous nestling birds

that form part of the diet of the American kestrel, the only predatory species for which birds are

a significant part of the diet. For these reasons, EPA believes that a BM[F value calculated from

the screened data set for the mourning dove would not be a reliable or meaningful estimate of

BNIT for small birds for use in risk assessment at RMA. The same comments apply to mourning

doves for endrin (N = 14). The western meadowlark (STNE) had six samples assigned "high"

weights for aldrin + dieldrin, but this sample size is too small for reliable statistical estimation

of BMF, given the high variance in both TC and ESC. Grasshoppers, prairie dogs, and deer mice

had modest samples with non-zero weights for aldrin + dieldrin, but all these samples were

assigned "low" weights and hence would not serve as a reliable basis for calculation. The same

comment applies to the screened sample of worms for mercury (14 with non-zero weights, of

which only I was assigned a "high" weight). No other species/analyte combination had nearly

enough data pairs with non-zero weights to consider estimating a BMR

Overall, EPA considers the field data from RMA inadequate to serve as the basis for calculating

BMF.b, for any species/analyte combination. The main reasons why low or zero weights are

assigned to so many data pairs are:
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o The lack of co-location of tissue and soil samples in the large majority of cases;

o the high frequency of BCRLs in all cases except a few species for dieldrin; and

o the high frequency of sampling locations in which the value of ESC was above the

range in which the relationship between TC and ESC appears to be linear.

As stated in Appendix C.6.1 (paragraph 6), the parties disagree about the applicability of this

conclusion. The Army believes that it is applicable only to BMT as defined by EPA and

estimated by the EPA approach, whereas EPA believes that it is applicable equally to BUF as

defined by the Army and estimated by the "collocated distributions" approaches.

Because EPA judges the field data from RMA to be inadequate to serve as the basis for

calculating BNFb,, for any species/analyte combination, EPA believes that literature data must

be the primary source for estimates of BMF for use in the IEA/RC (step 2 in the "full EPA

approach"). EPA believes that literature data are available, relevant, and useful for estimating

BMFs for at least some combinations of species and contaminants (see Appendix C.6.1,

paragraph 13). However, EPA believes that it would be desirable to have site-specific estimates

of BMF to compare with the literature values (step 2c in the "full EPA approach"). Accordingly,

EPA has recommended that a limited program for collecting additional field data should be

conducted for this purpose (step 3 in the "full EPA approach"). To avoid the uncertainties that

have resulted from attempts to use the existing data for this purpose, EPA recommends that the

program should be designed specifically for estimating BMFs. In particular, the program should

select sampling locations within the expected linear range of the TOESC relationship, should

precisely co-locate tissue and soil samples, should be designed for spatial averaging of soil

concentrations, and should use an analytical method sensitive enough to reduce the frequency of

BCRLs to low levels. EPA believes that such a program (e.g., Phase III of the supplemental field

study) could be carried out within one year and could lead to significant improvement in

estimates of BMF and consequent estimates of risks to biota.
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TABLE I

RMA BIOTA SAMPLES: FREQUENCY OF POSITIVE FINDINGS (>CRLs)

Group Species No. of Number of Positive Findings
Samples Aldrin Dieldrin Both DDT DDE Both Endrin Hg

HERPS AMBY 2 2 2 2 1 0 0 2 2
PIME 3 0 3 0 0 1 0 0 0
SCAP 2 0 2 0 0 0 0 0 1

INSCT ACRI 81 0 41 0 3 0 0 4 0
COLE 17 5 12 5 1 3 1 5 0

MDMML CYLU 128 0 74 0 1 2 0 2 1
SYAU 28 0 8 0 0 0 0 0 1

SHBRD CHVO 5 0 5 0 3 5 3 2 5
SMBRD POGR 5 0 3 0 0 0 0 0 0

STNE 10 0 9 0 0 0 0 0 0
ZEMA 68 1 45 1 0 2 0 13 0

SNOV54L PEMA 90 6 63 6 3 5 1 2 7
SPTR 3 0 3 0 0 0 0 0 0

TRPLT BRTE 84 2 28 1 2 1 1 1 0
COAR 4 0 0 0 0 0 0 0 0
HEAN 89 3 21 3 1 2 0 2 0
KOIR 42 1 4 0 1 0 0 1 0
LASE 17 0 7 0 0 0 0 0 0

WORMS OLIG 74 3 45 3 8 12 5 11 35
All Samples 752 23 378 21 24 33 11 43 52



TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank

No. HRER HRER/2 Nearest Soil within HR Having Hits w/in Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits

10 B0797 AMBY HERPS 0 0 410 0 4 1 1 2 G

18 B0798 AMBY HERPS 0 0 410 0 4 1 1 2 G

116 B0486 PIME HERPS 1 0 270 0/2 1 0 5 2 F

14 B1449 PIME HERPS 1 0 340 2/2 0 0 5 2 H

80 B1460 PIME HERPS 5 4 90 8/10 1 0 5 2 D

77 B1458 SCAP HERPS 0 0 70 0 2 1 3 2 H

79 B1459 SCAP HERPS 0 0 380 0 2 0 4 2 H

74 130119 ACRI INSCT 0 0 70 0 4 1 1 2 H

75 B0120 ACRI INSCT 0 0 40 0 1 3 2 2 Q

122 1301ZI ACRI INSCT 0 0 40 0 3 2 1 2 H

127 1301ý3 ACRI INSCT 0 0 225 0 3 0 3 2 H

77 B0131 ACRI INSCT 0 0 70 0 2 1 3 0 H

148 B01 34 ACRI INSCT 0 0 45 0 0 3 3 0 H

132 B0136 ACRI INSCT 0 0 870 0 0 0 1 0 H

71 B0147 ACRI INSCT 0 0 50 0 0 2 4 2 H

68 B0148 ACRI INSCT 0 0 50 0 1 2 3 2 G

51 B0150 ACRI INSCT 0 0 60 0 1 5 0 0 H

53 B0152 ACRI INSCT 0 0 110 0 0 0 6 2 H

99 B01 54 ACRI INSCT 0 0 35 0 2 1 3 2 G

17 B0155 ACRI INSCT 0 0 100 0 1 0 5 2 H

27 B0157 ACRI INSCT 0 0 20 0 2 2 2 2 G

28 B0159 ACRI INSCT 0 0 90 0 1 3 2 2 G

17 B0196 ACRI INSCT 0 0 100 0 1 0 5 2 H

6*1 B0197 ACRI INSCT 0 0 70 0 1 4 1 2 G

119 B0198 ACRI INSCT 0 0 70 0 2 1 3 2 F

127 B0661 ACRI INSCT 0 0 225 0 3 0 3 2 H

97 B0662 ACRI INSCT 0 0 160 0 1 2 3 2 H



TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (11) circle Search Radius: Hits

2 hits 1 hit 0 hits
79 B0663 ACRI INSCT 0 0 380 0 2 0 4 0 H

106 B0664 ACRI INSCT 0 0 110 0 3 0 3 0 H
74 B0680 ACRI INSCT 0 0 70 0 4 1 1 2 H
31 B0681 ACRI INSCT 0 0 220 0 2 2 2 0 H

W B0682 ACRI INSCT 0 0 80 0 2 2 2 0 H
75 B0683 ACRI INSCT 0 0 40 0 1 3 2 0 H
27 B0684 ACRI INSCT 0 0 20 0 2 2 2 2 F
29 B0685 ACRI INSCT 0 0 190 0 5 1 0 2 G

119 B0686 ACRI INSCT 0 0 70 0 2 1 3 2 H
104 B0687 ACRI INSCT 0 0 180 0 1 0 5 2 H
122 B0688 ACRI INSCT 0 0 40 0 3 2 1 2 H
51 B0689 ACRI INSCT 0 0 60 0 1 5 0 0 H
71 B0690 ACRI INSCT 0 0 50 0 0 2 4 2 H
65 B0691 ACRI INSCT 0 0 30 0 1 4 1 0 H
17 B0692 ACRI INSCT 0 0 100 0 1 0 5 0 H
53 B0693 ACRI INSCT 0 0 110 0 0 0 6 0 H
61 B0694 ACRI INSCT 0 0 70 0 1 4 1 2 H

132 B0704 ACRI INSCT 0 0 870 0 0 0 1 0 H
77 B0708 ACRI INSCT 0 0 70 0 2 1 3 0 H

148 B0709 ACRI INSCT 0 0 45 0 0 3 3 0 H
134 B0744 ACRI INSCT 0 0 440 0 0 0 1 0 H
133 B0746 ACRI INSCT 0 0 990 0 0 0 1 0 H
37 B0868 ACRI INSCT 0 0 450 0 0 0 6 0 H
17 B1368 ACRI INSCT 0 0 100 0 1 0 5 2 H
31 B1369 ACRI INSCT 0 0 220 0 2 2 2 2 H
29 B1370 ACRI INSCT 0 0 190 0 5 1 0 2 G
77 B1373 ACRI INSCT 0 0 70 0 2 1 3 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits

27 B1377 ACRI INSCT 0 0 20 0 2 2 2 2 G
104 B1386 ACRI INSCT 0 0 180 0 1 0 5 2 H
97 B1387 ACRI INSCT 0 0 160 0 1 2 3 2 H

122 B1492 ACRI INSCT 0 0 40 0 3 2 1 2 F
53 B1493 ACRI INSCT 0 0 110 0 0 0 6 2 H
65 B1494 ACRI INSCT 0 0 30 0 1 4 1 2 H
71 B1495 ACRI INSCT 0 0 50 0 0 2 4 2 H
51 B1496 ACRI INSCT 0 0 60 0 1 5 0 2 H

127 B1498 ACRI INSCT 0 0 225 0 3 0 3 2 H
106 B1499 ACRI INSCT 0 0 110 0 3 0 3 2 H
61 B1500 ACRI INSCT 0 0 70 0 1 4 1 2 H

132 B1504 ACRI INSCT 0 0 870 0 0 0 1 0 H

34 B1512 ACRI INSCT 0 0 340 0 0 1 5 0 H
37 B1513 ACRI INSCT 0 0 450 0 0 0 6 0 H
15 B1514 ACRI INSCT 0 0 40 0 2 1 3 0 H
16 B1515 ACRI INSCT 0 0 30 0 0 0 6 0 H

74 B1518 ACRI INSCT 0 0 70 0 4 1 1 2 H
75 B1519 ACRI INSCT 0 0 40 0 1 3 2 0 H

117 131520 ACRI INSCT 0 0 80 0 2 2 2 0 H
133 B1521 ACRI INSCT 0 0 990 0 0 0 1 0 H
134 B1522 ACRI INSCT 0 0 440 0 0 0 1 0 H
119 B1533 ACRI INSCT 0 0 70 0 2 1 3 2 H
79 131594 ACRI INSCT 0 0 380 0 2 0 4 0 H

141 B1595 ACRI INSCT 0 0 90 0 4 0 2 0 H
148 B1612 ACRI INSCT 0 0 45 0 0 3 3 0 H
136 B1613 ACRI INSCT 0 0 180 0 1 0 5 0 H
63 129 ACRI INSCT 0 0 80 0 4 0 2 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to l3CRLs Number of Samples # of Rank

No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits

63 418 ACRI INSCT 0 0 80 0 4 0 2 0 H

63 419 ACRI INSCT 0 0 80 0 4 0 2 0 H

63 483 ACRI INSCT 0 0 80 0 4 0 2 0 H

23 488 ACRI INSCT 0 0 180 0 2 2 2 0 H

22 489 ACRI INSCT 0 0 290 0 2 3 1 0 H

22 490 ACRI INSCT 0 0 290 0 2 3 1 0 H

23 491 ACRI INSCT 0 0 180 0 2 2 2 0 H

97 B0789 COLE INSCT 0 0 160 0 1 2 3 2 H

128 B0790 COLE INSCT 0 0 160 0 2 1 3 2 H

61 B0791 COLE INSCT 0 0 70 0 1 4 1 2 H

134 B0793 COLE INSCT 0 0 440 0 0 0 1 0 H

5 B0794 COLE INSCT 0 0 240 0 0 1 5 2 G

17 B0808 COLE INSCT 0 0 100 0 1 0 5 2 H

65 B0809 COLE INSCT 0 0 30 0 1 4 1 2 H

130 B0818 COLE INSCT 0 0 740 0 0 0 4 2 H

29 B0819 COLE INSCT 0 0 190 0 5 1 0 2 G

141 B0820 COLE INSCT 0 0 90 0 4 0 2 0 H

51 B1030 COLE INSCT 0 0 60 0 1 5 0 2 H

17 B1649 COLE INSCT 0 0 100 0 1 0 5 2 H

5 B1667 COLE INSCT 0 0 240 0 0 1 5 0 H

61 B1668 COLE INSCT 0 0 70 0 1 4 1 2 H

51 B1669 COLE INSCT 0 0 60 0 1 5 0 2 H

97 B1670 COLE INSCT 0 0 160 0 1 2 3 0 H

51 B0067 CYLU MDMML 1 0 60 1/2 1 5 0 0 H

53 B0068 CYLU MDMML 0 0 110 0 0 0 6 2 H

53 B0072 CYLU MDMML 0 0 110 0 0 0 6 0 H

51 B0073 CYLU MDMML 1 0 60 1/2 1 5 0 2 H



TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of Samples # of Rank
No, HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits

67 B0074 CYLU MDMML 2 1 45 3/4 0 5 1 2 H
67 B0075 CYLU MDMML 2 1 45 3/4 0 5 1 2 H

106 B0076 CYLU MDMML 0 0 110 0 3 0 3 2 H

108 B0077 CYLU MDMML 0 0 105 0 3 0 3 0 H
105 B0080 CYLU MDMML 0 0 210 0 3 0 3 2 H

20 130101 CYLU MDMML 0 0 260 0 3 2 1 0 H
96 B0102 CYLU MDMML 1 1 40 0/2 2 2 2 2 F
95 B0103 CYLU MDMML 1 0 60 0/2 2 2 2 2 F
59 B0326 CYLU MDMML I 1 0 1/2 1 4 1 0 H
59 B0327 CYLU MDMML I 1 0 1/2 1 4 1 2 F
58 B0328 CYLU MDMML I 1 0 112 0 5 1 2 F
57 B0329 CYLU MDMML 2 1 0 2/4 0 5 1 2 F
57 B0330 CYLU MDMML 2 1 0 2/4 0 5 1 2 F
13 B0331 CYLU MDMML 0 0 356 0 0 0 5 2 H
69 B0332 CYLU 'MDMML 2 1 30 1/4 2 2 2 2 F
48 B0333 CYLU MDMML I 1 0 1/2 0 5 1 2 F
43 B0334 CYLU MDMML 0 0 ISO 0 1 1 4 2 H
40 B0335 CYLU MDMML 4 0 90 8/8 0 1 5 2 G
41 B0336 CYLU MDMML 2 1 40 4/4 0 2 4 2 H
41 B0337 CYLU MDMML 2 1 40 4/4 0 2 4 2 H

9 B0338 CYLU MDMML 0 0 160 0 0 0 6 2 H
88 B0339 CYLU MDMML 2 1 0 3/4 1 3 2 2 F
47 B0340 CYLU MDMML 5 4 10 5/10 0 6 0 2 D
84 B0341 CYLU MDMML I 1 0 0/2 0 2 4 2 H
54 B0342 CYLU MDMML 2 1 0 2/4 0 4 2 2 F
94 B0343 CYLU MDMML 1 1 0 1/2 1 3 2 2 F
104 B0532 CYLU MDMML 0 0 180 0 1 0 5 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to l3CRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
104 B0533 CYLU MOMML 0 0 180 0 1 0 5 2 H
97 B0534 CYLU MDMML 0 0 160 0 1 2 3 0 H
31 B0537 CYLU MDMML 0 0 220 0 2 2 2 2 H
53 B0538 CYýU MDMML 0 0 110 0 0 0 6 2 H
53 B0539 CYLU MDMML 0 0 110 0 0 0 6 2 H
53 B0540 CYLU MDMML 0 0 110 0 0 0 6 2 H
51 B0582 CYLU MDMML 1 0 60 1/2 1 5 0 2 H
51 B0583 CYLU MDMML 1 0 60 112 1 5 0 2 H
51 B0584 CYLU MDMML 1 0 60 1/2 1 5 0 2 H
109 B0585 CYLU MDMML 0 0 210 0 3 0 3 2 H
101 13015 CYLU MDMML 0 0 ISO 0 3 0 3 0 H
101 B0716 CYLU MDMML 0 0 150 0 3 0 3 2 H
101 B0717 CYLU MDMML 0 0 ISO 0 3 0 3 0 H
101 B0718 CYLU MDMML 0 0 150 0 3 0 3 2 H
97 B0724 CYLU* MDMML 0 0 160 0 1 2 3 2 H
98 B0727 CYLU MDMML 0 0 210 0 1 2 3 2 H
31 B0729 CYLU MDMML 0 0 220 0 2 2 2 2 H
30 B0731 CYLU MDMML 0 0 110 0 3 3 0 2 G
104 B0732 CYLU MDMML 0 0 180 0 1 0 5 2 H
160 B0755 CYLU MDMML 0 0 330 0 1 0 5 2 H
101 B0756 CYLU MDMML 0 0 150 0 3 0 3 2 H
30 B0757 CYLU MDMML 0 0 110 0 3 3 0 2 G
103 B0758 CYLU MDMML 1 1 40 0/2 2 0 4 2 F
161 B0759 CYLU MDMML 0 0 380 0 0 0 6 2 H

51 B0772 CYLU MDMML 1 0 60 1/2 1 5 0 2 H
51 B0773 CYLU MDMML 1 0 60 1/2 1 5 0 2 H
53 B0774 CYLU MDMML 0 0 110 0 0 0 6 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank

No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits

53 B0775 CYLU MDMML 0 0 110 0 0 0 6 2 H

162 B0776 CYLU MDMML 0 0 290 0 0 0 6 2 H

164 B0788 CYLU MDMML 0 0 300 0 0 1 5 0 H

30 B1312 CYLU MDMML 0 0 110 0 3 3 0 2 G

30 B1313 CYLU MDMML 0 0 110 0 3 3 0 2 G

30 B1315 CYLU MDMML 0 0 110 0 3 3 0 2 G

30 B1318 CYLU MDMML 0 0 110 0 3 3 0 2 G

97 B1319 CYLU MDMML 0 0 160 0 1 2 3 0 H

97 B1323 CYLU MDMML 0 0 160 0 1 2 3 2 H

97 B1324 CYLU MDMML 0 0 160 0 1 2 3 2 H

32 131ý25 CYLU MDMML 1 0 90 0 2 0 4 2 F

32 B1326 CYLU MDMML 1 0 90 0 2 0 4 2 F

97 B1329 CYLU MDMML 0 0 160 0 1 2 3 2 H

104 B1330 CYLU MDMML 0 0 180 0 1 0 5 2 H

12 B1332 CYLU MDMML 1 1 30 2/2 1 0 5 0 H

81 B1333 CYLU MDMML 0 0 240 0 1 0 5 2 H

49 B1335 CYLU MDMML 0 0 180 0 2 3 1 0 H

100 B1340 CYLU MDMML 0 0 170 0 5 0 1 2 G

100 B1341 CYLU MDMML 0 0 170 0 5 0 1 2 G

44 131342 CYLU MDMML 0 0 210 0 0 4 2 2 H

46 B1343 CYLU MDMML 1 0 90 1/2 0 6 0 0 H

100 B1348 CYLU MDMML 0 0 170 0 5 0 1 2 G

83 B1350 CYLU MDMML 0 0 310 0 1 0 5 2 H

45 B1351 CYLU MDMML 0 0 220 0 1 3 2 0 H

86 B1359 CYLU MDMML 1 1 30 0/2 2 0 4 2 F

82 B1360 CYLU MDMML 0 0 250 0 1 0 5 2 H

87 B1361 CYLU MDMML 1 0 80 0/2 0 0 6 2 H



TABLE , RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of Samples # of RankNo. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue
Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits85 B1362 CYLU MDMML 0 0 150 0 2 1 3 2 H104 B1363 CYLU MDMML 0 0 180 0 1 0 5 0 H163 B1364 CYLU MDMML 0 0 200 0 1 0 5 2 F11 B1365 CYLU MDMML 0 0 160 0 2 0 4 0 H16 B1366 CYLU MDMML 5 2 30 6110 0 0 6 0 H110 B1371 CYLU MDMK4L 0. 0 290 0 2 0 4 0 H10 B1378 CYLU MDMML 0 0 170 0 0 0 6 0 HIII B1389 CYLU MDMML 0 0 360 0 2 0 4 0 H109 B1390 CYLU MDMML 0 0 210 0 3 0 3 2 H39 64 CYLU MDMML 1 0 60 1/2 2 1 3 0 H39 65 CYLU MDMML 1 0 60 1/2 2 1 3 0 H39 120 CYLU MDMML 1 0 60 1/2 2 1 3 0 H39 153 CYLJU MDMML 1 0 60 1/2 2 1 3 0 H39 154 CYLU MDMML 1 0 60 1/2 2 1 3 0 H39 155 CYLU MDMML 1 0 60 1/2 2 1 3 0 H39 156 CYLU MDMML 1 0 60 1/2 2 1 3 0 H39 157 CYLU MDMML 1 0 60 1/2 2 1 3 0 H39 158 CYLU MDMML 1 0 60 1/2 2 1 3 0 H8 231 CYLU MDMML 0 0 560 0 0 1 3 0 H8 232 CYLU MDMML 0 0 560 0 0 1 3 0 H4 242 CYLU MDMML 0 0 340 0 0 1 5 0 H4 243 CYLU MDMML 0 0 340 0 0 1 5 0 H4 244 CYLU MDMML 0 0 340 0 0 1 5 0 H8 259 CYLU MDMML 0 0 560 0 0 1 3 0 H2 260 CYLU MDMML 0 0 210 0 0 1 4 0 H2 261 CYLU MDMML 0 0 210 0 0 1 4 0 H8 399 CYLU MDMML 0 0 560 0 0 1 3 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to l3CRLs Number of Samples # of Rank

No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue
Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits
2 400 CYLU MDMML 0 0 210 0 0 1 4 0 H
2 401 CYLU MDMML 0 0 M 0 0 1 4 0 H
2 402 CYLU MDMML 0 0 210 0 0 1 4 0 H
2 403 CYLU MDMML 0 0 210 0 0 1 4 0 H
2 404 CYLU MDMML 0 0 210 0 0 1 4 0 H

35 405 CYLU MDMML 0 0 290 0 1 1 4 0 H
35 406 CYLU MDMML 0 0 290 0 1 1 4 0 H
35 407 CYLU MDMML 0 0 290 0 1 1 4 0 H
35 408 CYLU MDMML 0 0 290 0 1 1 4 0 H
35 409 CYLU MDMML 0 0 290 0 1 1 4 0 H
39 410 CYLU MDMML 1 0 60 1/2 2 1 3 0 H
39 411 CYLU MDMML 1 0 60 1/2 2 1 3 0 H
39 412 CYLU MDMML 1 0 60 1/2 2 1 3 0 H
39 413 CYLU MDMML 1 0 60 1/2 2 1 3 0 H
39 414 CYLU MDMML 1 0 60 1/2 2 1 3 0 H
70 130085 SYAU MDMML 34 6 70 46/68 1 1 4 0 H
60 B0086 SVAU MDMML 19 5 20 11/38 1 5 0 2 H

123 B0087 SYAU MDMML 7 3 80 4114 4 1 1 2 H
66 B0088 SYAU MDMML 18 4 70 19/36 0 5 1 2 H
24 B0089 SYAU MDMML 1 0 240 0/2 2 2 2 2 H

157 B0095 SYAU MDMML 0 0 450 0 0 1 5 2 H
143 B0096 SYAU MDMML 0 0 470 0 1 0 5 0 H
26 B0097 SYAU MDMML 2 0 220 0/4 1 2 3 2 F

107 B0098 SYAU MDMML 2 1 105 2/4 3 0 3 2 H
143 B0099 SYAU MDMML 0 0 470 0 1 0 5 2 H
144 130100 SYAU MDMML 0 0 420 0 2 0 4 0 H
42 B0501 SYAU MDMML 34 13 0 62/68 0 2 4 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits

So B0502 SYAU MDMML 17 8 10 25/34 0 1 5 0 H
50 B0503 SYAU MDMML 17 8 10 25/34 0 1 5 0 H
2 128 SYAU MDMML 0 0 210 0 0 1 4 0 H

2 271 SYAU MDMML 1 0 210 0/2 0 1 4 0 H
64 274 SYAU MDMML 8 3 120 2/16 6 0 0 0 H
64 277 SYAU MDMML 8 3 120 2/16 6 0 0 0 H
64 288 SYAU MDMML 8 3 120 2/16 6 0 0 0 H
64 291 SYAU MDMML 8 3 120 2/16 6 0 0 0 H
64 294 SYAU MDMML 8 3 120 2/16 6 0 0 0 H
64 297 SYAU MDMML 8 3 120 2116 6 0 0 0 H
64 300 SYAU MDMML 8 3 120 2/16 6 0 0 0 H

2 303 SYAU MDMML 1 0 210 0/2 0 1 4 0 H
140 B1306 CHVO SHBRD 9 8 40 14/18 1 2 3 2 H
140 B1307 CHVO SHBRD 9 8 40 14/18 1 2 3 2 H
155 B1309 CHVO SHBRD 0 0 530 0 1 0 5 2 H
156 B1310 CHVO SHBRD 0 0 490 0 1 0 5 2 H
156 B1317 CHVO SHBRD 0 0 490 0 1 0 5 2 H
25 B1327 POGR SMBRD 0 0 280 0 1 2 3 2 H

126 B1344 POGR SMBRD 0 0 220 0 1 2 3 2 H
51 B1357 POGR SMBRD 2 1 60 2/4 1 5 0 2 H
52 B1358 POGR SMBRD 5 1 60 7/10 0 4 2 0 H

153 B1411 PUGR SMBRD 0 0 340 0 2 0 4 0 H
97 B0719 STNE SMBRD 22 4 160 28/44 1 2 3 2 C
97 B0720 STNE SMBRD 22 4 160 28/44 1 2 3 2 C
97 B0721 STNE SMBRD 22 4 160 28/44 1 2 3 2 C
30 B0736 STNE SMBRD 6 3 110 3/12 3 3 0 2 13
30 B0742 STNE SMBRD 6 3 110 3/12 3 3 0 2 B

10



TABLE 2. RESULTS OF SCREENING AND WEIGHTI NG PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within FIR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits

19 B1382 STNE SMBRD 2 0 280 0/4 3 2 1 2 F
19 B1383 STNE SMBRD 2 0 280 0/4 3 2 1 2 F
148 B1388 STNE SMBRD 17 7 45 26/34 0 3 3 2 C
150 B1408 STNE SMBRD 1 1 80 2/2 0 2 4 0 H
17 B1409 STNE SMBRD 6 2 100 10/12 1 0 5 2 H
147 B0637 ZEMA SMBRD 28 2 130 38/56 0 3 3 0 H

152 B0638 ZEMA SMBRD 23 17 80 32/46 2 0 4 0 H
151 B0639 ZEMA SMBRD 25 13 20 38/50 1 0 5 0 H
102 B0640 ZEMA SMBRD 25 8 50 44/50 0 0 6 2 F

27 B0641 ZEMA SMBRD 47 9 20 31/94 2 2 2 2 H
16 80648 ZEMA SMBRD 48 23 30 33/46 0 0 6 2 C
16 B0649 ZEMA SMBRD 48 23 30 33/46 0 0 6 2 C
72 B0650 ZEMA SMBRD 103 36 40 52/72 1 3 2 0 H
74 B0651 ZEMA SMBRD 132 35 70 43/70 4 1 1 2 H
104 B0652 ZEMA SMBRD 15 3 180 20/36 1 0 5 2 C
74 B0653 ZEMA SMBRD 132 35 70 43/70 4 1 1 2 H

122 B0654 ZEMA SMBRD 35 8 40 27/70 3 2 1 2 H

137 B0730 ZEMA SMBRD 5 1 330 9/10 1 0 5 2 G
17 B0735 ZEMA SMBRD 12 7 100 10/24 1 0 5 2 A
17 B0738 ZEMA SMBRD 12 7 '100 10/24 1 0 5 2 A
135 B0739 ZEMA SMBRD 15 5 225 27/30 0 1 5 0 H

17 B0740 ZEMA SMBRD 12 7 100 10/24 1 0 5 2 A
17 B0743 ZEMA SMBRD 12 7 100 10/24 1 0 5 2 A
61 B0768 ZEMA SMBRD 68 24 70 57/136 1 4 1 2 H

61 B0769 ZEMA SMBRD 68 24 70 57/136 1 4 1 2 H
61 B0770 ZEMA SMBRD 68 24 70 57/136 1 4 1 0 H
61 B0771 ZEMA SMBRD 68 24 70 57/136 1 4 1 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits wAn Tissue

Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits
122 B0784 ZEMA SMBRD 35 8 40 27/70 3 2 1 2 H
76 B0785 ZEMA SMBRD 79 37 50 41/74 2 0 4 0 H
76 B0786 ZEMA SMBRD 79 37 so 41/74 2 0 4 2 H

122 B0787 ZEMA SMBRD 35 8 40 27170 3 2 1 2 A
75 B0916 ZEMA SMBRD 107 37 40 43/74 1 3 2 2 C
17 B0917 ZEMA SMBRD 12 7 100 10/24 1 0 5 2 A
17 B0918 ZEMA SMBRD 12 7 100 10/24 1 0 5 0 H
75 B0919 ZEMA SMBRD 107 37 40 43174 1 3 2 2 H
75 B0920 ZEMA SMBRD 107 37 40 43/74 1 3 2 0 H
61 B0921 ZEMA SMBRD 68 24 70 57/136 1 4 1 2 H

61 60922 ZEMA SMBRD 68 24 70 57/136 1 4 1 0 H
124 B0940 ZEMA SMBRD 15 9 ISO 14/30 4 1 1 2 H
124 B0941 ZEMA SMBRD 15 9 ISO 14/30 4 1 1 0 H

91 131005 ZEMA SMBRD 85 25 50 44/100 0 2 4 0 H

74 B1006 ZEMA SMBRD 132 35 70 43170 4 1 1 2 H
92 B1007 ZEMA SMBRD 85 25 80 44/50 0 2 4 2 H
27 B1384 ZEMA SMBRD 47 9 20 31/94 2 2 2 2 H

74 B1396 ZEMA SMBRD 132 35 70 43f7O 4 1 1 2 H
77 B1397 ZEMA SMBRD 23 14 70 31/46 2 1 3 0 H

146 BUO6 ZEMA SMBRD 14 1 490 19/28 2 0 4 0 H
145 B1407 ZEMA SMBRD 5 0 450 8/10 2 0 4 0 H
149 B1410 ZEMA SMBRD 12 2 420 19/24 0 3 3 2 C
74 B1416 ZEMA SMBRD 132 35 70 43f7O 4 1 1 2 H
90 B1417 ZEMA SMBRD 85 25 35 44/50 0 1 5 0 H

118 B1418 ZEMA SMBRD 70 10 240 10/20 2 1 3 2 H
118 B1419 ZEMA SMBRD 70 10 240 10/20 2 1 3 2 H

154 B1420 ZEMA SMBRD 9 2 160 14/18 1 0 5 2 D

12



TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits
125 B1443 ZEMA SMBRD 18 2 160 23/36 2 1 3 2 C

21 B1444 ZEMA SMBRD 23 7 160 14/46 1 4 1 2 H
21 B1445 ZEMA SMBRD 23 7 160 14146 1 4 1 2 H
21 B1446 ZEMA SMBRD 23 7 160 14/46 1 4 1 2 H
21 B1447 ZEMA SMBRD 23 7 160 14/46 1 4 1 2 H

122 B1448 ZEMA SMBRD 35 8 40 27/70 3 2 1 0 H
159 B1489 ZEMA SMBRD 15 2 320 28/30 1 0 5 0 H
62 B1497 ZEMA SMBRD 69 11 180 75/138 3 1 2 2 C
71 B1501 ZEMA SMBRD 200 59 50 50/118 0 2 4 2 H

121 B1502 ZEMA SMBRD 41 8 140 30/82 2 1 3 2 H
log 131563 ZEMA SMBRD 9 3 210 7/18 3 0 3 2 B

71 131505 ZEMA SMBRD 200 59 50 50/118 0 2 4 2 H
127 B1506 ZEMA SMBRD 0 0 225 0 3 0 3 0 H

61 B1507 ZEMA SMBRD 68 24 70 57/136 1 4 1 2 H
71 B1508 ZEMA SMBRD 200 59 50 50/118 0 2 4 2 A
38 131509 ZEMA SMBRD 9 3 10 16/18 0 0 6 0 H
93 B1510 ZEMA SMBRD 5 0 550 0/10 0 0 6 0 H
33 B1511 ZEMA SMBRD 9 0 450 17/18 0 1 5 0 H

158 B1516 ZEMA SMBRD 8 1 270 14/16 1 0 5 0 H
I B0013 PEMA SMMML 0 0 820 0 0 1 2 2 H
3 B0015 PEMA SMMML 0 0 560 0 0 0 3 0 H

127 B0018 PEMA SMMML 0 0 225 0 3 0 3 2 H
122 B0037 PEMA SMMML 1 1 40 0/2 3 2 1 2 H
78 B0041 PEMA SMMML 0 0 140 0 3 0 3 2 H

142 B0042 PEMA SMMML 2 0 80 2/4 3 0 3 2 H
119 B0047 PEMA SMMML 1 0 70 1/2 2 1 3 0 H

29 B0052 PEMA SMMML 0 0 190 0 5 1 0 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
97 B0056 PEMA SMMML 0 0 160 0 1 2 3 2 H
27 B0057 PEMA SMMML 1 1 20 2/2 2 2 2 2 F
74 B0059 PEMA SMMML 2 0 70 2/4 4 1 1 2 H
61 B0060 PEMA SMMML 3 0 70 4/6 1 4 1 2 H
51 B0061 PEMA SMMML 1 0 60 1/2 1 5 0 2 H
79 B0063 PEMA SMMML 0 0 380 0 2 0 4 2 H
71 B0064 PEMA SMMML 3 0 50 6/6 0 2 4 2 H

148 B0066 PEMA SMMML 2 1 45 1/4 0 3 3 2 F
53 B0070 PEMA SMMML 0 0 110 0 0 0 6 2 H
77 BOP71 PEMA SMMML 1 0 70 0/2 2 1 3 2 H
17 B0681 PEMA SMMML 1 0 100 2/2 1 0 5 2 H
5 B0082 PEMA SMMML 0 0 240 0 0 1 5 0 H

109 B0083 PEMA SMMML 0 0 210 0 3 0 3 2 H
131 B0084 PEMA SMMML 0 0 750 0 0 0 1 0 H
128 B0094 PEMA SMMML 0 0 160 0 2 1 3 0 H
134 B0479 PEMA SMMML 0 0 440 0 0 0 1 0 H
127 B0528 PEMA SMMML 0 0 225 0 3 0 3 2 H
122 B0529 PEMA SMMML 1 1 40 0/2 3 2 1 2 H
141 B0541 PEMA SMMML 1 0 90 0/2 4 0 2 0 H
77 B0542 PEMA SMMML 0 0 70 0 2 1 3 2 H

119 B0545 PEMA SMMML 1 0 70 1/2 2 1 3 2 H
104 B0546 PEMA SMMML 0 0 180 0 1 0 5 2 H

3 B0547 PEMA SMMML 0 0 560 0 0 0 3 0 H
97 B0548 PEMA SMMML 0 0 160 0 1 2 3 2 H
5 B0549 PEMA SMMML 0 0 240 0 0 1 5 0 H

74 B0551 PEMA SMMML 2 0 70 2/4 4 1 1 2 H
117 B0556 PEMA SMMML 1 0 80 1/2 2 2 2 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits wAn Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
128 B0557 PEMA SMMML 0 0 160 0 2 1 3 0 H
75 B0558 PEMA SMMML 3 1 40 216 1 3 2 2 F

109 B0559 PEMA SMMML 0 0 210 0 3 0 3 2 H
134 B0562 PEMA SMMML 0 0 440 0 0 0 1 0 H

31 B0565 PEMA SMMML 0 0 220 0 2 2 2 2 H
27 B0566 PEMA SMMML 1 1 20 2/2 2 2 2 2 F
79 B0567 PEMA SMMML 0 0 380 0 2 0 4 2 H
29 B0568 PEMA SMMML 0 0 190 0 5 1 0 2 H

133 B0569 PEMA SMMML 0 0 990 0 0 0 1 0 H
61 B0578 PEMA SMMML 3 0 70 4/6 1 4 1 2 H
71 130ý81 PEMA SMMML 3 0 so 6/6 0 2 4 2 H
65 B0587 PEMA SMMML 2 1 30 3/4 1 4 1 0 H

130 B0589 PEMA SMMML 0 0 740 0 0 0 4 0 H
51 B0590 PEMA SMMML 1 0 60 1/2 1 5 0 2 H
16 B0604 PEMA SMMML 5 2 30 6/10 0 0 6 2 D
15 B0605 PEMA SMMML 3 1 40 1/6 2 1 3 0 H
34 B0609 PEMA SMMML 0 0 340 0 0 1 5 0 H
37 B0611 PEMA SMMML 0 0 450 0 0 0 6 0 H
36 B0615 PEMA SMMML 0 0 350 0 4 0 2 0 H

148 B0616 PEMA SMMML 2 1 45 1/4 0 3 3 2 F
29 B1215 PEMA SMMML 0 0 190 0 5 1 0 2 H

3 B1216 PEMA SMMML 0 0 560 0 0 0 3 0 H
17 B1217 PEMA SMMML 1 0 100 2/2 1 0 5 2 H

109 B1218 PEMA SMMML 0 0 210 0 3 0 3 2 H
27 B1219 PEMA SMMML 1 1 20 2/2 2 2 2 2 F

5 B1220 PEMA SMMML 0 0 240 0 0 1 5 0 H
74 B1221 PEMA SMMML 2 0 70 2/4 4 1 1 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits
75 B1222 PEMA SMMML 3 1 40 2/6 1 3 2 2 F

119 B1223 PEMA SMMML 1 0 70 1/2 2 1 3 2 F
127 B1224 PEMA SMMML 0 0 225 0 3 0 3 2 H
97 B1225 PEMA SMMML 0 0 160 0 1 2 3 2 H

122 B1226 PEMA SMMML 1 1 40 0/2 3 2 1 2 C
141 B1227 PEMA SMMML 1 0 90 0/2 4 0 2 2 H
117 B1228 PEMA SMMML 1 0 80 1/2 2 2 2 2 H
77 B1229 PEMA SMMML 1 0 70 0/2 2 1 3 2 H
79 B1230 PEMA SMMML 0 0 380 0 2 0 4 2 H

134 B1231 PEMA SMMML 0 0 440 0 0 0 1 2 H
104 B12JS PEMA SMMML 0 0 180 0 1 0 5 2 H
136 B1240 PEMA SMMML 0 0 180 0 1 0 5 2 H
30 B1245 PEMA SMMML 0 0 110 0 3 3 0 2 G16 B1253 PEMA SMMML 5 2 30 6/10 0 0 6 0 H
15 B1254 PEMA SMMML 3 1 40 1/6 2 1 3 2 F
37 B1289 PEMA SMMML 0 0 450 0 0 0 6 0 H
51 B1292 PEMA SMMML 1 0 60 1/2 1 5 0 2 H
36 B1293 PEMA SMMML 0 0 350 0 4 0 2 0 H
34 B1294 PEMA SMMML 0 0 340 0 0 1 5 2 H

133 B1295 PEMA SMMML 0 0 990 0 0 0 1 0 H
61 B1297 PEMA SMMML 3 0 70 4/6 1 4 1 2 F
71 B1298 PEMA SMMML 3 0 50 6/6 0 2 4 2 H

130 B1299 PEMA SMMML 0 0 740 0 0 0 4 0 H
148 B1300 PEMA SMMML 2 1 45 1/4 0 3 3 2 F
53 B1303 PEMA SMMML 0 0 110 0 0 0 6 2 H
65 B1328 PEMA SMMML 2 1 30 3/4 1 4 1 2 F
65 B0478 SPTR SMMML 2 1 30 3/4 1 4 1 2 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits
31 B0480 SPTR SMMML 0 0 220 0 2 2 2 2 H
58 B0497 SPTR SMMML 2 1 0 2/4 0 5 1 2 F

132 B0019 BRTE TRPLT 0 0 870 0 0 0 1 0 H
133 B0020 BRTE TRPLT 0 0 990 0 0 0 1 0 H

I B0021 BRTE TRPLT 0 0 820 0 0 1 2 0 H
3 B0022 BRTE TRPLT 0 0 560 0 0 0 3 0 H
6 B0023 BRTE TRPLT 0 0 510 0 0 1 5 0 H

148 B0024 BRTE TRPLT 0 0 45 0 0 3 3 0 H
141 B0026 BRTE TRPLT 0 0 90 0 4 0 2 0 H
119 B0027 BRTE TRPLT 0 0 70 0 2 1 3 1 H
75 B0628 BRTE TRPLT 0 0 40 0 1 3 2 1 G

122 B0029 BRTE TRPLT 0 0 40 0 3 2 1 2 F
127 B0030 BRTE TRPLT 0 0 225 0 3 0 3 1 H
67 B0031 BRTE TRPLT 0 0 45 0 0 5 1 0 H
61 B0032 BRTE TRPLT 0 0 70 0 1 4 1 1 H
51 B0033 BRTE TRPLT 0 0 60 0 1 5 0 1 G
29 B0036 BRTE TRPLT 0 0 190 0 5 1 0 0 H

5 B0104 BRTE TRPLT 0 0 240 0 0 1 5 0 H
130 130105 BRTE TRPLT 0 0 740 0 0 0 4 0 H
134 B0106 BRTE TRPLT 0 0 440 0 0 0 1 0 H

17 B0107 BRTE TRPLT 0 0 100 0 1 0 5 2 H
128 B0109 BRTE TRPLT 0 0 160 0 2 1 3 0 H
128 B0269 BRTE TRPLT 0 0 160 0 2 1 3 0 H
148 B0391 BRTE TRPLT 0 0 45 0 0 3 3 0 H

3 B0570 BRTE TRPLT 0 0 560 0 0 0 3 0 H
5 B0571 BRTE TRPLT 0 0 240 0 0 1 5 0 H

130 B0572 BRTE TRPLT 0 0 740 0 0 0 4 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
133 B0573 BRTE TRPLT 0 0 990 0 0 0 1 0 H
134 B0574 BRTE TRPLT 0 0 440 0 0 0 1 0 H
79 B0575 BRTE TRPLT 0 0 380 0 2 0 4 0 H
77 B0576 BRT E TRPLT 0 0 70 0 2 1 3 1 H

141 B0577 BRTE TRPLT 0 0 90 0 4 0 2 1 G
128 B0592 BRTE TRPLT 0 0 160 0 2 1 3 0 H
119 B0593 BRTE TRPLT 0 0 70 0 2 1 3 1 H
117 B0594 BRTE TRPLT 0 0 80 0 2 2 2 0 H
75 B0595 BRTE TRPLT 0 0 40 0 1 3 2 1 H

104 B0596 BRTE TRPLT 0 0 180 0 1 0 5 0 H
109 1305ý7 BRTE TRPLT 0 0 210 0 3 0 3 1 H
127 B0598 BRTE TRPLT 0 0 225 0 3 0 3 1 H

71 B0621 BRTE TRPLT 0 0 50 0 0 2 4 1 H
65 B0622 BRTE TRPLT 0 0 30 0 1 4 1 1 H
51 B0623 BRTE TRPLT 0 0 60 0 1 5 0 0 H
61 B0624 BRTE TRPLT 0 0 70 0 1 4 1 1 H
97 B0626 BRTE TRPLT 0 0 160 0 1 2 3 1 H
31 B0627 BRTE TRPLT 0 0 220 0 2 2 2 0 H
17 B0628 BRTE TRPLT 0 0 100 0 1 0 5 0 H
27 B0629 BRTE TRPLT 0 0 20 0 2 2 2 0 H
29 B0630 BRTE TRPLT 0 0 190 0 5 1 0 1 H
I B0631 BRTE TRPLT 0 0 820 0 0 1 2 0 H

34 B0632 BRTE TRPLT 0 0 340 0 0 1 5 0 H
36 B0633 BRTE TRPLT 0 0 350 0 4 0 2 0 H
37 B0634 BRTE TRPLT 0 0 450 0 0 0 6 0 H
15 B0635 BRTE TRPLT 0 0 40 0 2 1 3 1 H
16 B0636 BRTE TRPLT 0 0 30 0 0 0 6 0 H



TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (11) circle Search Radius: Hits

2 hits I hit 0 hits
119 B1232 BRTE TRPLT 0 0 70 0 2 1 3 1 H
36 B1255 BRTE TRPLT 0 0 350 0 4 0 2 0 H

134 B1256 BRTE TRPLT 0 0 440 0 0 0 1 0 H
133 B1257 BRTE TRPLT 0 0 990 0 0 0 1 0 H

5 B1258 BRTE TRPLT 0 0 240 0 0 1 5 0 H
34 B1259 BRTE TRPLT 0 0 340 0 0 1 5 0 H
15 B1260 BRTE TRPLT 0 0 40 0 2 1 3 0 H

130 B1261 BRTE TRPLT 0 0 740 0 0 0 4 0 H
3 B1262 BRTE TRPLT 0 0 560 0 0 0 3 0 H

37 B1263 BRTE TRPLT 0 0 450 0 0 0 6 0 H
16 1312iA BRTE TRPLT 0 0 30 0 0 0 6 0 H

117 B1265 BRTE TRPLT 0 0 80 0 2 2 2 0 H
75 B1266 BRTE TRPLT 0 0 40 0 1 3 2 0 H

148 B1268 BRTE TRPLT 0 0 45 0 0 3 3 0 H
141 B1270 BRTE TRPLT 0 0 90 0 4 0 2 0 H
77 B1271 BRTE TRPLT 0 0 70 0 2 1 3 0 H
79 B1272 BRTE TRPLT 0 0 380 0 2 0 4 0 H
61 B1273 BRTE TRPLT 0 0 70 0 1 4 1 1 H
71 B1274 BRTE TRPLT 0 0 50 0 0 2 4 1 H
65 B1275 BRTE TRPLT 0 0 30 0 1 4 1 0 H
51 B1276 BRTE TRPLT 0 0 60 0 1 5 0 0 H

104 B1278 BRTE TRPLT 0 0 180 0 1 0 5 0 H
127 B1279 BRTE TRPLT 0 0 225 0 3 0 3 1 H

17 B1280 BRTE TRPLT 0 0 100 0 1 0 5 0 H
109 B1281 BRTE TRPLT 0 0 210 0 3 0 3 0 H
27 B1282 BRTE TRPLT 0 0 20 0 2 2 2 1 H
30 B1283 BRTE TRPLT 0 0 110 0 3 3 0 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank

No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits 1 hit 0 hits

97 B1284 BRTE TRPLT 0 0 160 0 1 2 3 1 H

29 B1285 BRTE TRPLT 0 0 190 0 5 1 0 1 H

122 B1286 BRTE TRPLT 0 0 40 0 3 2 1 1 G

56 484 COAR TRPLT 0 0 170 0 1 0 5 0 H

56 485 COAR TRPLT 0 0 170 0 1 0 5 0 H

56 486 COAR TRPLT 0 0 170 0 1 0 5 0 H

55 498 COAR TRPLT 0 0 40 0 1 0 5 0 H

61 130199 HEAN TRPLT 0 0 70 0 1 4 1 1 H

51 B0200 HEAN TRPLT 0 0 60 0 1 5 0 0 H

71 BOZ01 HEAN TRPLT 0 0 50 0 0 2 4 1 H

17 B0262 HEAN TRPLT 0 0 100 0 1 0 5 2 H

31 B0203 HEAN TRPLT 0 0 220 0 2 2 2 1 H

97 B0204 HEAN TRPLT 0 0 160 0 1 2 3 1 H

109 B0205 HEAN TRPLT 0 0 210 0 3 0 3 1 H

122 B0206 HEAN TRPLT 0 0 40 0 3 2 1 1 G

74 B0207 HEAN TRPLT 0 0 70 0 4 1 1 1 G

119 B0208 HEAN TRPLT 0 0 70 0 2 1 3 1 H

128 B0224 HEAN TRPLT 0 0 160 0 2 1 3 0 H

77 B0225 HEAN TRPLT 0 0 70 0 2 1 3 0 H

79 B0226 HEAN TRPLT 0 0 380 0 2 0 4 0 H

6 B0227 HEAN TRPLT 0 0 510 0 0 1 5 0 H

130 B0228 HEAN TRPLT 0 0 740 0 0 0 4 0 H

U2 B0229 HEAN TRPLT 0 0 870 0 0 0 1 0 H

133 B0230 HEAN TRPLT 0 0 990 0 0 0 1 0 H

134 B0231 HEAN TRPLT 0 0 440 0 0 0 1 0 H

36 B0712 HEAN TRPLT 0 0 350 0 4 0 2 0 H

37 B0713 HEAN TRPLT 0 0 450 0 0 0 6 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
141 130800 HEAN TRPLT 0 0 90 0 4 0 2 0 H
29 B0801 HEAN TRPLT 0 0 190 0 5 1 0 1 H
17 B0802 HEAN TRPLT 0 0 100 0 1 0 5 0 H
71 B0803 HEAN TRPLT 0 0 so 0 0 2 4 1 H
65 B0805 HEAN TRPLT 0 0 30 0 1 4 1 0 H
51 B0807 HEAN TRPLT 0 0 60 0 1 5 0 0 H
74 B0812 HEAN TRPLT 0 0 70 0 4 1 1 1 G
75 B0813 HEAN TRPLT 0 0 40 0 1 3 2 1 H

117 B0814 HEAN TRPLT 0 0 80 0 2 2 2 1 H
119 1308,16 HEAN TRPLT 0 0 70 0 2 1 3 1 H
104 1308ý1 HEAN TRPLT 0 0 180 0 1 0 5 0 H
127 B0822 HEAN TRPLT 0 0 225 0 3 0 3 0 H
27 B0823 HEAN TRPLT 0 0 20 0 2 2 2 0 H
61 B0824 HEAN TRPLT 0 0 70 0 1 4 1 0 H

109 B0825 HEAN TRPLT 0 0 210 0 3 0 3 0 H
122 B0826 HEAN TRPLT 0 0 40 0 3 2 1 0 H
132 B0827 HEAN TRPLT 0 0 870 0 0 0 1 0 H

31 B0828 HEAN TRPLT 0 0 220 0 2 2 2 0 H
3 B0829 HEAN TRPLT 0 0 560 0 0 0 3 0 H

134 B0830 HEAN TRPLT 0 0 440 0 0 0 1 0 H
5 B0927 HEAN TRPLT 0 0 240 0 0 1 5 0 H

97 B0928 HEAN TRPLT 0 0 160 0 1 2 3 0 H
128 B0929 HEAN TRPLT 0 0 160 0 2 1 3 0 H
148 B0930 HEAN TRPLT 0 0 45 0 0 3 3 0 H
133 B0931 HEAN TRPLT 0 0 990 0 0 0 1 0 H
79 B0932 HEAN TRPLT 0 0 380 0 2 0 4 0 H

104 B1450 HEAN TRPLT 0 0 180 0 1 0 5 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (It) circle Search Radius: Hits

2 hits I hit 0 hits
127 B1451 HEAN TRPLT 0 0 225 0 3 0 3 1 H
74 B1452 HEAN TRPLT 0 0 70 0 4 1 1 1 G117 B1453 HEAN TRPLT 0 0 80 0 2 2 2 0 H
75 B1454 HEAN TRPLT 0 0 40 0 1 3 2 0 H

122 B1455 HEAN TRPLT 0 0 40 0 3 2 1 0 H
119 B1456 HEAN TRPLT 0 0 70 0 2 1 3 1 H
109 B1457 HEAN TRPLT 0 0 210 0 3 0 3 0 H
30 B1464 HEAN TRPLT 0 0 110 0 3 3 0 0 H
97 B1465 HEAN TRPLT 0 0 160 0 1 2 3 0 H
17 B1466 HEAN TRPLT 0 0 100 0 1 0 5 0 H
27 B1467 HEAN TRPLT 0 0 20 0 2 2 2 0 H
29 B1468 HEAN TRPLT 0 0 190 0 5 1 0 0 H
51 B1469 HEAN TRPLT 0 0 60 0 1 5 0 0 H
53 B1470 HEAN TRPLT 0 0 110 0 0 0 6 0 H71 B1471 HEAN TRPLT 0 0 50 0 0 2 4 2 H
61 B1472 HEAN TRPLT 0 0 70 0 1 4 1 1 H
65 B1473 HEAN TRPLT 0 0 30 0 1 4 1 0 H
3 B1474 HEAN TRPLT 0 0 560 0 0 0 3 0 H
5 B1475 HEAN TRPLT 0 0 240 0 0 1 5 0 H

134 B1476 HEAN TRPLT 0 0 440 0 0 0 1 0 H
132 B1477 HEAN TRPLT 0 0 870 0 0 0 1 0 H
133 B1478 HEAN TRPLT 0 0 990 0 0 0 1 0 H
79 B1480 HEAN TRPLT 0 0 380 0 2 0 4 0 H

141 B1482 HEAN TRPLT 0 0 90 0 4 0 2 0 H
128 B1483 HEAN TRPLT 0 0 160 0 2 1 3 0 H37 B1486 HEAN TRPLT 0 0 450 0 0 0 6 0 H

16 B1487 HEAN TRPLT 0 0 30 0 0 0 6 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
15 B1488 HEAN TRPLT 0 0 40 0 2 1 3 0 H
63 415 HEAN TRPLT 0 0 80 0 4 0 2 0 H
63 416 HEAN TRPLT 0 0 80 0 4 0 2 0 H
63 417 HEAN TRPLT 0 0 80 0 4 0 2 0 H
63 420 HEAN TRPLT 0 0 80 0 4 0 2 0 H
63 496 HEAN TRPLT 0 0 80 0 4 0 2 0 H

7 503 HEAN TRPLT 0 0 460 0 0 1 5 0 H
7 504 HEAN TRPLT 0 0 460 0 0 1 5 0 H

23 505 HEAN TRPLT 0 0 180 0 2 2 2 0 H
23 506 HEAN TRPLT 0 0 180 0 2 2 2 0 H
63 576 HEAN TRPLT 0 0 80 0 4 0 2 0 H
63 577 HEAN TRPLT 0 0 80 0 4 0 2 0 H
63 578 HEAN TRPLT 0 0 80 0 4 0 2 0 H
63 579 HEAN TRPLT 0 0 80 0 4 0 2 0 H

127 B0122 KOIR' TRPLT 0 0 2 25 0 3 0 3 1 H
109 B0124 KOIR TRPLT 0 0 210 0 3 0 3 0 H
77 B0130 KOIR TRPLT 0 0 70 0 2 1 3 0 H
79 B0132 KOIR TRPLT 0 0 380 0 2 0 4 0 H

148 B0133 KOIR TRPLT 0 0 45 0 0 3 3 0 H
130 B0135 KOIR TRPLT 0 0 740 0 0 0 4 0 H
134 B0137 KOIR TRPLT 0 0 440 0 0 0 1 0 H

I B0138 KOIR TRPLT 0 0 820 0 0 1 2 0 H
3 B0139 KOIR TRPLT 0 0 560 0 0 0 3 0 H
5 B0140 KOIR TRPLT 0 0 240 0 0 1 5 0 H

51 B0149 KOIR TRPLT 0 0 60 0 1 5 0 0 H
53 B0151 K01P TRPLT 0 0 110 0 0 0 6 0 H
97 B0153 KOIR TRPLT 0 0 160 0 1 2 3 0 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits wrin Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
17 B0156 KOIR TRPLT 0 0 100 0 1 0 5 1 H
29 B0158 KOIR TRPLT 0 0 190 0 5 1 0 0 H
17 B0695 KOIR TRPLT 0 0 100 0 1 0 5 0 H
65 B0696 KOIR TRPLT 0 0 30 0 1 4 1 1 H
51 B0697 KOIR TRPLT 0 0 60 0 1 5 0 1 G
53 B0698 KOIR TRPLT 0 0 110 0 0 0 6 0 H

148 B0701 KOIR TRPLT 0 0 45 0 0 3 3 0 H
79 B0702 KOIR TRPLT 0 0 380 0 2 0 4 0 H

141 B0703 KOIR TRPLT 0 0 90 0 4 0 2 0 H
134 1307P5 KOIR TRPLT 0 0 440 0 0 0 1 0 H
130 B0706 KOIR TRPLT 0 0 740 0 0 0 4 0 H
77 B0710 KOIR TRPLT 0 0 70 0 2 1 3 0 H
34 B0711 KOIR TRPLT 0 0 340 0 0 1 5 0 H
1 B0747 KOIR TRPLT 0 0 820 0 0 1 2 0 H
3 B0748 KOIR TRPLT 0 0 560 0 0 0 3 0 H
5 B0749 KOIR TRPLT 0 0 240 0 0 1 5 0 H

77 B0750 KOIR TRPLT 0 0 70 0 2 1 3 0 H
29 B0760 KOIR TRPLT 0 0 190 0 5 1 0 0 H
97 B0761 KOIR TRPLT 0 0 160 0 1 2 3 0 H
31 B0762 KOIR TRPLT 0 0 220 0 2 2 2 0 H

104 B0764 KOIR TRPLT 0 0 180 0 1 0 5 0 H
109 B0765 KOIR TRPLT 0 0 210 0 3 0 3 0 H
130 B0799 KOIR TRPLT 0 0 740 0 0 0 4 0 H

16 B0810 KOIR TRPLT 0 0 30 0 0 0 6 0 H
15 B0811 KOIR TRPLT 0 0 40 0 2 1 3 0 H

148 B1479 KOIR TRPLT 0 0 45 0 0 3 3 0 H
77 B1481 KOIR TRPLT 0 0 70 0 2 1 3 1 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits w/in Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
34 B1484 KOIR TRPLT 0 0 340 0 0 1 5 0 H
37 B1485 KOIR TRPLT 0 0 450 0 0 0 6 0 H
65 B0475 LASE TRPLT 0 0 30 0 1 4 1 0 H
75 B0476 LASE TRPLT 0 0 40 0 1 3 2 1 H

119 B0477 LASE TRPLT 0 0 70 0 2 1 3 1 H
51 B0495 LASE TRPLT 0 0 60 0 1 5 0 0 H
61 B0496 LASE TRPLT 0 0 70 0 1 4 1 1 H
61 B0699 LASE TRPLT 0 0 70 0 1 4 1 0 H

128 B0700 LASE TRPLT 0 0 160 0 2 1 3 0 H
132 B0707 LASE TRPLT 0 0 870 0 0 0 1 0 H
133 B0745 LASE TRPLT 0 0 990 0 0 0 1 0 H
27 B0763 LASE TRPLT 0 0 20 0 2 2 2 0 H

127 B0766 LASE TRPLT 0 0 225 0 3 0 3 1 H
122 B0767 LASE TRPLT 0 0 40 0 3 2 1 1 H
65 B0804 LASE TRPLT 0 0 30 0 1 4 1 0 H
51 B0806 LASE TRPLT 0 0 60 0 1 5 0 1 H

117 B0815 LASE TRPLT 0 0 80 0 2 2 2 0 H
119 B0817 LASE TRPLT 0 0 70 0 2 1 3 1 H
130 B1032 LASE TRPLT 0 0 740 0 0 0 4 0 H

I B0038 OLIG WORMS 0 0 820 0 0 1 2 0 H
119 B0039 OLIG WORMS 0 0 70 0 2 1 3 1 H

3 B0040 OLIG WORMS 0 0 560 0 0 0 3 0 H
142 B0044 OLIG WORMS 0 0 80 0 3 0 3 1 H
97 B0045 OLIG WORMS 0 0 160 0 1 2 3 1 H
30 B0046 OLIG WORMS 0 0 110 0 3 3 0 1 H
29 B0048 OLIG WORMS 0 0 190 0 5 1 0 2 G

127 B0049 OLIG WORMS 0 0 225 0 3 0 3 1 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of Samples # of Rank
No. HRER HRER/2 Nearest Soil within HR Having Hits Win Tissue

Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits
122 B0050 OLIG WORMS 0 0 40 0 3 2 1 1 G
106 B0053 OLIG WORMS 0 0 110 0 3 0 3 1 H
132 B0054 OLIG WORMS 0 0 870 0 0 0 1 0 H
78 B0055 OLIG WORMS 0 0 140 0 3 0 3 1 H
77 B0058 OLIG WORMS 0 0 70 0 2 1 3 1 H
67 B0062 OLIG WORMS 0 0 45 0 1 2 3 1 H

6 B0065 OLIG WORMS 0 0 510 0 0 1 5 0 H
79 B0069 OLIG WORMS 0 0 380 0 2 0 4 0 H
17 B0078 OLIG WORMS 0 0 100 0 1 0 5 2 H
68 B0079 OLIG WORMS 0 0 50 0 1 2 3 1 H

3 130ý25 OLIG WORMS 0 0 560 0 0 0 3 0 H
I B0526 OLIG WORMS 0 0 820 0 0 1 2 0 H

97 B0527 OLIG WORMS 0 0 160 0 1 2 3 1 H
141 B0530 OLIG WORMS 0 0 90 0 4 0 2 1 G
104 B0531 OLIG WORMS 0 0 180 0 1 0 5 0 H

5 B0535 OLIG WORMS 0 0 240 0 0 1 5 0 H
77 B0543 OLIG WORMS 0 0 70 0 2 1 3 1 H
79 B0544 OLIG WORMS 0 0 380 0 2 0 4 1 H

127 B0550 OLIG WORMS 0 0 225 0 3 0 3 1 H
130 B0552 OLIG WORMS 0 0 740 0 0 0 4 0 H
148 B0553 OLIG WORMS 0 0 45 0 0 3 3 0 H
109 B0554 OLIG WORMS 0 0 210 0 3 0 3 1 H
128 B0555 OLIG WORMS 0 0 160 0 2 1 3 1 H
75 B0560 OLIG WORMS 0 0 40 0 1 3 2 1 H

117 B0561 OLIG WORMS 0 0 80 0 2 2 2 2 G
134 B0563 OLIG WORMS 0 0 440 0 0 0 1 0 H
29 B0564 OLIG WORMS 0 0 190 0 5 1 0 1 H
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TABLE . RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec. Group # of Samples Distance to BCRLs Number of Samples # of RankNo. HRER HRER/2 Nearest Soil within HR Having Hits w/in Tissue
Sample (ft) circle Search Radius: Hits

2 hits I hit 0 hits65 B0600 OLIG WORMS 0 0 30 0 1 4 1 1 H17 B0601 OLIG WORMS 0 0 100 0 1 0 5 1 H119 B0602 OLIG WORMS 0 0 70 0 2 1 3 1 H89 B0603 OLIG WORMS o 0 10 0 0 2 4 1 H16 B0606 OLIG WORMS 0 0 30 0 0 0 6 1 H15 B0607 OLIG WORMS 0 0 40 0 2 1 3 1 H37 B0613 OLIG WORMS 0 0 450 0 0 0 6 1 H115 B0614 OLIG WORMS 0 0 160 0 1 1 4 1 H113 B0617 OLIG WORMS 0 0 370 0 1 1 4 0 H112 B0618 OLIG . WORMS 0 0 460 0 1 1 4 0 H34 B0619 OLIG WORMS 0 0 340 0 0 1 5 1 H114 B0620 OLIG WORMS 0 0 120 0 1 1 4 0 H75 B1233 OLIG WORMS 0 0 40 0 1 3 2 1 H65 B1234 OLIG WORMS 0 0 30 0 1 4 1 11 H134 B1236 OLIG WORMS 0 0 440 0 0 0 1 0 H148 B1237 OLIG WORMS 0 0 45 0 0 3 3 1 H77 B1238 OLIG WORMS o 0 70 0 2 1 3 1 H79 B1239 OLIG WORMS 0 0 380 0 2 0 4 1 H141 B1252 OLIG WORMS 0 0 90 0 4 0 2 1 G130 B1277 OLIG WORMS 0 0 740 0 0 0 4 0 H37 B1288 OLIG WORMS 0 0 450 0 0 0 6 0 H34 B1290 OLIG WORMS o 0 340 0 0 1 5 1 H128 B1291 OLIG WORMS 0 0 160 0 2 1 3 1 H5 B1296 OLIG WORMS o 0 240 0 0 1 5 0 H120 B1301 OLIG WORMS 0 0 410 0 1 0 5 0 H127 B1304 OLIG WORMS 0 0 225 0 3 0 3 1 H16 B1305 OLIG WORMS 0 0 30 0 0 0 6 11 H
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TABLE 2. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ALDRIN PLUS DIELDRIN

Loc. ID Spec, Group # of Samples Distance to BCRLs Number of Samples # of Rank

No. HRER HRER/2 Nearest Soil within HR Having Hits w/in Tissue
Sample (ft) circle Search Radius; Hits

2 hills 1 hit 0 hits
lip B1308 OLIG WORMS 0 0 460 0 1 1 4 1 H
113 B1334 OLIG WORMS 0 0 370 0 1 1 4 1 H
73 357 OLIG WORMS 0 0 30 0 0 5 1 0 H

129 358 OLIG WORMS 0 0 450 0 1 0 3 0 H
129 501 OLIG WORMS 0 0 450 0 1 0 3 0 H
129 502 OLIG WORMS 0 0 450 0 1 0 3 0 H
129 543 OLIG WORMS 0 0 450 0 1 0 3 0 H
129 545 OLIG WORMS 0 0 450 0 1 0 3 0 H
129 546 OLIG WORMS 0 0 450 0 1 0 3 0 H
129 .567 OLIG WORMS 0 0 450 0 1 0 3 0 H
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TABLE 3. ASSIGNMENT OF WEIGHTS TO TC/ESC DATA PAIRS

Percentage ofSoil Number of Soil Samples Within HRER
Samples BCRL

>10 4-9 1-3 0 0
nearest soil nearest soil

sample < 100' sample > 100'

Number of tissue 'hits" = 2

<50% A B C F G

50-80% C D F G H

>80% F G H H H

Number of tissue Nhits" = 1

<50% C D F G H

50-80% E F G H H

>80% G H H H H

Note: all samples for which the number of tissue hits 0 are assigned to category H (zero weight)



TABLE 4. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR DDE PLUS DDT

Loc. ID Spec. Group # of Samples Distanceto, l3CRLs Numberol'Samples # of
No. HRER HRER/2 Nearest Soil Within HR With Hits Within Search Tissue

Sample (it) Circle Radius Hits Rank

2 hits 1 hit 0 hits

18 B0798 AMBY HERPS 0 0 410 0 0 2 4 1 H
14 B1449 PIME HERPS 1 0 340 0/2 0 0 2 1 H
74 B0680 ACRI INSCT 0 0 70 0 3 1 2 1 G
31 B0681 ACRI INSCT 0 0 220 0 0 0 6 1 H
37 B0868 ACRI INSCT 0 0 450 0 0 0 0 1 H

128 B0790 COLE INSCT 0 0 160 0 3 0 3 1 H
61 B1668 COLE INSCT 0 0 70 0 0 1 5 1 H
105 B0080 CYLU MDMML 0 0 210 0 2 1 3 1 H
57 B0329 CYLU MDMML 2 1 0 4/4 1 0 5 1 H

104, B0532 CYLU MDMML 0 0 180 0 1 1 4 1 H
140 B1306 CHVO SHBRD 9 8 40 16/18 1 1 4 1 H
140 B1307 CHVO SHBRD 9 8 40 16/18 1 1 4 1 H
155 B1309 CHVO SHBRD 0. 0 530 0 0 1 5 2 H
156 B1310 CHVO SHBRD 0 0 490 0 0 1 5 2 H
156 B1317 CHVO SHBRD 0 0 490 0 0 1 5 2 H

16 B0649 ZEMA SMBRD 48 23 30 71/96 0 1 5 1 E
74 B1006 ZEMA SMBRD 132 37 70 51/74 3 1 2 1 E
127 B0018 PEMA SMMML 0 0 225 0 1 0 5 1 H
74 B0551 PEMA SMMML 2 0 70 3/4 3 1 2 1 C
65 B0587 PEMA SMMML 2 1 30 4/4 0 2 4 1 H
74 B1221 PEMA SMMML 2 0 70 3/4 3 1 2 1 C
127 B1224 PEMA SMMML 0 0 225 0 1 0 5 1 H
71 B1298 PEMA SMMML 3 0 50 6/6 1 0 5 2 H

141 B0577 BRTE TRPLT 0 0 90 0 0 2 4 2 H
15 B0635 BRTE TRPLT 0 0 40 0 0 3 3 1 G

132 B0229 HEAN TRPLT 0 0 870 0 0 0 0 1 H

1



TABLE 4. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR DDE PLUS DDT

Loc. ID Spec. Group # of Samples Distanceto l3CRLs Numberol'Samples # of
No. HRER HRER/2 Nearest Soil Within HR With Hits Within Search Tissue

Sample (it) Circle Radius Hits Rank

2 hits I hit 0 hits

133 B0230 HEAN TRPLT 0 0 990 0 0 0 0 1 H
71 B0803 HEAN TRPLT 0 0 50 0 1 0 5 1 H
29 B0760 KOIR TRPLT 0 0 190 0 1 1 4 1 H
29 B0048 OLIG WORMS 0 0 190 0 1 1 4 1 H

106 B0053 OLIG WORMS 0 0 110 0 2 1 3 1 H
128 B0555 OLIG WORMS 0 0 160 0 3 0 3 2 H
117 130561 OLIG WORMS 0 0 80 0 2 0 4 1 H
134 B0563 OLIG WORMS 0 0 440 0 0 0 0 1 H
65 B0600 OLIG WORMS 0 0 30 0 0 2 4 1 H

li5 B0614 OLIG WORMS 0 0 160 0 1 0 5 2 H
112 B0618 OLIG WORMS 0 0 460 0 1 0 5 1 H
114 B0620 OLIG WORMS 0 0 120 0 1 0 5 2 H
79 B1239 OLIG WORMS 0 0 380 0 0 2 4 1 H

128 131291 OLIG WORMS 0 0 160 0 3 0 3 1 H
120 B1301 OLIG WORMS 0 0 410 0 1 0 5 2 H
112 B1308 OLIG WORMS 0 0 460 0 1 0 5 2 H
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TABLE 5. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ENDRIN

Loc. ID Spec. Group # of Samples Distance to l3CRLs Number of # of Rank
No. HRER HRER/2 Nearest Soil within HR Samples With Tissue

Sample (11) circle Hits Wrin Search Hits
Radius

1 hit 0 hits

18 B0797 AMBY HERPS 0 0 410 0 6 0 1 G

18 B0798 AMBY HERPS 0 0 410 0 6 0 1 G

75 B0683 ACRI INSCT 0 0 50 0 0 6 1 H

71 B0690 ACRI INSCT 0 0 50 0 2 4 1 G

71 B1489 ACRI INSCT 0 0 so 0 2 4 1 G

61 B0791 COLE INSCT 0 0 100 0 3 3 1 G

17 130808 COLE INSCT 0 0 100 0 1 5 1 H

29 B0819 COLE INSCT 0 0 190 0 4 2 1 G

61 B1668 COLE INSCT 0 0 70 0 3 3 1 G

M B1669 COLE INSCT 0 0 60 0 2 4 1 F

59 B0327 CYLU MDMML 0 0 0 0 1 5 1 H

57 B0329 CYLLI MDMML 2 1 0 1/2 3 3 1 F

140 B1306 CHVO SHBRD 12 3 40 6/12 1 5 1 C

156 B1317 CHVO SHBRD 0 0 490 0 0 6 1 H

17 B1409 STNE SMBRD 0 0 100 0 1 5 1 H

102 B0640 ZEMA SMBRD 13 7 50 12/13 0 6 1 F

27 B0641 ZEMA SMBRD 42 8 20 16/42 2 4 1 A

16 B0649 ZEMA SMBRD 41 22 30 37/41 1 5 1 F

74 B0651 ZEMA SMBRD 122 35 70 105/122 2 4 1 F

104 B0652 ZEMA SMBRD 14 3 180 11/14 1 5 1 C

17 B0735 ZEMA SMBRD 12 6 100 5/12 1 5 1 A

17 B0738 ZEMA SMBRD 12 6 100 5/12 1 5 1 A

17 B0743 ZEMA SMBRD 12 6 100 5/12 1 5 1 A

61 B0771 ZEMA SMBRD 70 30 70 34/70 3 3 1 A

17 B0917 ZEMA SMBRD 12 6 100 5/12 1 5 1 A

71 B1508 ZEMA SMBRD 145 52 so I 12/145 2 4 1 C

1



TABLE 5. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR ENDRIN

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of # of Rank
No. HRER HRER/2 Nearest Soil within HR Samples With Tissue

Sample (ft) circle Hits Wrin Search Hits
Radius

1hill 0 hits
71 B1298 PEMA SMMML 3 0 50 3/3 2 4 1 F
17 B0202 HEAN TRPLT 0 0 100 0 1 5 1 H
71 B0803 HEAN TRPLT 0 0 50 0 2 4 1 G
30 B0046 OLIG WORMS 0 0 110 0 4 2 1 G
29 B0048 OLIG WORMS 0 0 190 0 4 2 1 G
127 B0049 OLIG WORMS 0 0 225 0 1 5 1 H
78 B0055 OLIG WORMS 0 0 140 0 2 4 1 H
67 B0062 OLIG WORMS 0 0 45 0 1 6 1 H
17 B0078 OLIG WORMS 0 0 100 0 1 5 1 H
29 B0564 OLIG WORMS 0 0 190 0 4 2 1 G
75 B1233 OLIG WORMS 0 0 40 0 1 5 1 H
65 B1234 OLIG WORMS 0 0 30 0 1 5 1 H
79 B1239 OLIG WORMS 0 0 300 0 2 4 1 H
16 B1305 OLIG WORMS 0 0 30 0 0 6 1 H



TABLE 6. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR MERCURY

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of # of Rank
No. HRER HRER/2 Nearest Soil within HR Samples With Tissue

Sample (111) circle Hits WAn Search Hits
Radius

1 hit 0 hits

18 B0797 AMBY HERPS 0 0 450 0 3 3 1 H
18 B0798 AMBY HERPS 0 0 450 0 3 3 1 H
79 B1459 SCAP HERPS 0 0 340 0 2 4 1 H
42 B0501 M SYAU MDMML 24 8 0 21/24 0 6 1 F

101 B0715 CYLU MDMML 0 0 210 0 0 6 1 H
140 B 1306. CHVO SH13RD 7 6 50 6/7 0 6 1 G
140 B1307 CHVO SH13RD 7 6 50 6/7 0 6 1 G
155 B1309 CHVO SH13RD 0 0 530 0 0 6 1 H
156 B1310 CHVO SH13RD 0 0 490 0 0 6 1 H
156 B1317 CHVO SH13RD 0 0 490 0 0 6 1 H
I B0013 PEMA SMMML 0 0 710 0 0 6 1 H

142 B0042 PEMA SMMML 2 0 80 0/2 2 4 1 F
17 B0586 PEMA SMMML 1 0 90 1/1 0 6 1 H

130 B0589 PEMA SMMML 0 0 730 0 0 4 1 H
16 B0604 PEMA SMMML 4 1 40 0/4 5 1 11 B
71 B1298 PEMA SMMML 4 0 70 1/4 4 2 1 B
I B0038 OLIG WORMS 0 0 710 0 0 2 1 H

142 B0044 OLIG WORMS 0 0 80 0 2 4 1 G
97 B0045 OLIG WORMS 0 0 130 0 2 4 1 H
29 B0048 OLIG WORMS 0 0 90 0 2 4 1 G
106 B0053 OLIG WORMS 0 0 110 0 0 6 1 H
78 B0055 OLIG WORMS 0 0 130 0 1 5 1 H
67 B0062 OLIG WORMS 0 0 35 0 4 2 1 F
68 B0079 OLIG WORMS 0 0 60 0 3 3 1 G
97 B0527 OLIG WORMS 0 0 130 0 2 4 1 H

141 B0530 OLIG WORMS 0 0 90 0 2 4 1 G



TABLE 6. RESULTS OF SCREENING AND WEIGHTING PROCEDURE FOR MERCURY

Loc. ID Spec. Group # of Samples Distance to 13CRLs Number of # of Rank
No. HRER HRER/2 Nearest Soil within HR Samples With Tissue

Sample (ft) circle Hits W/in Search Hits
Radius

1hit 0 hits

104 B0531 OLIG WORMS 0 0 330 0 0 6 1 H
77 B0543 OLIG WORMS 0 0 170 0 3 3 1 H
127 B0550 OLIG WORMS 0 0 225 0 3 3 1 H
130 B0552 OLIG WORMS 0 0 730 0 0 4 1 H
128 B0555 OLIG WORMS 0 0 80 0 1 5 1 H
75 B0560 OLIG WORMS 0 0 40 0 0 6 1 H
29 B0564 OLIG WORMS 0 0 90 0 2 4 1 G
65 B0600 OLIG WORMS 0 0 85 0 3 3 1 G
17 B0601 OLIG WORMS 0 0 90 0 0 6 1 H

119 B0602 OLIG WORMS 0 0 60 0 1 5 1 H
89 B0603 OLIG WORMS 1 0 10 0/1 2 4 1 C
16 B0606 OLIG WORMS 0 0 40 0 5 1 1 F
15 B0607 OLIG WORMS 0 0 40 0 2 4 1 G

115 B0614 OLIG WORMS 0 0 190 0 0 6 1 H
113 B0617 OLIG WORMS 0 0 370 0 0 6 1 H
112 B061 8 OLIG WORMS 0 0 460 0 0 6 1 H
75 B1233 OLIG WORMS 0 0 40 0 0 6 1 H
65 B1234 OLIG WORMS 0 0 35 0 3 3 1 G

148 131237 OLIG WORMS 0 0 40 0 2 4 1 G
79 B1239 OLIG WORMS 0 0 340 0 2 4 1 H

141 B1252 OLIG WORMS 0 0 90 0 2 4 1 G
34 B1290 OLIG WORMS 0 0 160 0 0 6 1 H

128 B1291 OLIG WORMS 0 0 80 0 1 5 1 H
16 B1305 OLIG WORMS 0 0 40 0 5 1 1 F

113 B1334 OLIG WORMS 0 0 370 0 0 6 1 H
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TABLE 7. NUMBERS OF SAMPLES ASSIGNED NON-ZERO WEIGHT USING EPAS PROCEDURE

No. of ALDRIN + DIELDRIN DDE +DDT ENDRIN MERCURY
Group Species Samples high weight low weight high weight low weight high weight low eight] high weight low weight

IHERPS AMBY 2 0 2 0 0 0 2 0 0
PIME 3 0 2 0 0 0 0 0 0
SCAP 2 0 0 0 0 0 0 0 0

INSCT ACRI 81 0 12 0 1 0 2 0 0
COLE 17 0 2 0 0 0 4 0 0

MDMML CYLU 128 0 27 0 0 0 1 0 0
SYAU 28 0 1 0 0 0 0 0 1

SHBRD CHVO 5 0 0 0 0 1 0 0 2
SMBRD POGR 5 0 0 0 '0 0 0 0 0

STNE 10 6 2 0 0 .0 0 0 0
ZEMA 68 Is 3 0 2 8 3 0 0

SMMML PEMA 90 0 14 2 0 .0 1 2 1
SPTR 3 0 1 0 0 0 0 0 0

TRPLT BRTE 84 0 6 0 1 0 0 0 0
COAR 4 0 0 0 0 0 0 0 0
HEAN 89 0 4 0 0 0 1 0 0
KOIR 42 0 1 0 0 0 0 0 0
LASE 17 0 0 0 0 0 0 0 0

WORMS OLIG 74 0 5 0 0 0 3 1 13
All samples 752 21 82 2 4 9 17 3 17



APPENDIX C.6.3

STATE'S POSITION ON THE ESTIMATION OF BMT



State's Position on the Estimation of BW

The State of Colorado has reviewed the three approaches for estimating RMA-specific BMFs and

strongly believes that EPA's method is the most scientifically defensible. It is the only approach

which tests the fundamental hypothesis that the data collected at RMA can be used to relate

measured biota-tissue concentrations to the soil concentrations to which the organisms are

exposed. The other two methods impose an assumed correlation between soil and tissue

concentrations despite the fact that the data show no such correlation. As explained in detail by

the Army and EPA, the data-collection programs for soil and biota were not for the specific

purpose of estimating contaminant uptake and therefore did not address the many factors which

confound this relationship (for example, physiologic differences and specific knowledge about

the organisms' true exposure areas). The second phase of the Supplemental field Program, which

at present has not been designed by the parties, would need to specifically address these

confounding factors to explain and reduce the current lack of correlation between soil and tissue

concentrations.
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