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Ai

EXECUTIVE SUMMARY

This report presents the findings of the Ecological Risk Assessment (ERA) conducted
for the Baxter Springs/Treece (BS/T) Superfund Site, Cherokee County, Kansas. The BS/T
subsites are part of the Picher mining field, which was one of the most productive lead and
zinc mining areas in the United States. The ERA was developed in response to the
Administrative Order of Consent between the EPA and the BS/T subsites Participating Group.
This ERA uses an integrated ecosystems approach to determine: (1) if exposures are likely
to result in a decreased ability of the ecosystem to function, and (2) if existing contamination
of the subsites poses a hazard to key receptor populations and threatened and endangered
(T&E) species and/or their critical habitat. Chemicals of Concern (COCs) for the BS/T

i
subsites include the following heavy metals associated with mine wastes and with base metal
ore deposits mat are characteristic of the Tri-State Mining District: cadmium, cobalt, copper,
iron, lead, manganese, mercury, nickel, silver, and zinc. All of these metals were not COCs
for all media, however.

Environmental receptors were identified by considering the relevant exposure pathways
and the potential or known occurrence of species exposed via those pathways. Key terrestrial
species included upper level carnivores ~ the barred owl, the red-tailed hawk, and the mink.
Key aquatic receptors included benthic invertebrates and fish expected to occur within

i

ephemeral streams of southeast Kansas. T&E species are not included on the list of key
i

receptors, as they are given separate consideration.
iiI

Toxicity Reference Values (TRVs) were calculated for each COC for both aquatic and
terrestrial receptors. A TRV is an exposure estimate that is not likely to result in chronic
adverse effects to a given receptor group. Typically, an ecological risk assessment assumes
that if the TRV is not exceeded, the species of interest will be protected (Suter et al., 1983).
Toxicity quotients (TQs) were then calculated for key receptors. The TQ approach is a
commonly-used method of evaluating the possibility that aquatic and terrestrial populations
onsite could be experiencing toxic effects.
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Field survey data and other information available in the scientific: literature applicable
to the area v/ere used as a comparison for interpreting the predictive (quantitative) results.
TQs results were evaluated using these criteria: (1) TQs less than 1 represent no impact to
exposed individuals, and (2) TQs equal to or greater than 1 indicate that the measured
concentration |exceeds a concentration that may have a chronic effect on some test species
under a given set of experimental conditions. In this sense, TQs greater than 1 are an

I

indication that; chronic adverse impacts to exposed individuals are possible. The goal of the
i

ERA is to evaluate the effects of the COCs on exposed populations. Chronic adverse effects
to some individuals of a species may not result in measurable effects on populations.

i

Accordingly, the procedure used to evaluate potential toxicity of the COCs to populations
inhabiting the subsites is deemed conservative.

i
I

RISKS TO AQUATIC RECEPTORS
i
I

Field data reveal that only marginal, intermittent aquatic habitat is available in on-site
streams. The availability of habitat in the streams is limited naturally and anthropogenically,
primarily through the influence of mining and agriculture. Both subsites exhibit similari
hydrologic characteristics with ephemeral, first- or second-order stream:* with low gradients
channels. During dry periods the streams are essentially reduced to a series of small pools
with little or no flow. Seepage and runoff from mill waste and areas disturbed by mining
contribute cadmium and zinc, and to a lesser degree lead, to the surface water system.

i
Tailings and chat can be eroded and washed into receiving channels were they occur as
streambed sediments. The surrounding agricultural areas are sources of additional sediments,
washed in from tilled and fallow fields. Agricultural areas are thought to be the major source
of iron and lead in subsite streams. Stream habitat has been anthropogenically affected as
a result of short-term augmentation of stream flow by seepage from chat piles and tailings
ponds and channelization (removal of sediments) in upper Tar Creek. Chcinnelization has also
eliminated instieam pool habitat. Some of the tailings ponds offer stable; habitat for fish, as
do temporary impoundments constructed by landowners on Willow Creek. In these stream
segments, habitat has been artificially created. In general, where suitable stream habitat
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exists, a variety of fish species were observed to be both self-sustaining, naturally
reproducing, and in good condition.

Toxicity Reference Values (TRVs) for aquatic receptors were estimated by employing
accepted EPA| (Stephan et al., 1985) methodologies using Genus Mean Acute Values. The
TRVs calculated represent concentrations of COCs at which chronic effects to the aquatic
organisms likely to inhabit subsite systems would not be expected. Toxicity quotients were
then calculated by dividing measured concentrations of COCs in water by respective TRVs
to determine the potential for chronic effects to aquatic organisms. If the TQ based on the

i
arithmetic mean concentration exceeded 1, then it was concluded that adverse effects to
aquatic organisms are possible.

Results of the toxicity assessment, in combination with the field survey data, indicate
that organisms inhabiting the Spring and Neosho Rivers, and Willow Creek are not expected
to experience adverse effects from exposure to site-related metals. Infrequent ground-water
discharge from mine openings in the Bruger area to Willow Creels: contains sufficient
concentrations of metals to potentially cause short-term acutely toxic conditions, especially
with regard to j zinc. TQs for seven of the 10 subsite tailings and subsidence ponds sampled
indicated no potential chronic effects, however, some individual ponds contain levels of
cadmium, iron, lead, and/or zinc above calculated TRVs. These ponds included BP-1
(Ballard Chat Wash), TP-5, and TP-7.

Results of the aquatic toxicity assessment indicate that chronic: impacts to aquatic
organisms resulting from elevated zinc and cadmium concentrations could be occurring in
Spring Branch,1 while chronic impacts resulting from elevated zinc concentrations could be
occurring in Tar Creek. The toxicity assessment results also indicate that the concentration
of zinc in-Tar Creek and Spring Branch could be affecting the species composition in these
two ephemeral
to some of the

streams in that the maximum zinc concentrations exceeded levels acutely toxic
more sensitive species that could inhabit these aquatic systems. While other

factors such as bioavailability of the COCs and acclimation could reduce the toxicity of the
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observed zinc concentrations, field survey results suggest that species composition in these
two streams may be affected by .elevated zinc concentrations.

RISKS TO TERRESTRIAL RECEPTORS

Two exposure scenarios were used to assess risks to terrestrial receptors: the worst-
case and the reasonable maximum exposure (RME) scenario. Potential routes by which
terrestrial receptors could be exposed to mine-related metals include: (1) inhalation of
fugitive dust; and (2) ingestion of soil, mine waste, vegetation, prey, zind/or surface water.
Dose estimates were calculated for key receptor species using the subsite surface water, soil,
and mouse/fish body-burden data collected during the Remedial Investigation. Specific
ecological endpoints (EEs) were identified which characterize the site-specific ecological
system that may be affected by site-related metals and represent the actual environmental
values to be protected. It is important to emphasize that no one ecological endpoint was used
as a single, rigid standard; rather, both results of field surveys and the, toxicity assessment
represent endpoints were used in assessing potential effects due to meteils toxicity.

ii
TQs for terrestrial receptors were initially calculated using worst-case exposure

parameters as a screen for (1) contaminant hot spots, and (2) receptors that don't require
further evaluation. Worst-case exposure is defined in this case as the highest exposure that
is reasonably expected to occur at a site. Since the worst-case scenario' uses a combination
of conservative (health-protective) assumptions and upper-bound (upper 95th percentile) data,
it is expected to overestimate actual exposures. For biota, the worst-case approach implies
that an organism spends its life in near-maximal contact with upper bound concentrations of
all COCs in all media simultaneously. This can be unrealistic from the standpoint that (1)
many receptors do not tend to stay in one area for very long, and (2) the maximum
concentration of COCs in air, water, and soil are not geographically coincident.
Furthermore, the use of single-value estimates, especially worst-case estimates does not
provide adequate information to risk managers who must evaluate ecological risks.
Consequently., a second, more plausible, exposure scenario was also used. For adequate
protection of ecological receptors, knowledge of exposures typically encountered by key
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receptor organisms collectively is of greater value than estimates of upper bound exposures
potentially giffecting a few organisms. The reasonable maximum exposure (RME) scenario
uses arithmetic mean concentrations and less conservative, more site-specific exposure
assumptions to characterize ecological exposures. The RME scenario is more plausible since
receptors do not spend all of their time at one specific location (e.g., at a hot spot or in areas
where maximum or upper-bound concentrations occur). Therefore, the RME scenario was
deemed to beimore representative of expected exposure intensity. The exposure assumptions
and exposure point concentrations used to quantify intakes for each scenario are outlined in
Section 5.

Results show that exposure to cadmium, lead, and zinc are not expected to cause
adverse effects in terrestrial predators, since RME TQs for the red-tail hawk and the barred
owl are less than 1. Results of the toxicity assessment for the mink, however, indicate that
chronic adverse effects from exposure to cadmium, lead, and zinc are possible since the
worst-case and RME scenario TQs are slightly above 1 (RME TQs range from 1 to 3).
These data indicated that terrestrial species who consume fish may experience adverse effects
from exposure to cadmium, lead, and zinc.

A comparison of mean concentrations of metals in near-pile soils to the medianI
concentrations; reported to be phytotoxic indicates that zinc concentrations may be marginally
phytotoxic, i.e., may cause some reduction in crop yield. Agricultural soil mean

I
concentration TQs were all lower than 1, indicating that metal concentrations in agricultural
soils are not phytotoxic. It is noted, however, that the phytotoxic reference data are based
on agronomic plants and effects on the non-agronomic plant species which grow in near-pile
soils are unknown.i

No Federally-listed T&E species are known to occur within the Biixter Springs/Treece
subsites. Nine state-listed T&E species have designated critical habitat: within the subsites
or have critica habitat that could be affected by the migration of site-related metals. TQs
based on the upper-bound concentration of metals in on-site surface water bodies indicate that
T&E exposure (using amphibians as surrogates) to site-related metals is not expected to cause
adverse impacts in exposed individuals.
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1.0 INTRODUCTION

This report presents the findings of the Ecological Risk: Assessment (ERA)
conducted for the Baxter Springs/Treece (BS/T) Superfund Site, Cherokee County, Kansas.
A separate human health risk assessment has been performed and is submitted as a companion
volume.

The U.S. Environmental Protection Agency (EPA), under the authority of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), as amended by the Superfund Amendments and Reauthonzation Act of 1986
(SARA), has designated the Kansas portion of the Tri-State mining district (Kansas, Missouri,

i

and Oklahoma) as the Cherokee County Superfund Site. The Cherokee County Superfund
Site is divided into six subsites, which include the BS/T subsites. This Final Draft ERA was
developed in response to the Administrative Order of Consent, Docket Number VII-90-F-
0010, dated May 8, 1990, between the EPA and the BS/T Subsites Participating Group (The
Group). The Group includes the following participating companies:

« AMAX, Inc.;

0 Gold Fields American Corporation;

» ASARCO, Inc.;

• NL Industries, Inc.;i

• SuniCompany, Inc.;

• Eagle-Picher Industries, Inc.; and

• St. Joe Minerals Corporation.

CERCLA requires that actions selected to remedy hazardous waste be protective of
human health and the environment. In addition, although many Superfund risk assessments

i
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focus on human health effects, there are some situations in which ecological receptors may
be at greater risk (Bascietto et al., 1990). This ERA is an investigation of potential threats
to the environment from exposure to contaminants present at the subsites. It identifies
potential exposure pathways from contaminants to environmental receptors inhabiting the
area, characterizes the lexicological properties of the potential chemicals of concern (COCs),
and quantifies the extent such exposures could contribute to ecological risk.

This ERA was performed using an integrated ecosystems approach in which the field
observations/species survey data were used in combination with toxicity assessments. Used
independently! neither method would likely provide a realistic nor complete risk
characterization. This ERA combines the two methods to balance each other and determine

|
if existing contamination of the subsites poses a hazard to key receptor populations and
threatened and endangered species and/or their critical habitat. Ecological impacts were
assessed using exposure-response data taken from the literature, cited below, in conjunction
with measured environmental concentration data. Both terrestrial and aquatic receptors and
habitats were Jevaluated. Guidance documents used to conduct this ERA include EPA's
Framework for Ecological Risk Assessment (USEPA, 1992), EPA's Ecological Assessment
at Hazardous Waste Sites (USEPA, 1989a), Ecological Assessment of Hazardous Waste Sites:
A Field and Laboratory Reference Document (USEPA, 1989b), Risk Assessment Guidance for
Super/and, Volume II, Environmental Evaluation Manual (USEPA, 1989c). Input by EPA
personnel was also utilized to prepare this ERA.

Risk assessment provides a mechanism for estimating risks in cases where risks may
be judged to be excessive. It is a process that synthesizes available date on exposure and
toxicity of metals and incorporates scientific and professional judgment to estimate the
associated risk to the environment. Ecological risk assessment, the characterization of
potential adverse effects resulting from exposure to environmental contaminants, involves four

consecutive steps:

1-2
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1. Data Collection and Evaluation: identifying contaminants of concern and defining
the nature and magnitude of metals contamination in specific environmental media;

2. Exposure Assessment: determining the extent of ecological exposure to
environmental contaminants;

3. Toxicity Assessment: determining the relationship between magnitude of exposure
and the probability of occurrence of adverse effects; and

4. Risk Characterization: combining the first three steps to yield estimates of
ecological risk.

1.1 ORGANIZATION

The first step in the ERA is to identify chemicals of concern, in this case, metals.
This step is followed by evaluating potential exposure pathways and quantifying chronic daily
intakes by key receptor species. To quantify exposures, exposure concentrations and receptor
intakes must be estimated. The next step, toxicity assessment, identifies compounds likely
to result in adverse effects in exposed populations. The final step, risk characterization,
integrates field observations/data and information from the exposure and toxicity assessments
to yield estimates of risk. Since uncertainty analysis is considered an important component

i

of the risk assessment process, a qualitative discussion of uncertainty is included.

Section 1.0 is an introduction and overview. Section 2.0 provides a description of the
terrestrial and
contamination

aquatic environment of the BS/T Subsites. Section 3.0 discusses the extent of
onsite. Section 4.0 describes the screening process used to select the COCs.

Section 5.0 details the exposure assessment process, including selection of key ecological
receptors, describes the fate and transport of metals between and within various
environmental media, identifies relevant pathways of exposure, estimates exposure point
concentrations, and estimates dose for the key receptors. Section 6.0 outlines the ecological
endpoints used to evaluate potential adverse impacts. Section 7.0 contains toxicity
information on the COCs. Section 8.0 presents calculations of Toxicity Quotients. Section
9.0 discusses uncertainty associated with the risk assessment. Section 10.0 presents the risk

1-3
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characterization. Uncertainty stemming from 1) variability in the assumptions made and 2)
data input values used and their effect on predicted exposures are adso discussed briefly
throughout the text.

1.2 SITE BACKGROUND

The Baxter Springs and Treece subsites were part of one of the most productive lead
and zinc mining districts in the country. This district was known as the: Picher mining field,
and was centered near the town of Picher, Oklahoma, extending northward into southeastern
Kansas. Peak production from the Picher field was recorded in 1925. Between 1921 and
1925, the field yielded 55 percent of the total zinc produced in the United States (McKnight
and Fischer, 1970). Today, approximately 4 percent and 11 percent of the land areas are
covered by mining/milling wastes or abandoned mill sites in the Baxter Springs and Treece
subsites, respectively. The limestone formations underlying the subsites have been
extensively mined and are honeycombed with workings ranging in depths from 200 to 500
feet below ground surface; in addition, over 100 open shafts, collapsed shafts, and subsidence
features are present at the surface above the underground workings (McCauley et al., 1983).

At one time, an estimated 75 million tons of coarse mill waste materials called chat,
were accumulated in the subsites. The availability and abundance of chat gave rise to an
industry devoted to processing this waste for construction materials, concrete aggregate,
railroad ballast, road base, and blasting sand. Many of the unpaved secondary roads in
southeastern Kansas and Missouri and northeast Oklahoma are surfaced with chat obtained
from quarrying operations in the Picher field. Sears (1989) estimated that only about 6
percent of the chat originally found in mill waste piles within the subsites remains. One large
chat quarrying company currently operates processing equipment in at least two locations
within the subsites.

: 1-4
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1.3 PHYSIOGRAPHY

The location of the subsites relative to surrounding landmarks is illustrated in
Figure 1-1. In addition to the brief description below, the physiographic characteristics of
the subsites are discussed in detail in the Final Draft Remedial Investigation (RI) Report
(Dames & Moore, 1993a).

The Baxter Springs subsite covers approximately 17 square miles and includes the
town of Baxter Springs, Kansas, with a population of 4,351 (1990 census). The subsite is
drained by two ephemeral streams, Willow Creek and Spring Branch, and numerous small

i

unnamed tributary drainages. Both creeks flow in an easterly direction across the subsite and
enter the Spring River, which is an interstate perennial stream forming the eastern subsite
boundary.

The Treece subsite covers approximately 11 square miles and includes the
unincorporated town of Treece, Kansas, with a population of 172 (1990 census). Drainage

i
within the subsite is primarily to the south with Tar Creek being the principal ephemeral
surface waterjdrainage. A smaller ephemeral branch, known as Tar Creek Tributary, joins
this creek near the site boundary; another small drainage, Lytle Creek, flows south into
Oklahoma from the eastern portion of the subsite. Lytle Creek joins T;ir Creek south of the
Oklahoma state line and Tar Creek continues southward before entering the Neosho River

t
near Miami, Oklahoma. The Neosho River is the perennial surface water body potentially
affected by source materials in the Treece subsite.

i
t

Both subsites lie primarily in the Osage Plains section of the Central Lowlands
physiographic province characterized by gentle slopes and shallow low-gradient stream valleys
with only occasional areas of topographic relief. Blue Mound, located in the Treece subsite,
is the highest point in either subsite reaching an elevation of 970 feet above mean sea level.

• i
The extreme eastern portions of the Baxter Springs subsite lies within the Springfield Plateau
section of the Ozark Plateau province characterized by hilly terrain with steep slopes and thin

1-5
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2.0 STUDY AREA DESCRIPTION

The Final Draft Remedial Investigation (RI) for the BS/T subsites presents in detail the
physical, geological, and hydrologic features and biotic characteristics of the subsites. This
section of the ERA provides an overview of the study area features.

i

2.1. LAND USE AND CLIMATE

Land use characteristics of the subsites are generally characterized in the table below:

mmmms®m®m B
liiiiliilllllsl;;. isill iiiiii 1 1
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::x::::-;::-x::;:: >:-:-::; ::: :-: :::x::'>:::-:-:-:::::;

60

50

2,580

1,185

liiillllllll

10,880

7,040

Urban deyelopment (Baxter Springs and Treece) and light industry occupy approximately
1050 acres or six percent of the subsite acreage. Approximately 39 miles of chat-covered
roads are present in the subsites, or about 0.6 percent of the total subsite acreage.

Cultivated crops are primarily wheat and soybeans with some girain sorghum, corn,
barley, oats, and alfalfa. Tall fescue is the main tame grass grown for pasture or hay. Along
the Spring River, agricultural land is used primarily for raising livestock and growing crops.
Both beef and dairy cattle are raised in this area. Soils in croplands and pastures were
sampled as a part of the RI and were termed Agricultural soils.

Vegetated non-agricultural areas (woodlands and bottomlands along stfeambeds) occupy
approximately 3,765 acres or 21 percent of the total subsite area. Soil samples collected in

2-1
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these nonagricultural areas were termed A-Horizon samples and results were pooled with the
Agricultural! soil samples to form an Agricultural/A-Horizon (Ag/A) clata set.

Mine and mill wastes and areas disturbed by these past activities affect approximately
1,195 acres or roughly 7 percent of the total subsite area. The various soils and waste
materials included in this category are discussed in Section 2.2.

The prevailing winds in the subsites area are from the south with zin average windspeed
of 4.2 meters per second (9.3 mph). Kansas has a climate typical of the continental interior
of North America with hot summers and cold winters. Annual mean temperatures range from
about 58°F in the southeast to 52°F in the northwest. Monthly mean temperatures at Joplin,
Missouri (15 miles to the east) range from 33°F in January to 80°F in July. Daily
temperature variations of about 20°F occur year round. Temperatures of 90°F or higher
occur an average of 49 days per year, while the average number of days with a temperature
of 32 °F or lower is 88 days per year. Average monthly precipitation ranges from 1.4 inches
in January to 4.9 inches in June, with a mean annual total of 39.5 inches. About 75 percent
of the rainfall occurs during the crop growing season (April to September), while an average
of 12.3 inchesjof snow falls annually during the winter months (December through March).
During 1991, the year the site was investigated, approximately 32 inches; of rainfall occurred
on the subsites.

I

i
Floods may occur throughout the year in southeastern Kansas. However, the greatest

flood frequency is spring and summer during periods of potentially prolonged or torrential
i

rain. I

2-2
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2.2 CHARACTERISTICS OF MINE AND MILL WASTES

2.2.1 Mine Waste

In general, historical mining operations generated two broad categories of waste: mine
and mill waste. Mine waste is rock excavated from shafts and mine workings, and as such,

It

most are cone-shaped piles of rock stacked near mine shafts. Most of the mine waste piles
inspected consist of large blocks of limestone and jasperoid (silicified limestone) which lack
vegetation and provide little habitat for wildlife. Mine waste piles cover about 18 acres or
0.1 percent of the subsite acreage.

i
i

2.2.2 Mm Waste

Mill wastes present at the surface are divided into two categories;: chat and flotation
tailings. Chat is silt to small gravel-sized crushed rock derived from gravitational mill
processing. Flotation tailings are silt to fine sand-sized material derived from the froth
flotation milling process. Flotation tailings have higher residual metal concentrations and are
finer grained than chat.

i
j

There are an estimated 3.2 million yd3 of chat remaining in the subfiles (610,000 yd3 in
the Baxter Springs subsite and 2,625,000 yd3 in the Treece subsite). The larger accumulations
cover an estimated 324 acres in the subsites. Most of the chat piles now exist as remnants
of larger piles (excavated chat), having been extensively quarried over the years and sold as
various construction aggregates, railroad ballast, and roadway fill. Chat consists of siliceous
chert, jasperoid, and limestone fragments that resulted from jigging and tabling (mechanical)
separation processes. Chat comprises approximately 85 percent of the surface mill waste
volume at the Baxter Springs subsite and 72 percent of mill waste volume at the Treece
subsite.

2-3
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Fine-grained flotation tailings were deposited in shallow bermed tailings impoundments.
Site-specific grain size data show that these tailings range from about #35 mesh (0.0165
inches) to #400 mesh (0.0015 inches) or in the fine sand silt clay-size particle range.
Generally, the dikes impounding the tailings are intact and, in many instances, hold water
forming temporary ponds. These tailings are silt-like (fine-grained) and have a slow water
infiltration rate and a high water-holding capacity. The estimated 291,000 yd3 of tailings
present in the' Baxter Springs subsite cover about 80 acres, while the estimated 514,000 yd3

of tailings present in the Treece subsite cover approximately 132 acres.

The larger deposits of chat are generally unsuitable for plant growth due to their
insufficient organic matter, nutrient, and near-surface moisture. Although many of the
excavated chat areas and some of the relict tailings impoundments exhibit sparse to moderate
vegetative cover (usually perennial weeds or weeds mixed with grasses), areas covered by
mine and mill waste do not allow for the establishment of diverse vegetation due to the
physical limiting factors noted above. Experimental test plots established by the U.S. Bureau
of Mines at the Galena subsite in chat (Norland and Veith, 1990) indicated that the native
warm season grasses seeded to chat amended with organics had the best emergence of any
species tested.! Soapberry (Yucca glauca var. mollis), which is representative of species that
typically occur in the revegetated strip-mined areas of southeastern Kansas (Stubbendieck et
al. 1986), wasjobserved by Dames & Moore field personnel growing in association with well-
drained chat piles. The U.S. Bureau of Mines experimental test plot data for chat and the
subsite observations of naturally revegetated excavated chat and tailings indicate the absence
of acutely phytotoxic metal concentrations, at least for some species.

2.2.3 Soils Nuar Mine/Mill Waste Areas

Soils near mill waste accumulations were subdivided into two major categories based on
their visible chat content. Soils in non-agricultural areas less than 300 feet from a mill waste
pile that did not contain visible chat (or tailings) were termed near-pile soils. Near-pile soils
are typically well vegetated.

2-4
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Soils from obviously disturbed or affected areas that contained visible chat fragments
(and possible tailings) were referred to as mill-site soils. Mill-site soils were collected from
areas directly affected by past mining or milling activities, as indicated by the presence of
concrete mill foundations, scrap, and other debris. Soils in these areas consisted of chat and
soil mixtures that were sparse to moderately revegetated. The estimated areal extent of near-
pile soils and mill-site soils are included with the acreage estimates for remnant chat areas
and other disturbed areas totaling 261 acres in the Baxter Springs subsite and 380 acres in the
Treece subsite. Thus, the total mine-related acreage shown in the land use table in Section
2.1 is made1 up of mine waste (18 acres), chat (324 acres), tailings (212 acres), and
remnant/excavated chat areas (641 acres), totaling 1195 acres.

2.3 DESCRIPTION OF TERRESTRIAL HABITATS AND POPULATIONS ON SITE

The vegetation communities of the BS\T subsites are subdivide into four general
topographic affiliations: 1) upland oak forest, 2) lowland maple forest, 3) floodplain

I
cottonwood-mlxed forest scrub, and 4) streamside willow scrub. Each topographic category
is identified by the dominant species which form the principal communities (See RI, Table
4.8-1). I

i
i

2.3.1 Vegetation Typesi
i
i

Generally, the BS/T subsites are representative of the Cherokee County portion of the
Cherokee Praiie Region. Much of the land in the Cherokee Prairie Region is used for crops
and pasture, but a mixture of scattered woodlots and riparian wooded areas remain (Newland

I : '
et al., 1964). jWoodlands generally occur as irregular tracts and narrow bands located along
streams and rivers but also as strips in upland drainageways and on the steeper upland slopes.
Trees and hedgerows of trees also occur on most of the farmsteads; they were planted by the

| •
early farmers primarily to serve as farmstead and feedlot windbreaks and to minimize soil
erosion.
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Vegetation identification was conducted primarily in late March 1991, when shrubs and
vines were leafing out. Identifications were made from leaf samples, nut and fruit collection,
bark textures, and other visual characteristics. Plant identification references included
Stephens, 1969 and Bare, 1979. See Section 4.8 of the RI for extensive review of site

i

vegetation.

2.3.2 Terrestrial WUdlife

Wildlife species, relative abundance, and habitats occurring in the Baxter Springs and
Treece subsites are typical of those occurring in the agriculturally-altered tall grass
prairie/eastern woodland ecotone. Habitats are principally associated with cropland margins
and non-tillable areas with native floral representation remaining only in the riparian bottoms
and relic woodlots. As a result of extensive agricultural practices over the last century,
diversity in the natural floral community is significantly limited in Cherokee County. While
unvegetated mill waste deposits provide no habitat, the wildlife and floral communities in andi
around mine-related disturbance provide good diversity and abundance because these areas
have not been;subjected to agricultural or urban development.

Terrestrial predators of interest in the vicinity of the subsites primarily include members
of the canid arid mustelid families and predatory birds. Species that could potentially occur
on site include coyote, red fox, gray fox, badger, long-tailed weasel, rnink, striped skunk,
bobcat, and spotted skunk. In addition, raccoon could occur in the area, although it is

I
actually classified as an omnivore versus a carnivore. Field surveys documented the presence
of fox (species unknown) and raccoon. Canids (species undetermined), raccoons, white-tailed
deer, beavers., opossums, owls (species undetermined), and cottontail rabbits were observed
within the subsites.

Other species which were observed or reported to occur [U.S. Soil Conservation Service
(USSCS), 1985] include white-tailed deer, beaver, muskrat, Virginia opossum, eastern
cottontail rabbit, white-footed mouse, short-tail shrew, hispid cotton rat, marsh rice rat, deer
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mouse, woodland vole, and eastern chipmunk. All species, excluding the woodland vole,
eastern chipmunk, and the eastern cottontail rabbit were observed by field personnel. The
three species not observed were listed as "expected to occur" based on suitable habitat
availability.

Evidence of eight different raptors was documented during the October 1991 RI field
surveys. Raptors were northern harrier, sharp-shinned hawk, red-tail(;d hawk (including a

i

Marian's hawk-color phase of red-tail), golden eagle, American kestrel, turkey vulture,
great-horned owl, and barred owl. Other species expected to occur within the subsites
include Cooper's hawk, rough-legged hawk, barn owl, and short-eared owl. All of these
species are known to hunt over habitats similar to those present in subsites and all, except for
the rough-legged hawk, golden eagle, and short-eared owl, may potentially breed in subsites.

Waterbirds observed in the subsites include Canada goose, mallard, wood duck,
blue-winged teal, great blue heron, and possibly an egret (species unknown).

Over 100! species of songbirds could potentially occur on or near the: subsites (Thompson
and Ely, 1989,). Since RI surveys occurred in early October, most observations were of
year-round residents, migrants, and winter visitors. A total of 43 species were documented
during the field surveys; eastern meadowlark and blue jay were the most commonly observed

i

species, followed by Carolina chickadee, cardinal, American robin, starling, and common (or
Northern) flicker.

A wide variety of reptiles and amphibians are known to occur within Cherokee County.
Blanchard's cricket frog was common in areas of ponded water and along the creeks that
transect the subsites. In addition, the southern leopard frog and bullfrog were observed.
Three species Df snakes were each observed in October 1991. These were the bullsnake,
plains garter snake, and rough green snake. Each of these species could potentially use all
project area habitats except mill waste piles and open' water. Turtles observed were the
Mississippi map, ornate box, red-eared, and stinkpot.
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2.4 CHARACTERISTICS OF THE AQUATIC ENVIRONMENT

All watersheds in the Baxter Springs subsite are tributary to the Spring River while
(

watersheds in the Treece subsite drain to Tar Creek, a tributary of the Neosho River (Figure
2-1). The Spring River is an interstate perennial river that flows through southeastern Kansas
to Oklahoma, forming the eastern boundary of the Baxter Springs subsite. The Neosho and
Spring Rivers are the major tributaries to Grand Lake O' The Cherokees in eastern
Oklahoma.

Historically, streams within the on-site watersheds have been ephemeral and, as such,
support limited aquatic life throughout the year. Overall habitat suitability of the on-site
waters is limited. Physical limitations of the aquatic habitats include intermittent flows within
the streams and associated elevated water temperatures and low dissolved oxygen during low
flow periods. These flows may be augmented by the gradual release of precipitation retained
within chat piles. With the exception of springs emanating from Mississippian limestone near
the mouths of jWillow Creek and Spring Branch (downstream of Highway 66), groundwater
does not appear to play a major role in sustaining stream flow. While subsite streams do not
flow during di^y periods [observed by Dames & Moore in August and September 1991 and
by Spruill (1987)], limited areas of ponded water remain in stream chamnels. Stream flow
responds to seasonal precipitation patterns and can increase by an order of magnitude during
rainfall events) As a result of increased rainfall runoff, sediment is moved from croplands
and mill waste areas to receiving channels. Specific mill waste sediment sources include chat
eroded from the larger piles located near stream channels and tailings eroded from breached
tailings impoundments. The presence of shifting sediments in the stream channels is assumed
to deteriorate habitat quality and to provide a source of leachable metals to surface waters.

2.4.1 Spring River Drainage

The Spring River is an interstate perennial river that flows through southeastern Kansas
to Oklahoma and forms the eastern boundary of the Baxter Springs subsite (Figure 1-1;
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Section 1.0).! The Spring River watershed drains the southwestern portion of the Ozark
Plateau in Missouri as well as portions of the Central Lowlands in southeastern Kansas and
northern Oklahoma, which incorporates portions of the Tri-State mining district. The stream
gage on the Spring River nearest the subsite is at Quapaw, Oklahoma, which is nine miles
south of the City of Baxter Springs. At the Quapaw stream gage, the river drains an area of
approximately 2,510 square miles. The average annual discharge betwren 1939 and 1990 ofi
the Spring River at Quapaw is 2,078 cubic feet per second (cfs), with annual peak flows of
50,000 cfs to 100,000 cfs. The Spring River drainage is subject to periodic flooding caused
by prolonged'or intense periods of rainfall. A peak discharge of 190,(XX) cfs was recorded

i

in May, 1943. Low flow periods occur during the summer. A minimum discharge of 5.8
cfs was recorded in July, 1954 (USGS, 1987).

Water quality in the Spring River is impacted, in general, by runoff from agricultural
areas, treated sewage and coal mine drainage from Cow and Brush Creeks, and
seepage/runoff from abandoned lead-zinc mines in the Short, Turkey, Center Creek, and
Willow Creek; watersheds [Kansas Department of Health and Environment (KDHE), 1980].
Historical KDHE water quality data for the Spring River show occasional exceedances of
Federal chronic Ambient Water Quality Criteria (AWQC) for cadmium, copper, iron, lead,

i

and zinc. Notwithstanding these occasional exceedances of Federal criteria, the river supports
a varied warm-water fishery which includes largemouth bass, walleye, white bass, crappie,
and catfish.

Empire Lake located on the Spring River approximately 10 miles upstream from Baxter
Springs receives metals input from upstream sources, including lead-zinc mined areas in the
Center Creek, Short Creek, and Turkey Creek drainages.

The Sprirg River system has historically received heavy metals input from mining
activities throughout southeastern Kansas. Ferrington et al., (1988) concluded that the
Spring River b ;nthic invertebrate community within the Empire Lake ania has been affected
by the presence of elevated levels of metals in the river causing reductions in standing crop

i
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densities and aquatic macroinvertebrates. Ferrington et al., (1988) reviewed eight benthic
invertebrate \ studies to establish general patterns of species richness and standing crop
densities for lentic environments. He concluded that minimum standing crop density
estimates should be on the order of 2,500 to 6,000 or more aquatic insects per square meter.
This conclusion was based on the results of studies conducted relatively close geographically

l
in Kansas, Nebraska, and the Texas-Oklahoma border, and more distant studies conducted
in Florida, North Dakota, Iowa, and New York. Minimum standing crop densities estimated
for those studies conducted relatively close geographically were also in the same range of
2,500 to 6,000 organisms per square meter. Ferrington et al. (1988) concluded that metals

i
have reduced standing crop densities of aquatic macroinvertebrates. The standing crop

I

density estimates for the Empire Lake study ranged from 173 to 822 organisms per square
meter. Species diversity in Empire Lake, however, was greater in this area than in upstream
locations and densities were comparable to those observed in Shoal Creek, which was the
control site for the study. Furthermore, Ferrington et al. (1988) stated, "Based upon an
analysis of the abundance patterns of major taxonomic groups, it must be concluded that the
presence of high concentrations of metals in the sediments has not caused major shifts in
community composition."

The KDHE (1980) report, Water Quality Investigations of Lead-Zinc Mine Drainage
Effects on Spring River and Associated Tributaries in Kansas 1978-1979, indicated that most
of the metals loadings to the Spring River and the resulting paucity of clean water
invertebrates is due to releases from Short Creek, which contains relatively high heavy metals
concentrations[ especially zinc. Sampling results show that within the Spring River below
Empire Lake, 53 percent of the benthic invertebrates sampled were clean water taxa. A
similar study (USGS, 1992) conducted in the Spring River east of Baxter Spring showed that
49 percent were clean water taxa. These data indicate that the Spring River may be affected
by metals loadings from Short Creek and other major tributaries (Figure 1-1), but the
contributions to the Spring River from Willow Creek and Spring Branch (less than 1 percent)
are small in comparison.
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The USGS compiled available historic data for the upper Spring River basin (USGS,i
1992). Short Creek at Galena represented less than 1 percent of the median flow in Spring
River at Baxter Springs, but contributed 79 percent of the dissolved zinc load (calculated on
an instantaneous load basis). Dissolved concentration of iron, lead, and manganese in the
Spring River]did not seem to be affected by lead-zinc mining in the Spiing River basin. The

I

Short Creek station also maintained the highest median dissolved copper concentration (0.24
mg/L at Galena). An almost total lack of benthic invertebrates at Center Creek (near

Smithfield, Missouri) and Turkey Creek (near Joplin, Missouri) were attributed to elevated
i

levels of zinc. Neither Willow Creek or Spring Branch were included in the USGS study.
i

i

Baxter Springs Subsite Drainages

i

The Baxter Spring subsite is primarily drained by Willow Creek arid Spring Branch (see
Figure 1-1, Section 1.0 and Figure 2-1). Although both streams are tributary to the Spring
River, collectively they comprise less than 0.8 percent of the Spring River drainage basin

above Quapaw, Oklahoma. Willow Creek has a total drainage area of approximately 16
square miles and flows from west to east through the subsite. The Baxter Springs subsite is
located in thej lower one-half of the watershed, occupying approximately 50 percent of thei
Willow Creek watershed. The entire Spring Branch watershed (3.3 square miles) is within
the subsite, comprising another 20 percent of the total Baxter Springs subsite area. The
remaining area of the Baxl
towards the Spring River.
remaining area of the Baxter Springs subsite is an upland area that drains south to southeast

The dominant land use of the Willow Creek watershed is agriculture. Evidence of past

mining activity is confined to the lower reaches of Willow Creek, where chat piles and
tailings ponds are present. Approximately 3 percent of the watershed surface area is covered

i

with mill waste. Land use in the Spring Branch watershed includes the City of Baxter

Springs as well as agriculture and mining. Urban areas are confined to the lower one-half
of the Spring Branch watershed. Approximately 16 percent (140 acres) of the watershed
surface area upstream of Baxter Springs contains evidence of past mine/mill activities.
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Water quality in the streams relates directly to land use. The data indicate that the
!

primary source of suspended solids in Willow Creek is surface runoff from croplands,
i

pastures, or other sources unrelated to mining. With respect to regional conditions, it is
important to 'note that total recoverable concentrations of lead were at or above chronic
AWQC at the upstream, baseline (WC-1) station in all samples collected.

Willow Creek Surface Water Quality (total recoverable - mg/L)
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Adjusted for sample hardness.

Iron exceeded AWQC at the upstream and downstream stations with an arithmetic
average of 2.7 mg/L and 3.9 mg/L, respectively. Runoff and seepa.ge from mill waste
apparently transports lead to the lower reaches of Willow Creek as evidenced by higher total
recoverable lead concentrations at the two downstream sampling stations, WC-2 and WC-3.
One set of samples analyzed for dissolved metals showed cadmium and zinc present in
Willow Creek water samples primarily as dissolved metals. Levels of cadmium and zinc
measured at the two downstream locations indicate that mill waste in the Willow Creek
watershed contributes to in-stream concentrations of these metals. Concentrations of iron,
lead, and suspended solids were usually highest during high flow periods resulting from
rainfall runoff inputs and scouring of sediments; cadmium and zinc concentrations were
usually highest! during low flow periods when dilution from rainfall runoff was minimal.
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Most of |the downstream area of the Spring Branch watershed is urban in contrast to the
Willow Creek watershed which is rural/agricultural throughout, while the upstream area is
dominated by mill waste runoff/seepage. No baseline station was established in this
watershed. Suspended solids concentrations and total recoverable iron concentrations in

t

Spring Branch were minimal during both low- and high-flow sampling events. Total
recoverable lead concentrations exceeded chronic AWQC only during the higher flow of the
May sampling event. Cadmium and zinc total recoverable concentrations exceeded AWQC
in all sampling rounds, regardless of flow conditions.

Spring Branch Surface Water Quality (total recoverable mg/L)
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1 Adjusted for sample hardness.

Stream discharge within the Willow Creek/Spring Branch system fluctuates dramatically
particularly in response to seasonal changes in precipitation. Stream discharge in Willow
Creek ranged from 0.01 cfs at WC-3 during the August sampling event to a high of 46.2 cfs
during the May sampling event. Spring Branch discharge displayed similar variability where
discharge during low flow was measured at 0.05 cfs and discharge at high flow was 16.7 cfs.
The upper reaches of both streams become intermittent with isolated remnant pools during
periods of low flow; flow in the furthest downstream reaches of each stream is supported by
seepage from limestone bedrock.
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2.4.2 Neosho River Drainage

The Neosho River drains the Central Lowlands of southeastern Kansas and portions of
northern Oklahoma east and southeast of the Cherokee County subsites (see Figure 1-1;
Section 1.0). The Neosho River is larger than the Spring River, draining 5,876 square miles
(above Commerce, Oklahoma) with an average annual discharge of 4,428 cfs as measured
at the Commerce gage. For the most part the drainage basin is founded on shale. The river
is subject to periodic flooding and a peak discharge of 267,000 cfs has been recorded at the
Commerce gage (USEPA Storet data).

The Neosho River receives flow from Tar Creek which, prior to its confluence with the
Neosho River, flows through the Tar Creek Superfund Site (Picher mine field) located
immediately south and downstream of the Treece subsite. Treece nubsite surface-water
sources contribute an estimated 8 percent of the annual zinc load in Tar Creek as measured
where Tar Creek enters the Neosho River. Treece subsite ground-water sources contribute
an additional zinc load to Tar Creek via mine openings in Oklahoma, estimated to be an
additional 2 to 11 percent of the zinc load added to the Neosho River.

j
I

Water quality in the Neosho River is good, generally meeting AWQC except for iron
i

which is regularly exceeded upstream of Tar Creek inputs. Chronic AWQC for zinc are
occasionally exceeded as a result of contributions from Tar Creek (OWRB, 1983). Fish
species composition and productivity in upper Grand Lake (five miles downstream from the
mouth of Tar Creek) and within the Neosho River downstream from Tar Creek showed no
apparent effects from mining activities, (Aggus et al., 1983). BentMc macroinvertebrate
density, particularly the dipteran Chaoborus sp., increased in the Neosho River from the
mouth of Tar Creek to upper Grand Lake as the river channel changes from a lotic to a lentic
environment in this area. Tar Creek, however, was sufficiently contaminated from mining
activities to result in low abundance and diversity of fish and benthic invertebrates where the
creek enters the Neosho River at Miami, Oklahoma approximately 10 miles downstream from
the Treece subsite (Aggus et al., 1983). Aggus et al., (1983) concluded that effects on the
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fish community diminish rapidly once water enters the Neosho River, primarily because of
the ameliorating effects of increased water hardness in the Neosho River. Recent data
concerning water quality and/or biologic conditions within the Neosho Biver were unavailable
at this writing. It is assumed that conditions within the river are similar to that reported in
1983.

Treece Subsite Drainages

i
Tar Creek is the principal stream in the Treece subsite with a drainage area of

approximately 8.6 square miles within Kansas (see Figure 1-1, Section 1.0 and Figure 2-1).
The Tar Creek watershed is located southwest of the Willow Creek watershed and flow is
from north to south through the Treece subsite to the Neosho liiver in Oklahoma.
Approximately 50 percent of the Treece subsite is drained by Tar Creek. Two other
watersheds, Tar Creek Tributary and Lytle Creek, drain the eastern portion of the Treece
subsite before joining Tar Creek in Oklahoma. Tar Creek Tributary and Lytle Creek were
considered unsuitable for supporting fish populations because of low stream flow. These
watersheds cover a combined area of 7.7 square miles, and with Tar Creek, cover
approximately 97 percent of the Treece subsite.

There are! no known continuous stream flow records for Tar Creek or its tributaries
within the Treece subsite; however, the USGS maintains a continuous-recording stream gage
near the mouth of Tar Creek at Miami, Oklahoma, 10 miles downstream of the subsite. The
drainage area above the Tar Creek station at Miami is 44.7 square miles. A maximum
discharge of 3,100 cfs and a minimum discharge of/'0.07 cfs have bren recorded at this
stream gage over the period of record from 1984 to 1990. Comparing the estimated Treece
subsite annual
Oklahoma (68
percent of the

discharge (5.3 cfs) to the average annual value for Tsir Creek at Miami,
6) indicates that runoff from the Treece subsite contributes, on average, 8
'flow in Tar Creek.
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Since 1980, groundwater within the interconnected mines of the Picher field, including
the mine workings in the Treece subsite, has overflowed to Tar Creek via shafts/drill holes
near Picher and Commerce, Oklahoma. This mine water contains metals and sulphate and
contributes an estimated 3,400 acre-ft/year to the flow in Tar Creek (Parkhurst, 1986). This
represents about 12 percent of the average annual flow in Tar Creek as; measured at Miami,
Oklahoma. Neither mine shafts or cased holes in the Treece subsite have been observed to
overflow to streams.

The Tar Creek watershed within the Treece subsite is similar to Willow Creek in terms
of land use. !Mining activity is generally confined to the lower one-half of the watershed
within the Treece subsite, while the upstream area is dominated by agriculture. Water quality
is influenced by runoff from agricultural areas and seepage and/or surface runoff from mill
waste piles amd tailings ponds. Suspended solids and total recoverable, iron concentrations
in Tar Creek Were typically highest at the upstream (baseline) sampling station, TC-1, and
decreased with distance downstream.

Tar Creek Surface Water Quality (total recoverable - mg/L)
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As with Willow Creek, these data indicate that suspended solids and associated iron are
related to agricultural practices rather than to mining activities. Iron concentrations in Tar
Creek generally exceeded acute AWQC in the May and December sampling events.
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Dissolved solids, cadmium, lead, and zinc concentrations increased with distance downstream.
Upstream concentrations of cadmium, lead, and zinc were at or near chronic AWQC levels
but increased downstream during all sampling rounds as a result of runoff and seepage from
mill waste areas.

__ t

The Tar i Creek Tributary watershed has the same general land use and water quality

characteristics as main-stem Tar Creek, i.e., runoff and seepage from mine waste impact
water quality!in surface waters. In the Lytle Creek watershed only 0.6 percent of the land
surface is affected by mine-related operations and water quality is dominated by runoff from
croplands. Acute AWQC for iron and chronic AWQC for cadmium, lead, and zinc were

i

generally exceeded during all sampling rounds.
i

2.4.3 On-Site Ponds

The larger tailings and subsidence ponds were inventoried and a subset of these were
sampled as a part of the RI (see Section 3.4 of the Final Draft RI). In general, tailings ponds

|
were relatively shallow and covered up to 8.5 acres in surface area. Maximum depths of the

i

ponds inspected ranged from approximately 4 to 12 feet in tailings ponds and 60 feet or
deeper in subsidence ponds.

The ponds sampled exhibited neutral to slightly basic field pH ranging from 6.5 to 8.4.
Specific conductance varied from 160 to 1,900 umhos/cm showing considerable variation in
dissolved solids and hardness. Suspended solids concentrations were low or below detection
limits in most ponds, indicating that metals detected in ponds are generally in the soluble or
colloidal form as opposed to the particulate form.

All the ponds sampled represented undisturbed, post-mining conditions with the exception
of Ballard Pond. Water in Ballard Pond is used in a chat-wash operation at the Ballard site.
The Ballard Pond exhibited relatively high levels of metals. Additionally, the extreme water
level fluctuations caused by the chat washing operations severely limits, the opportunity for
the establishment of a fishery.
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Metal concentrations in each of the ponds sampled were compared to acute AWQC. In
five of the six ponds sampled during the aquatic biota investigation, metal concentrations
(especially zinc) exceeded acute AWQC for one or more metals. However, fish were caught
in four of the five ponds containing metals concentrations that exceed acute AWQC. Zinc
concentrations in the ponds were generally higher than those observed in Willow Creek but
less than average concentrations measured in Spring Branch, Tar Creek, and Tar Creek
Tributary. Significantly, the physical limitations of the ephemeral streams (lack of water,
fluctuating flow rates and water temperatures, high sediment load, etc.) present serious
obstacles to aquatic life, and it is suspected that the deeper tailings and subsidence ponds offer
a more stable, life-supporting environment than the on-site streams.

2.5 DESCRIPTION OF AQUATIC HABITATS AND POPULATIONS ONSITE

Figures 2-2 and 2-3 depict the location of aquatic habitats on site. Aquatic habitats occur
in conjunction with: (1) Tar Creek and tributary watersheds in the Treece subsite; (2) the
Willow CreekfSpring Branch watershed in the Baxter Springs subsite; (3) the stock ponds,
flotation tailings ponds, and flooded subsidence pits that occur throughout the subsites; and
(4) the Spring and Neosho Rivers that drain the subsites.

i

A small reservoir is located on the Spring River near Baxter Springs. This reservoir is
inhabited by various game fish such as largemouth bass (Micropterus salmoides), spotted bass
(Micropterus punctulatus), channel catfish (Ictalurus punctatus), flathead catfish (Pylodictis
olivaris), bluegill (Lepomis macrochirus), and crappie (Pomoxis spp.) (USSCS, 1985).

i
Interviews with local fishermen and a local bait shop owner in Baxter Springs, indicated that
white bass (Morone cry sops), hybrid white bass-stripers, and walleye (Stizostedion vitreum
vitreum) migrate upstream from Grand Lake to the reservoir dam during spawning runs.

Fish potentially inhabiting the streams and ponds of the subsites include centrarchids
(sunfish), ictalurids (catfish and bullheads), catostomids (suckers), and cyprinids (minnows).
Forage fish such as shad and minnows are also expected to occur in small ponds and shallow
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The other eight species all have designated habitat east of State Highway 66 running
north through Baxter Springs, near the Spring River where outcrops of Mississippian
limestone provide the caves and springs they require. While their designated habitat is
removed from the mine and mill waste deposits, individuals could be exposed to elevated
metals concentrations via contact with runoff from upstream areas (i.e., Willow Creek and
Spring Branch flow through the designated habitat area).

TABLE 2-1

STATE-LISTED THREATENED OR ENDANGERED SPECIES1

OF THE BAXTER SPRBVGS/TREECE SUBSFIES
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1 KDWP threatened or endangered species listing, 1991.
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2.6.2 Threatened and Endangered Plant Species

Three federally-listed T&E plant species occur in Kansas; Mead's milkweed (Asclepias
meadii), running buffalo clover (Trifoliwn stoloniferum) and western prairie fringed orchid
(Platanthera praeclara). Previous collections and the lack of suitable habitat indicate that
these species are unlikely to occur within Cherokee County or the BS/T subsites. The State
of Kansas has no native plant protection law and, therefore, no state-listed T&E plant species.

2.6.3 Wetlands

Wetlands are protected by Section 404 of the Clean Water Act and by Executive Order
I

11990, Protection of Wetlands, as well as by a variety of other acts and executive orders
(e.g., Fish arid Wildlife Coordination Act, 1958; Executive Order 11988, Floodplain
Management, 1977; Emergency Wetlands Resource Act, 1986). Wetlands of the site are
associated with streams, ponds, and marshes that have developed in subsidence pits andi
collapsed shafts as well as tailings and commercial chat-wash water recirculation ponds.
Wetlands that exist onsite are shown in Appendix E of the RI. Although many of the
wetlands (i.e.., subsidence ponds and flotation ponds) onsite were established as a result of
mining activities, the creation of these areas completes a potential pathway of exposure for
organisms inhab'iting or frequenting the wetlands. These wetlands potentially provide critical
habitat for the state-listed northern spring peeper.
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3.0 EXTENT OF CONTAMINATION ONSITE

Chemical and other data on the nature and extent of contamination onsite were
collected during the RI in order to support the ERA. These data, which are described in
detail in the Final Draft RI, are summarized below.

3.1 SOILS

The initial site inspection of the subsites revealed four basic soil types: (1) baseline
(B-Horizon) soils; (2) soil in croplands, pastures, floodplains, and woodlots (i.e., agricultural
and A-Horizon soil samples); (3) soils near the mill waste areas (i.e., near-pile soils); and
(4) soils at mill sites. Near-pile, agricultural/A-Horizon, and baseline soil data were used to
estimate dose/exposures to terrestrial and aquatic receptors and to identify COCs. Each of
these soil types and its role in the ERA is described below. Mill-site soils generally lacked
vegetative growth and associated habitat/forage. Terrestrial receptors were not assumed to
ingest mill-site soils, since mill waste and associated mill-sites do not represent habitat over
which receptors are likely to range. Therefore, mill-site soils were not used in the ERA
because terrestrial receptors were assumed to inhabit near-pile and agricultural/A-Horizon
soils. i

i

3.1.1 Baseline Soils
i

Data on j the concentration of metals in site baseline soil samples were necessary to
determine if metals concentrations measured in on-site soils were elevatsd relative to locali
conditions. Site baseline soil samples were collected from the B-Horizon soil (the mineral
soil horizon immediately below the A-Horizon) 14 to 24 inches below ground surface to
minimize inclusion of near-surface metal accumulations in the litter or A-Horizon. Eight
baseline soil samples were collected from diverse areas onsite (five from the Baxter Springs

subsite and three from the Treece subsite). The geometric and arithmetic means and upper-
iii
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bound (95th percentile) concentration of metals in baseline soils as well as information on the
range, frequency of detection, and sample variance (standard deviation) are listed in Table
3-1. Upper-bound values were calculated using Equation 5-1 given in Section 5.3.

3.1.2 Agricultural/A-Horizon Soils

Agricultural and A-Horizon (Ag/A) soils from the subsites were characterized by
sampling 15 locations in tilled and fallow fields, tame grass pastures, woodlands, and old
fields. These, samples represent typical subsite soils distant from mill waste accumulations.
The geometric and arithmetic means and upper-bound (95th percentile) concentration of
metals in Ag/A soils as well as information on the range, frequency of detection, and sample
variance (standard deviation) are listed in Table 3-2. Compared to the upper-bound metals
concentrations measured in B-Horizon baseline soils, Ag/A soils contain slightly higher levels
of cadmium, chromium, cobalt, lead, manganese, nickel, vanadium, and zinc. Ag/A soil data
were used to determine if metals levels in these soils are phytotoxic.

3.1.3 Near-Pile Soils

l
A-Horizon soils collected from areas near mine waste piles that were affected by past

mining activities are defined as near-pile soils. Typically, near-pile soils were completely
vegetated with ja well-defined organic layer (humus and leaf litter). All near-pile sample
stations were located within 300 feet of a mill waste accumulation due to the proximity of
tilled fields (for sample locations see Section 3.2 of the Final Draft RI). At most sample
stations, 0- to 2-inch and 10- to 12-inch core samples were collected. These data sets were
combined because: (1) there was no statistical difference between the concentration of metalsi
in 0- to 2-inch and 0- to 12-inch soil samples, and (2) the 0- to 12- inch data set was largeri
than the 0- to 2- inch set (n = 19 versus n = 12). This increase in sample size reduces
statistical variability of the near-pile soil data. Since analyses showed there is no statistical
difference between metals levels measured at these two depths, the combined data
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Table 3-1. Concentration of Ketals in B-Horizon Baseline Soils at the Baxter Springs/Treece Subsites

il||||||||i|llili
lllilligtSlIll

Arsenic

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Mercury

Nickel

Selenium

Si Iver

Thallium

Vanadium

Zinc

iln't

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

:::;:::::::;:::;::::'::::::::!::::::::::::::::̂ :::::::::::::::::::::::::::;::::::
:S::::::;:-:::::::;:::::::::;:;:::::::::ox>::-:::>':>-::::x'::x>-:::::
m^yi^Ksi^jeK^K^

ND° (1.9)-16

70-370

ND (0.15)-1.8

ND (0.3-0.6)

18-43

4-11

5-15

18,000-71,000

8.9-29

32-370

ND (0.05)

6-18

ND (0.3)-0.9

ND (0.5)-2

ND (0.3-0.6)

32-77

9-170

^mf^<aifia^fj0iiim
lllip̂ fctlfiill:

6/8 (75%)

8/8 (100X)

7/8 (88%)

0/8 (0%)

8/8 (100%)

8/8 (100%)

8/8 (100%)

8/8 (100%)

8/8 (100%)

8/8 (100%)

0/8 (0%)

8/8 (100%)

1/8 (13%)

1/8 (13%)

0/8 (0%)

8/8 (100%)

8/8 (100%)

Illlllliipiiill
Wmiiiff'^nim^M
miii&iti&imm

7.1

125

1.0

NA"

30.3

6.8

10.5

34.000

17.4

133.5

NA"

10.8

0.5

0.7

NA"
51.1

43.9

m&jms&fflitim&gtf;:•:-:•:-:-:•:•;•;•:-:':•:':• W*£oO':- :-:•:•:•:-;•:•:•: •:•:*

Illllcii/iiilll̂ i
5.2

105.4

0.8

NA

28.7

6.4

9.8

29,788

16.3

98.9

NA

10.0

0.4

0.6

NA

49.1

28.8

- 11-1

192.3

1.3

NA

37.1

8.4

13.1

47,646

21.7

209.8

NA

13.7

0.6

1.0

NA

61.4

79.2

i||;it|||i||l|l
i:|f$piiiSliill!!
iiiiiî iltl

5.9

100.7

0.5

NA

10.2

2.5

3.9

20,368

6.5

113.9

NA

4.4

0.2

0.5

NA

15.3

52.7

" NU = not detected; value in parentheses represents one-half the reporting limit.
b Since all measured values were nondetectable, mean, upper-bound, and standard deviation values were not calculated.



Table 3-2. Concentration of Metals in Agricultural/A-Horizon (Ag/A) Soils at the Baxter Springs/Treece Subsites

Arsenic

Cadmium

Chromium

Cobalt

Copper

I ron

Lead

Manganese

Nickel

Selenium

Vanadium

Zinc

lliHlili
15

15

8

8

15

15

15

15

8

8

8

15

Wmtii&^mtiM

2.7-13

ND_(.0..3)-5_.— -

13-55

2.4-19

3-14

6800-74,000

12-150

25-1300

2.6-23

ND (0.3)°-0.7

25-88

23-830

lHiiiSî î̂ l̂l
ilii:i;iftê PitlW?siif

15/15 (100%)

-.— 5/15 (33%)

8/8 (100%)

8/8 (100%)

15/15 (100%)

15/15 (1005)

15/15 (100%)

15/15 (100%)

8/8 (100%)

1/8 (13%)

8/8 (100%)

15/15 (100%)

iiirtiiliicimmi^mm

5.6

0.9

31.3

10.8

7.1

29,587

42

593

10.8

0.4

48.9

156.5

;;||;C!!Biiiwtii|illl
:•:•:- ;-:: :; :•:•:-;-:-:: x Mj|'v'y'vv' ; : ; : ; : v > : -:v : •
^WSiWSSllBBtt:;:::̂ ;*:-liiPiiiiiilii

5.0

0.6

27

8.4

6.4

22.732

32.1

431.9

8.9

0.3

44.8

99.0

illilpliiiillh
WMi^&Mifmi

6.8

1.4

42.6

15.6

8.7

36,906

58.3

773.3

15.3

0.4

63.6

246.8

IllBî iSicfcl
isliieiriSlJoiliiiis
lliiî ijilili

2.6

1.2

17

7.2

3.4

28,350

35.9

396.6

6.7

0.1

22

198.6

" ND = not detected; value in parentheses represents one-half the reporting limit.



will not significantly alter results. Furthermore, EPA agreed that using the 0- to 12-inch data
was appropriate for the Human Health Risk Assessment (HHRA). To be consistent with the
HHRA, the ERA also used the 0- to 12-inch data. B-Horizon data were collected from a
depth of 14 inches or greater. The geometric and arithmetic means and upper-bound (95th
percentile) concentration of metals in near-pile soils as well as information on the range,
frequency of detection, and sample variance (standard deviation) are listed in Table 3-3.

Upper-bound concentrations of cadmium, chromium, cobalt, iron, lead, manganese,
mercury, nickel, selenium, silver, thallium, vanadium, and zinc were higher in near-pile soils
than concentrations of these metals measured in B-Horizon baseline soils. Upper-bound

I

levels of arsenic, cadmium, cobalt, copper, iron, lead, manganese, nickel, selenium, and zinc
were higher than the upper-bound concentration of these metals measured in Ag/A-Horizon
soils.

Near-pile soil data were used to estimate doses for key terrestrial species and to
determine if metals levels in these soils are phytotoxic. Terrestrial receptors were assumed
to range or forage in near-pile areas rather than mine/mill waste areas because the mining-
related areas including excavated chat, chat and tailings accumulations, and mill sites
generally lack vegetation. In reality, only a small fraction of the subsites actually contains
soils with metals at or above concentrations of near-pile soil levels, ;ind most terrestrial
receptors that inhabit the subsites are likely to range over a relatively large area. For
example, if we; assumed that a receptor spent equal time anywhere on the subsites, then the
average exposure concentration would be an area-weighted average concentration of metals
from mill waste, mill-site, near-pile and agricultural areas. However, it was conservatively
assumed that animals range exclusively over near-pile soils which yields a higher metal

\

concentration value.
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Table 3-3. Concentration of Metals in Near-Pile Soils (0 to 12 in.) at the Baxter Springs/Trecce Subsites

Illlllllill 111
Arsenic

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

. I ron

Lead

Manganese

Mercury

Nickel

Selenium

Si Iver

Thallium

Vanadium

Zinc

ilil! 1
19

19

19

19

19

19

19

19

19

19

19

19

19

19

19

19

19

l||lllliipiiie;||l|lll
|:;lllll<î l̂ liiiiil

3.7-17

53-220

0.4-1.7

0.8-21

10-91

4-42

4.9-26

13,000-112,000

25-300

120-2100

ND (0.01")-0.3

4-44

0.5-1.0

1-4

0.3-2

21-96

230-2900

:; Hililiiil lilli
illlijipijfiKsiCir̂ l̂l

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

1/19 (5%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

19/19 (100%)

Illrjiiiiiil

7.8

106.6

0.8

4.5

34.2

15.6

9.9

48,947

88.1

947.4

0.1

14.5

0.6

1.2

0.7

53.2

710.0

lli«ilip(li||pijSliiiiiicisiiiiiiii
7.2

100

0.7

2.7

29.7

12.5

9.2

37,306

72.1

678.9

0.3

10.7

0.6

1.1

0.7

48.4

497.9

^Uf̂ per̂ Boiiid!:;V8lî :i::

9.2

124

0.9

6.6

41.7

19.8

11.8

62,957

113.9

1286.5

0.1

19.4

0.7

1.5

0.9

62.5

995.6

mmmmmm

3.5

43.6

0.3

5.2

18.9

10.6

4.7

35,218

64.8

852.4

0.05

12.2

0.2

0.7

0.3

23.3

717.9

«0= not detected; value in parentheses represents one-half the reporting limit.



3.2 SURFACE WATER AND SEDIMENT

Site-specific sampling and laboratory analysis of surface water (on-site streams
included in the aquatic biota sampling program and ponds) and sediments was conducted
during the RI. More specific information on surface water and sediment sampling methods
and results is presented in the Final Draft RI. Sediment data were not directly used in the
ERA, since potential toxic effects to aquatic receptors were evaluated by using site-specific
surface water data. Surface water data were analyzed using the total recoverable metals
method unless otherwise noted.

The arithmetic mean and upper-bound (95th percentile) concentration of total
recoverable metals from main stem stations on the major ephemeral streams (Tar Creek,
Willow Creek, Spring Branch) were used along with subsite pond results. The sample data
along with information on sample variance, range, and frequency of delation are presented
in Tables 3-4, 3-5, 3-6, and 3-7. Six (arsenic, barium, chromium, cobalt, selenium, andi
vanadium) of the 15 metals analyzed in on-site streams and ponds did not occur at detectable
levels in any of the three streams. Those metals detected in one or more of the streams or
ponds sampled include cadmium, copper, iron, lead, manganese, mercury, nickel, silver, and
zinc.

Two tributaries of Tar Creek, Tar Creek Tributary and Lytle Creek, were sampled
as a part of the RI studies. These data have not been used in this assessment. Although

i

much smaller in magnitude, the water quality in Tar Creek Tributary is similar to that in Tar
Creek and conclusions pertaining to the larger stream apply to its smaller tributary. Three

i
water samples from Lytle Creek, on the other hand, indicated good water quality similar to
the upstream (WC-l/TC-1) results (Figure 2-1). Very little mill waste is present in the Lytle
Creek drainage within Kansas (0.6 percent) and the sampling results are reflective of
"background" conditions. Since the stream was relatively unaffected by mine-related
activities, it was excluded from the analysis.
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Table 3-4. Concentration of (Total Recoverable) Metals in Tar Creek at Sampling Stations TC-2 and TC-3

Ilillllielsilllli

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Hercury

Nickel

Selenium

Silver

Vanadium

Zinc

X-XvXvX-X-X-X-:
•X- XvXvXvX •:•:•:•
tvXvXvXvXv':':!

ilniii
6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

Iliyillllcii/iiiliilillll
ND (0.0025)*

ND (0.1)

0.007-0.04

ND (0.005)

ND (0.025)

ND (0.0025)-0.01

0.4-2.5

0.025-0.08

0.22-1.1

ND (0.0001)

ND (0.02)-0.05

ND (0.0025)

ND (0.000055-0.0021

ND (0.025)

0.7-22

Ililliiiiilil
Wmt&miWmi

0/6 (OX)
_ „ _ _ , _

0/6 (0%)

6/6 (100%)

0/6 (0%)

0/6 (0%)

1/6 (17%)

6/6 (100%)

6/6 (100%)

6/6 (100%)

0/6 (0%)

2/6 (33%)

0/6 (0%)

4/6 (67%)

0/6 (0%)

6/6 (100%)

mmim/miim.
NA"

_ - . . -
NA"

0.02

NA"

NAb

0.005

1.3

0.05

0.6

NAb

0.03

NA"

0.0004

NA"
9.2

iiî lliticiTiiinii
Illiiiiî ilililllii

NA
.-

NA

0.01

NA

NA

0.004

1.1

0.05

0.5

NA

0.03

NA

0.0002

NA

4.8

l̂iHill̂ iill

NA

NA

0.03

NA

NA

0.008

2.1

0.07

0.9

NA

0.04

NA

0.001

NA

17.2

:•':•': •:-';-':•':-': •*'*-'' ffii' ''• ''fn-'^iM '• '•'.'• '>"••: ;: •':•'
:':::o>:o:S1.8nOarQx-::x:>:<iî îinii
Ilifliltiii

NA

NA

0.02

NA

NA

0.004

0.9

0.03

0.4

NA

0.01

NA

0.0008

NA

9.7

* NO = not detected; value in parentheses represents one-half the reporting limit.
b Since all measured values were nondetectable, mean, upper-bound, and standard deviation values were not calculated.



Table 3-5. Concentration of (Total Recoverable) Metals in UilloM Creek at Sailing Stations UC-2 and WC-3

•.;.•.-.•. •.•.-.-.•.-.• •.-.:•:•:•:•:•:•:•:•; ••••••••• •:•;-:•••'-••:-;•
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Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Mercury

Nickel

Selenium

Silver

Vanadium

Zinc

Ilinilll

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

!:£:£:£;:::i::£:̂ :::̂
ĴWIi?|l?ilcii|i/ililll|l:Siil̂

ND (0.0025)'

ND (0.1)

ND (0.00025) -0.0023

ND (0.005)

ND (0.025)

ND (0.0025)-0.009

0.2-11

0.002-0.025

0.13-0.35

ND (0.0001)

ND (0.02)-0.03

ND (0.0025)

ND (O.OOOD-0.0006

ND (0.025)

0.9-1.0

llliiiiiiillll
;;:;;i;l!OBt«*t:ion:;;|;:;:s;;;:;:;

0/8 (0%)

0/8 (0%)

7/8 (88%)

0/8 (0%)

0/8 (0%)

5/8 (63%)

8/8 (100%)

8/8 (100%)

8/8 (100%)

0/8 (0%)

2/8 (25%)

0/8 (0%)

4/8 (50%)

0/8 (0%)

8/8 (100%)

ll!fi!l!!if!
i:!;i;§iSSlteato;S:PP;
llillai»W;ll

NA"

NA"

0.0015

NAb

NA"

0.005

3.9

0.014

0.21

NA"
0.02

NA"
0.0002

NA"
0.63

Ililiililli

NA

NA -

0.0013

NA

NA

0.004

2.1

0.011

0.20

NA

0.02

NA

0.0002

NA

0.57

llllil||iirliiiitllll
•:•:•:-:•:-:•:•:-:•: v i''.-:^^^. •** •:»•:•:•:-;•:•:-:-:•:-:•:•:•:•:•mmmfiiiJfMimmm

NA

NA

0.0019

NA

NA

0.007

6.3

0.02

0.26

NA

0.03

NA

0.0003

NA

0.81

lilliiiilll
;;||jS|̂ ;̂tiiiirt|||

liiiitlî Sllil

NA

NA

0.0007

NA

NA

0.004

3.6

0.009

0.07

NA

0.004

NA

0.0002

NA

0.27

* ND=not detected; value in parentheses represents one-half the reporting limit.
b Since all measured values were nondetectable, mean, upper-bound, and standard deviation values were not calculated.



Table 3-6. Concentration of (Total Recoverable) Metals in Spring Branch at Sailing Stations SB-1 and SB-2

Illlliiiiillll
Arsenic

Barium

Cadmi urn

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Mercury

Nickel

Selenium

Si Iver

Vanadium

Zinc

llnlil

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

ND (0.0025)°

ND (0.1)

0.023-0.16

ND (0.005)

ND (0.025)

ND (0.0025)-0.005

ND (0.05)-0.6

ND (0.0015)-0.022

0.03-0.23

ND (0. 0001 )-0. 0004

ND (0.02)-0.05

ND (0.0025)

ND (0.00005)

ND (0.025)

3.2-20

llllliiif
ilill§ll;lS;li;
l:;lKiilgiB̂ ii||;

0/8 (0%)
. , _ .„ . _ __ - —

0/8 (0%)

8/8 (100%)

0/8 (OX)

0/8 (0%)

1/8 (13%)

5/8 (63%)

6/8 (75%)

8/8 (100%)

1/8 (13%)

5/8 (63%)

0/8 (0%)

0/8 (0%)

0/8 (0%)

8/8 (100%)

Ilimspiliii
iiillisiinlssiis
illlti&iiiii

NA"

NA

0.08

NA

NA

0.004

0.25

0.008

0.09

0.0001

0.03

NA

NA

NA

9.9

ll||lii|||||||
illliiiilniplllll
iillCiiliilii;!

NA.
- ———

NA

0.06

NA

NA

0.003

0.15

0.006

0.07

0.0001

0.03

NA

NA

NA

7.8

li;;yp̂ *!pipllt
l;iil;*B̂ llll:l

NA

NA

0.12

NA

NA

0.006

0.38

0.013

0.14

0.0002

0.05

NA

NA

NA

14.5

ilslliiiaiii
Ilii&iPil

NA

NA

0.06

NA

NA

0.003

0.20

0.008

0.07

0.0001

0.02

NA

NA

NA

6.8

' ND = not detected;
b Since all measured

value(s) in parentheses represents one

values were nondetectable, mean, upper

half the reporting limit.

bound, and standard deviation values were not calculated.



Table 3-7. Concentration of (Total Recoverable) Metals in Subsite Ponds at the Baxter Springs/Treece Subsites

;-:::':::̂ :̂ :̂ :::::S;:::::::::::::::::::::-:::':::::::::::::::v
W\-WX:.tt-:^Illlliiiilî lllil

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Mercury

Nickel

Selenium

Si Iver

Vanadium

Zinc

ill
9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

11 1 llliiitiiie'ililllll
1 11

NO (0,0025)"

ND (0.1)

ND (0.00025) -0.032

ND (0.005)

ND (0.025)

ND (0.0025)-0.007

ND (0.05)-1.7

ND (0.0005)-0.10

0.04-0.88

ND (0.0001) -0.0005

ND (0.02)-0.03

ND (0.0025)

ND (0.00025)-0.0046

ND (0.025)

0.054-9.7

Illlliiiiipillll
®m#®$<eMtiWim

0/9 (0%)

0/9 (OX)

7/9 (78%)

0/9 (0%)

0/9 (OX)

1/9 (11X)

2/9 (22%)

4/9 (44X)

9/9 (100X)

2/9 (22X)

2/9 (22%)

0/9 (0%)

6/9 (67%)

0/9 (OX)

9/9 (100X)

lî iiliiiiiilli
liitliilliit
HIM!;!!!

NA°

NA

0.01

NA

NA

0.005

0.3

0.02

0.3

0.0003

0.04

NA

0.002

NA

1.8

ililiilili §
:s;;;:;l;|:;l!leartBS;:i i

NA

NA

0.004

NA

NA

0.005

0.14

0.007

0.1

0.0003

0.04

NA

0.001

NA

0.5

NA

NA

0.02

NA

NA

0.006

0.6

0.04

0.4

0.0004

0.04

NA

0.003

NA

3.7

liiieiiiiiil
Ililftiiiillli

KA

NA

0.01

NA

NA

0.001

0.5

0.03

0.3

0.0001

0.007

NA

0.001

NA

3.1

' Ballard Pond data were not included (see text).
b ND = not detected; value(s) in parentheses represents one-half the reporting limit.

° Since all measured values were nondetectable, mean, upper-bound, and standard deviation values were not calculated.



For those metals detected in stream water, mean concentrations in downstream on-site
sampling locations (i.e., stations TC-2/TC-3; SB-l/SB-2; and WC-2/WC-3 shown on Figures
2-1, 2-2, and 2-3) were compared to metal levels measured at the two upstream locations
(i.e., TC-1 and WC-1). Since there was no suitable upstream sampling station for Spring
Branch, as the entire drainage is located within the subsites, the mean concentration of metals
in the Willow Creek upstream samples (i.e., WC-1 samples) was used for comparison. The
WC-1 data set yielded slightly lower, more conservative numbers although t-test results
indicated that there was no significant difference between the concentration of metals at
upstream stations WC-1 and TC-1. Table 3-8 shows that mean concentration of metals in the
downstream segment of Willow Creek (i.e., WC-2/WC-3) was comparable (within a factor
of three) to the mean concentration of metals upstream (i.e., at WC-1) with the exception of
cadmium and zinc. Mean cadmium and zinc levels measured at WC-2/WC-3 were four times
higher than mean cadmium and zinc levels at WC-1. Mean cadmium and zinc levels
measured in the downstream portion of Tar Creek (i.e., at stations TC-2/TC-3) were 20 and
50 times higher, respectively, than mean levels measured at TC-1, while mean cadmium and
zinc levels measured in the downstream segment of Spring Branch (i.e., at stations SB-l/SB-
2) were 200 and 66 times higher than mean upstream concentrations (i.e., mean of three WC-
1 samples).

3.3 AIR

Both source-term air monitoring and emission modeling were used to assess
concentrations of metals in air. Source-term monitoring was conducted over a seven-day

i

period at potential fugitive dust source locations in both subsites. Analytical results
(particulates, lead and other metals) are presented in Section 4.7 of the Final Draft RI.
Concentrations of paniculate matter less than 10 microns (PM,0) in size were below the 24-
hour-standard of 150 /xg/m3 at all stations during the seven-day sampling period. The
concentration of lead in the PM10 fraction was well below the existing quarterly standard of
1.5 /ig/m3. Arsenic, cadmium, and silica (as silicon) were not detected in any samples. The

I
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Table 3-8. Comparison of Metals Levels Measured (Total Recoverable) at Downstrean Versus Upstrea*
Saapling Locations for Tar Creek. Uillou Creek, and Spring Branch

-Metal-Detected'in '
On-Site Streams

Cadmi urn

Copper

Iron

Lead

Manganese

Nickel

Silver

Zinc

Bean Concentration
at WC-1
(ng/L)

0.0004

0.004

2.7

0.01

0.22

0.02

0.0002

0.15

Mean Concentration
at UC-2/WC-3

(B3/L)

0.0015

0.005

3.9

0.014

0.21

0.02

0.0002

0.63

Mean .Concentration -
at TC-1
(ag/L)

0.001

0.01

10.8

0.03

0.3

0.02

0.0002

0.18

Mean Concentration
at TC-2/TC-3

(09/L)

0.02

0.005

1.3

0.05

0.6

0.03

0.0004

9.2

MesR
Concentration at

S8-1/S8-2
(•g/L)

0.08

0.004

0.25

0.008

0.09

0.03

0.0002

9.9



concentration of copper in PM10 samples ranged from undetected to 0.6 /xg/m3, while
concentrations of manganese, nickel, and zinc were at or below 0.3 /xg/rn3.

For the emissions modeling, the highest concentration of metals in the fine paniculate
fraction (i.e., < 400 mesh or 38 microns) in chat and flotation tailings combined with the
results of air dispersion modeling conservatively estimates the concentration of metals in
ambient air as described in detail in Appendix B of the Human Health Risk Assessment.

i
Since the modeling results were higher than the source-term air monitoring results, the
modeling results were used to be conservative. Using the emissions estimates and our
dispersion modeling, the resultant metal concentrations in ambient air (over the Treece
subsite) were used in the ERA (Table 3-9).

Air monitoring was conducted at both subsites. Treece Subsite dSata were higher due
to the greater preponderance of mill waste on that portion of the subsites. Source-term air
samples were analyzed for arsenic, cadmium, cobalt, lead, manganese, nickel, and zinc. The
results of the 1992 air monitoring program indicated that source-term PM10 and metals
concentrations were well below both National Ambient Air Quality Standards and modeled
concentrations. As a result, modeling data were used versus the monitoring data because the
modeling data, were felt to be more representative of site-wide ambient ;iir conditions.

i

3.4 GROUNI)WATER

Two major aquifer systems, referred to as the shallow and deep aquifers, underlie thei
subsites. The shallow aquifer is comprised of Mississippian limestones, which hosts the lead-
zinc deposits that were mined at the subsites. Based on a residential water supply inventory,
discussions with local water conservancy district personnel and field observations, the shallow
aquifer within the subsites is not used for any beneficial purposes, including domestic, stock,

j
or irrigation. Mine discharge to the surface within the subsites is limited to intermittent flows
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Table 3-9
Estimated Concentration of Metals in Air Over the Treece Subsite"

Arsenic
Cadmium

Copper

Lead
Manganese
Mercury

Zinc

0.35
5.2

13

76

10

0.03

910

Concentrations were estimated using state-of-the-art, EPA-approved
modeling practices as described in the Air Analysis Appendix B of the
Human Health Risk Assessment (Dames & Moore, 1993b). The highest
concentration of each metal detected in the fine particle fraction of
either chat or flotation tailings was used to model air concentrations.

Nanograms per cubic meter (10'3 micrograms).
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from only one mine, the Bruger mine, northwest of Baxter Springs, to Willow Creek. The
Bruger shafts did not discharge during the 1991 RI field activities, and as such neither flow
measurements or water chemistry data are available. KDHE sampling results (1987) indicate
relatively high metal concentrations in the discharge; cadmium 0.002 mg/'L, lead 0.062 mg/L,
and zinc 21.4 mg/L. A discussion of potential impacts on Willow Creek aquatic organisms
resulting from the shaft discharge is presented in Section 8.0. Shallow aquifer contributions
to the lower reaches of Willow Creek and Spring Branch (as seepage from limestones) is
accounted for in subsequent analyses by incorporating data from downstream stations WC-3
and SB-2.

The deep aquifer occurs in Lower Ordovician sandy dolomite and represents the
principal source of water for public, industrial, domestic, and agricultural supplies. Deep
aquifer groundwater data were not used in the ERA, since very little groundwater is available
for ingestion by terrestrial receptors, and sufficient quantities of surface water are readily
available.
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4.0 IDENTIFYING POTENTIAL CHEMICALS OF CONCERN

One of the first steps in the risk assessment process is to identify Chemicals of
Concern (COCs). The COCs for the subsites were expected to be heavy metals associated
with mine wastes and with base metal ore deposits characteristic of the Tri-State Mining
District. A phased screening process was used to identify COCs in on-site media that may
pose adverse: impacts to environmental receptors (i.e., COCs for the human health and
ecological risk assessments may be different). COCs were determin<;d for the following
media:

• Baxter Springs and Treece subsite ponds;
I

« Baxter Springs and Treece subsite streams;

« Agricultural plus A-Horizon (Ag/A) soils;

• Near-Pile (0 to 12 in.) soils; and

• Air.

It was not necessary to determine COCs for mill waste and sediment, since these two
media were not required to estimate dose (and therefore potential adverse impacts) to

i

terrestrial and aquatic receptors. Potential adverse effects to aquatic biola were evaluated by
comparing the measured concentration of COCs in on-site waters to chronic toxicity data.
Fish were the primary aquatic receptor, as they represent an integrator of possible impacts.
If invertebrates and/or periphyton, which serve as a prey base for many fish species, have
been adversely] affected, it is reasonable to assume that fish would also be affected. In other
words, a suitable ("normal") benthic population must exist to support an associated fish
population. This ERA did indirectly assess impacts from sediments by collecting total
recoverable and dissolved water samples and evaluating potential impacts to benthic
invertebrates. Total recoverable concentrations reflect the concentration of COCs in
suspended sediments that filter feeding benthic organisms are likely to ingest. Total
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recoverable concentrations were used in the toxicity assessment to evaluate potential adverse
effects to aquatic biota. Similarly, COCs for mill/mine waste were not derived since these
soils generally lack vegetation suitable for cover and foraging. Therefore, terrestrial
receptors were assumed to be exposed to near-pile soils (or soils contaminated at comparable
levels).

4.1 PHASED SCREENING PROCESS

Selection of COCs involved two phases. The first phase included the screening of
metals after detection limits, detection frequencies, and blank samples were examined, while
the second phase involved comparing estimated metals concentrations in various
environmental media (e.g., air, soil, and water) to media-specific baseline data. Baseline data
from on-site locations were used in these comparisons when available. If local baseline data
were not available, any chemical detected in that medium was considered a COC. As a
result of this process, metals likely to be site-related and detected at statistically significant
concentrations were selected as COCs. In this sense, biota sensitivity to individual
contaminants was not specifically considered in the selection of COCs. Biota were assumed
to be exposed i to all metals whose measured levels onsite were greater than those measured

I

in the appropriate corresponding background sample. Table 4-1 presents the metals analyzed
for in various media at the subsites.

i ->
Detection limits vary depending on the metal analyzed, the analytical instrument used,

and the characteristics of the media being tested. Before any metals were eliminated, it was
necessary to consider that detection limits can vary between sampling events. Therefore,
some metals concentrations may not have been detected in samples from some sampling
events due to varying detection limits. Metals not detected in any of the media samples were
eliminated from further consideration.
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Table 4-1. Metals Analyzed For in the Various Hedia Sanples Collected at the Baxter Springs/Treece Siltsites

Arsenic

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Mercury

Nickel

Selenium

Si Iver

Thallium

Vanadium

Zinc

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

iiiiiiiiiiiiiiiii
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

liilliliiiiiiiiiilisiiiiiiiMiillli;
X

X

X

X

X

X

iii^ij^iimmj
iil{£;:$6i!i$:i;:jBr&l5
Chat/Mill Uaste

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X



Concentrations detected in blanks were then compared with concentrations detected
in site samples. Sample results were considered positive only if the concentration in the site
sample was five times the maximum concentration detected in any blank sample. No metals
were eliminated from the list of COCs during this step, however, since all blank samples
were at concentrations below the detection limits. Hence, blank sample data were not used
to screen COCs.

Metals not eliminated during the first phase of the screening process were compared
to local baseline concentrations. If ^the mean concentration of a contaminant in a giveni
medium was statistically higher (at the 95 percent level of confidence) than its mean level in
baseline samples as determined using a one-tailed t-test, that compound was considered a
COC. If no baseline data for a given medium were available, it was conservatively assumed
that any metal detected in that medium was a COC.

The one-tailed (versus a two-tailed) t-test was used in this evaluation because it is a
more powerful tool for detecting statistically significant increases above a given mean baseline
concentrations.! The one- and two-tailed t-tests are virtually equivalent with the exception that
the alternative; hypothesis is defined differently in each case. In a one-tailed test, the
alternative hypothesis is that metals concentrations are higher in the non-baseline data set
while in a two|tailed t-test, the alternative hypothesis is that metals concentrations are either
higher or lower. In a two-tailed test the significance level (i.e., the probability of a false
positive decision) is usually divided equally between the two alternative hypotheses. In this
case, the one- and two-tailed tests are computationally equivalent. However, a two-tailed test
with a 5 percent significance level is equivalent to a one-tailed test with a only a 2.5 percent
significance level. In general, for a given statistical test and fixed sample size, the power of
the test (i.e., the ability to detect a real difference) is inversely related to the significance
level selected., Therefore, the fixed 5 percent significance level offered by the one-tailed test
makes it a more powerful tool.
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4.2 COCs FOR SOIL

Ag/A and near-pile soil samples were analyzed for arsenic, barium, beryllium,
cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, nickel, selenium,
silver, thallium, vanadium, and zinc. Table 4-2 shows that for Ag/A, mean sample
concentrations were significantly greater than mean baseline (B-Horizon) concentrations for
copper, lead,, !and manganese only. Baseline soil samples were taken from the B-Horizon
layer, which is 14 to 24 inches below ground surface. Metals levels in samples taken from
this depth are naturally occurring and have not been affected by historical mining activities.
Eight baseline; soil samples were collected onsite: three from the Treece subsite and five

I

from the Baxter Springs subsite. Barium, beryllium, mercury, silver, and thallium were
eliminated due to non-detection.

For near-pile soils (Table 4-3), mercury, silver, and thallium were not detected in any
samples. Mean near-pile sample concentrations were significantly greater than mean baseline
(B-Horizon) soil levels for cadmium, cobalt, lead, manganese, and zinc. Thus, these
compounds are considered COCs for soil. The average concentration, standard deviation,
t-values, assumptions used in the one-tailed t-test, and results of this t-test are shown in Table
4-3 for near-pile soils.

4.3 COCs IN SURFACE WATER

COCs for surface water were determined by considering each stream (Willow Creek,
Tar Creek, Spring Branch) individually but all ponds were treated as a group. As a result,i
the three streams and the on-site ponds could have different COCs. Only those results of
stream-water quality that corresponded with aquatic sampling locations were used. All
aquatic biota mainstem sampling stream locations correspond to surface water quality
sampling locations with the exception of aquatic biota sampling location WC-la, which was
situated between surface water quality sampling locations WC-1 and WC-2. All pond data
(excluding Ballard chat-wash pond) were used.
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Table 4-2. The Mean Concentration. Standard Deviation, Calculated and
Table t Statistics, and Results of the t-Test for Agricultural/A-Horizon (Ag/A) Soils

:•:•:• :: : : ;: :: :::;: -x ; : ::'::::x ':•:•: :x": v x •- •-• : •;•:•;•:•£• '•-'•• •'•-'•• '••'•••:•:•:•;• x •>:•:-:•:•: •:•'-•; •:•:•:-;• xi>: •:•:-: •'£ -:•:•:•:•:•:•-•-•••-•-•-•-iiiiin?iiliii!
Arsenic

Cadmi urn

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Nickel

Selenium

Vanadium

Zinc

Iliiiliiliil
i;ii;ii;i;i»J;t:î ii;:;:i;:;l:

7.1

0.4

30.0

7.0

11.0

34,000

17.0

134.0

11.0

0.5

51.0

44.0

|||||i||||j|̂ lBp|||S
i;:;l;;:;l:;ii;ibl:ill;;l||li;i

5.9

0.1

10.2

2.5

3.9

20,368

6.5

113.8

4.4

0.2

15.3

52.7

Iliiiiillliiiil
lililî |Sojri(;Il|::;;

5.6

0.9

31.3

10.8

7.1

29,587

42.0

593.0

10.8

0.4

48.9

156.5

|S|OTl;ltSBpii»nJli:
WJJiiMMMlii

2=6

1.2

17

7.2

3.4

21,841

35.9

396.6

6.7

.01

22.0

198.6

|;i;i:i;Cltcli[itea?ti;:si«iiî iitijiiiiiiii:
-0.85

1.16

0.19

1.41

2.48

-0.47

1.93

3.17

-0.07

-1.13

-0.22

1.56

illiiiiiii
lill»sti$llill

1.72

1.72

1.76

1.76

1.72

1.72

1.72

1.72

1.76

1.76

1.76

1.76

llllii!!̂ l|3:ii*lll

Accept"

Accept

Accept

Accept

Reject*

Accept

Reject

Reject

Accept

Accept

Accept

Accept

" B-Horizon soils were used to represent local baseline conditions.
b STD = standard deviation.
e AG = agricultural soils

" Accept denotes acceptance of the null hypothesis that the sample population mean is not greater than the B-horizon population mean.

* Reject denotes rejection of the null hypothesis that the mean sample population is greater than the B-Horizon population mean; hence that
metal is a COC.

Data are in mg/kg dry weight.



water onsite (CH2M Hill, 1986). Fish that would likely inhabit deeper water of the subsites,
include smallmouth buffalo (Ictiobus bubalus), longear sunfish (Lepomis megalotis), redear
sunfish (Lepomis microlophus), green sunfish (Lepomis cyanellus), common carp (Cyprinus
carpid) and other species typical of midwestern warmwater streams.. Of these species,
longear sunfish, redear sunfish, and green sunfish were collected by Dames & Moore
personnel in on-site streams and ponds during the RI. In addition to these species, bluegill,
spotted sucker, brook silverside, largemouth bass, black bullhead, pumpkinseed, white
crappie, dace, and shiners were collected during the RI. Since many of the streams and
ponds onsite are stocked, the presence of fish not indigenous to this area is possible.

The Baxter Springs/Treece subsite RI aquatic sampling program is the only known
investigation of fish species occurrence within those segments of Tar Creek, Spring Branch,
and Willow Creek that exist on site. However, the KDWP (1992a, personal communications
with Mr. Larty Zuckerman, KDWP) indicated that only certain fish species would be
expected to occur in ephemeral streams of southeastern Kansas. These sj>ecies include yellow

i
bullhead (Ictalurus natalis), black bullhead, green sunfish, blackstripe topminnow (Fundulus
notatus), bullhead minnow (Pimephales vigilax), bluntnosed minnow (Pimephales notatus),
red shiner (Notropis lutrensis), and mosquitofish (Gambusia affinis).

Although the Spring and Neosho Rivers are not technically within tide boundaries of thei
subsites, potential impacts to aquatic organisms in these rivers are evaluated in this
assessment, since they constitute the perennial receiving channels for subsite waters. The
assessment of water quality within the rivers is based on existing data collected by KDHE
(1980, 1987) and discharge data from the USGS (1987).

ii
Both the Spring and Neosho Rivers are inhabited by diverse populations of fish and

benthic invertebrates. Ferrington et al., (1988) reported benthic invertebrates representing
Ephemeroptera
Diptera (flies,

(mayflies), Odonata (dragonflies/damselflies), Megaloptera (alderflies), and
mosquitoes, and midges) occurred within Empire Lake. Within the Spring

River arm of Grand Lake 0' the Cherokees, Aggus et al., (1983) collected spotted gar,
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gizzard shad, carp, river carpsucker, smallmouth buffalo, channel catfish, flathead catfish,
white bass, white crappie, and freshwater drum. The same species, excluding the white
crappie and spotted gar were collected by Aggus et al., (1983) from the Neosho River
downstream from Tar Creek. In addition, longnose gar, shortnose gar, bigmouth buffalo,
green sunfish, warmouth, orangespotted sunfish, bluegill, and longear sunfish were collected
downstream from Tar Creek. Benthic invertebrates collected by Aggus et al. (1983) from
the Neosho River and Spring River included oligochaetes and tubificids (aquatic earthworms),
ephemeropterans (mayflies), Chironomids (midges) and Culicids (mosquitoes).

The Aggus et al., (1983) study site of Tar Creek, within 3 miles of its confluence with
the Neosho River, indicated that a variety of fish and benthic invertebrate species inhabit the
stream. Fish; species collected in Tar Creek included chubs, river carpsucker, channel

i
catfish, killifish, Gambusia sp. (live bearers), brook silverside, white bass, green sunfish,
bluegill, largemouth bass, and white crappie. Benthic invertebrates included mosquitoes, true
flies, beetles, and true bugs.

The Kansas Department of Health and Environment (KDHE, 1992) collected benthic
macroinvertebrates from Willow Creek northwest of Baxter Springs on May 18, 1979. The
major groups of benthic macroinvertebrates represented in the samples include Coleopterans

1
(water beetles), Dipterans (flies, mosquitoes, and midges), Ephemeropterans (mayflies),
Hemipterans ("true bugs"), Odonates (dragonflies and damselflies), and Plecopterans
(stoneflies). |

i
j

2.6 SENSITIJS^E HABITATS AND SPECIES
I
!

Sensitive habitats that may occur within the subsites include habitats critical for the
survival of threatened or endangered (T&E) species and wetlands, both of which are protected
by various legislative acts and executive orders. Potential impacts were; evaluated for T&E
species that do or could occur within the subsites. T&E species lists and critical habitat
descriptions wore provided by the Kansas Department of Wildlife and Parks (KDWP, 1991).
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2.6.1 T&E Animal Species

No federally-listed T&E species are known to occur or have habitat within the areas
impacted by mines (i.e., west of State Highway 66) within the Baxter Springs/Treece
subsites.

The listing of T&E species for Kansas describes nine species which have critical habitat
within the subsite (Table 2-1). The Kansas Non-Game and Endangered Species Conservation
Act (K.S.A. 32:501-502) affords protection of habitat of species that are uncommon or not
widely distributed in the state. Frequently, the species are common elsewhere but are
uncommon in the state because of marginal habitat.

Critical habitat has been defined by Kansas Administrative Regulation as those areas
documented as currently supporting self-sustaining population(s) of any threatened or
endangered species of wildlife as well as those areas determined by Kansas Department of
Wildlife and Parks to be essential for the conservation of any threatened or endangered
species of wildlife. If a proposed project has potential to affect a listed species or its habitat,
the project proponent must contact the Environmental Services Section, Kansas Department
of Wildlife and Parks, Pratt, Kansas.

Of the nine! listed species that have critical habitat within the subsites;, only the northern
spring peeper (Hyla crucifer crucifef) has critical habitat west of State Highway 66 in the
general area where mine and mill deposits have been identified (Figure 2-4). The northern
spring peeper is found in woodlands near small ponds, swamps, and the twilight zone of
caves, east of State Highway 69 running north through Treece. This small frog prefers
woodland ponds, with abundant emergent vegetation, marshes with standing trees, or shrubs

i

during the Marph breeding season. Drainage and clearing of woodland wetlands has
drastically reduced the peeper's preferred habitat.
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Table 4-3. The Mean Concentration, Standard Deviation, Calculated and Table t
Statistics, and Results of the One-Tailed t-Test for Near-Pile Soils (0 to 12 in.)
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* B-Horizon soils Mere used to represent local baseline conditions.

" STD = standard deviation.
0 AG = agricultural soils

" Accept denotes acceptance of the null hypothesis that the mean baseline concentration is not greater than the B horizon mean concentration.

* Reject denotes rejection of the null hypothesis that the mean baseline concentration is greater than the B Horizon mean; hence, that metal is a COC.

Data are in mg/kg dry weight.



Surface-water samples collected from on-site streams and ponds were analyzed for
arsenic, barium, cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury,
nickel, selenium, silver, vanadium, and zinc. Arsenic, barium, chromium, cobalt, selenium,
and vanadium were not detected in any stream or pond samples. Manganese and nickel were
eliminated from the lists of COCs for Tar Creek due to nondetection, while mercury was
eliminated from the list of COCs for Willow Creek and Spring Branch due to nondetection.

As for soil contaminants, metals detected in on-site streams were included in the list
of COCs for the streams only if the mean concentration of metals in baseline streamwater was
significantly less than the mean concentration of metals in on-site streams as determined from
a one-tailed t-test even if the measured concentration of that metal exceeded national Ambient

i

Water Quality Criteria. The average concentration of metals in upstream samples TC-1 and
WC-1 were used to represent local baseline levels for Tar Creek amd Willow Creek,

i
respectively. Since there was no suitable baseline data for Spring Branch, as the entire
drainage is located within the site, the mean concentration of metals in the Willow Creek
upstream samples (WC-1, n=3) was used to represent local baseline levels for Spring Branch.
Upstream surface water sample results for Tar Creek were statistically similar but slightly
higher. The use of Willow Creek upstream data is entirely appropriate in the formulation of

!

a baseline data set for Spring Branch since watersheds are located in the same general area.
i
i

Data from on-site downstream sampling locations (i.e., TC-2 and TC-3 for Tar Creek,
WC-2 and WC-b for Willow Creek, and SB-1 and SB-2 for Spring Branch) were combined
to represent site conditions. Thus, mean metal concentrations in TC-1 and WC-1 were
compared to levels in TC-2/TC-3 and WC-2/WC-3, respectively, while mean concentrations

i
in WC-1 were compared to mean levels in SB-l/SB-2. Sampling locations were combined

i

for several reasons, primarily to increase sample size as 1) the ephemeral systems of the
subsites are dynamic and susceptible to large fluctuations in flow rates and water chemistry,
and 2) to increase the validity of the statistical evaluations required in the toxicity assessment
by using as large a data base as possible. For instance, the downstream TC-3 station on Tar
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Creek at the state line was sampled three times. To increase sample size and make the data
more representative of Tar Creek main-stem on the whole, three sample results from TC-2
were added to form the Tar Creek main-stem data set (n=6); this data set was then compared
to the upstream (baseline) results (n=3) at TC-1 to assess contributions from mill waste. The
combination of sample results for TC-3 and TC-2 is valid because the water chemistry at
these two downstream locations on Tar Creek is essentially the same (mean hardness 269 vs.
366 mg CaCO3/L, mean cadmium 0.012 vs. 0.02 mg/L, and average zinc 8.8 vs 9.6 mg/L).
This combined data set is more representative of the dynamic system that exists at the site.
Since water chemistry is highly dependent on flow rate and since many of the biologic
organisms of concern are mobile, it was appropriate to average the sampling data.
Concentration estimates for the individual sampling locations as well as potential toxicity to
aquatic receptors was evaluated for individual locations using the smaller data sets. These
data are included in the Uncertainty Section (Section 9.0). Toxicity potential was evaluated
by using the average hardness and average metal concentrations for each sample site (instead
of combining the downstream data sets).

The average concentration, standard deviation, t-values, assumptions used in the one-
tailed t-test, and results of the t-test are shown in Tables 4-4, 4-5, and 4-6 for Willow Creek,
Tar Creek, and [Spring Branch, respectively. These data show that for Willow Creek, mean
on-site concentrations were significantly greater than mean baseline concentrations for
cadmium, lead,land zinc. Thus, these metals were considered COCs for Willow Creek.
Levels of manganese and zinc measured onsite in Tar Creek downstream water (i.e., TC-2
and TC-3) were 'significantly higher than concentrations measured at the baseline station, TC-
1. Finally, concentrations of cadmium and zinc detected at sampling station SB-1 and SB-2
were significantly higher than concentration measured at the WC-1 baseline sampling station.
The COCs for each stream are summarized in Table 4-7.
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Table 4-4. The Mean Concentration. Standard Deviation. Calculated and Table t
Statistics, and Results of the One-Tailed t-Tcst for Hi I low Creek

tiliiii!!
Cadmium

Copper

Iron

Lead

Manganese

Nickel

Silver

Zinc

iipiiiiii
lipMuelll
iiliiiiiriMil

0.0005

0.0037

2.73

0.0097

I 0.22

0.02

0.0002

0.15

iiiilisiii:
iiupstreaJtgii
iivaiuelil
iliii/l)li:i?

0.0001

0.002

1.72

0.006

0.021

0.0

0.0001

0.03

i§inli;

3

3

3

3

3

3

3

3

iliiionll
llSileli

mi&tm

0.0015

0.005

3.94

0.014

0.211

0.02

0.0002

0.63

il:;STO;ii;StlSss

lllliilii
0.0006

0.004

3.57

0.085

0.07

0.0035

0.0002

0.27

Si;S;'™™;-S:
Ko:::'*:-x-:-:'f?
™;5.ns:s!

8

8

8

8

8

8

8

8

Calculated
IllP̂ iipl

2.78

0.62

0.55

1.87

-0.27

0.62

0.0

3.01

mmmmmmmF®ll̂ aŝ l
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Upstream station is WC-1.

STD = standard deviation

Mean of levels measured at the downstream stations UC-2 and UC-3.

Reject denotes rejection of the null hypothesis that the sample population mean is not greater
than the upstream population mean; hence that metal is a COC.

Accept denotes acceptance of the null hypothesis that sample population mean is not greater
than the upstream population mean.



Table 4-5. The Mean Concentration, Standard Deviation, Calculated and Table t
! Statistics, and Results of the One-Tailed t-Test for Tar Cret*
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Upstream station is TC-1.

STD = standard deviation

Mean of levels measured at the downstream stations TC-2 and TC-3.

Accept denotes acceptance of the null hypothesis that the sample population mean is not greater
than the upstream population mean.

Reject denotes rejection of the null hypothesis that the sample population mean is not greater
than the upstream population mean; hence that metal is a COC.



Table 4-6. The Mean Concentration, Standard Deviation. Calculated and Table t
Statistics, and Results of the One-Tailed t-Test for Spring Branch
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Upstream station is WC-1. There was no significant difference in t-test rcisults if
concentrations of metals in TC-1 samples were used.

STD = standard deviation

Mean of levels measured at downstream stations SB-1 and SB-2.

Reject denotes rejection of the null hypothesis that the sample population mean is not greater
than the upstream population mean; hence that metal is a COC.

Accept denotes acceptance of the null hypothesis that the sample population mean is not greater
than the upstream population mean.



Table 4-7. Suanary of Chenicals of Concern (COCs) in Surface Uater, Soil, and Air
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Since baseline data for the ponds were not available, any metal detected was
conservatively considered a COC. These metals include: cadmium, copper, iron, lead,
manganese, mercury, nickel, silver, and zinc. The Ballard chat-wash pond was not included
in this evaluation.

4.4 COCsINAIR

Two sets of air data were generated for this analysis. The concentration of mine-
related metals in air was estimated using EPA-approved modeling practices as described in

i
Air Analysis (Appendix B) of the HHRA. The highest concentration of -each metal detected
in the fine particle fraction of either chat or flotation tailings was used to model air
concentrations. Based on modeling results, COCs for air were cadmium, copper, lead,
mercury, and zinc.

A second data set for air was generated from the air monitoring program conducted
during May, 1992. Source-term samples were analyzed for arsenic, cadmium, cobalt, lead,
manganese, nickel, respirable silica as silicon, and zinc. Modeling data were used in the
ERA instead of ithe monitoring data because the modeling data better represented ambient air

i

conditions and modeled values were higher than measured data.
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5.0 EXPOSURE ASSESSMENT

Determining if exposure to site-related contaminants may increase the incidence of
adverse effects in exposed populations is an important step in the risk assessment process.
The objective of this task is to estimate the magnitude, frequency, duration, and route of
exposure to site-related chemicals by ecological receptors. Accomplishing this task involves
completing the following steps:

• Selecting of key ecological receptors;

• Identifying potential pathways of exposure;

• Estimating exposure-point concentrations; and

• Estimating total contaminant intake by receptors.

5.1 SELECTING KEY ECOLOGICAL RECEPTORS

Environmental receptors are those organisms that may have been, are being, or may
be exposed to inetals contamination from the subsites. Environmental receptors are identified
by considering the relevant exposure pathways and the potential or known occurrence of

i
species exposed via those pathways. Species occurrence information was compiled from
studies previously conducted in the Tri-State Mining District (Ferrington et al., 1988; Jobe,
1988; Aggus et]al, 1983; and CH2M Hill, 1986) and from 1991 site-specific investigations
conducted by Dames & Moore.

|

i

Since energy and matter flow through ecosystems in food webs, key species are those
representative of the site food web. A food web describes the transfer of matter and energy
from one trophic level or organism to another. Figure 5-1 depicts a simplified food web for
the Baxter Springs/Treece subsites. Food webs can be delineated in hierarchies or trophic

levels as follows:
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• Primary producers - photosynthetic plants;

• Primary consumers - eat plants (herbivore/granivores);

• Secondary consumers - eat herbivores (carnivores);

• Tertiary consumers - eat other carnivores (top carnivores);

• Decomposers - feed on dead or decaying organisms.

The following criteria were used to select the key species evaluated in the ERA:

• Species that are vital to the structure and function of the food web (i.e., principal
prey species or species that are fundamental food items for principal prey species);

• Species that exhibit a lexicological sensitivity (vulnerability) to the COCs;

• Species that have unique life histories and/or feeding habits;

« Species that commonly occur within potentially-affected areas:;

« Species that are representative of terrestrial, avian, ripadan, and aquatic
communities;

• Species that inhabit Cherokee County and are known or likely to occur within the
subsites;

° Species composed of a mixture of avian, mammalian, and aquatic species designed
to address a variety of life histories, feeding habits, and lexicological sensitivities;
and

i

• Species for which lexicological data are readily available in the scientific literalure.i
i
i

Key receptors used in the risk assessment were selected to minimize the possibility that
other species could be more exposed than the key species by focusing on higher-tropic level
species and food chain effects. The primary focus of the environmental evaluation was on
potential toxicity as well as associated impacts and food chain effects on primary and highert
trophic level consumers, as they would provide sufficient data to assess the general condition
of the ecosystem. The use of these selected organisms was therefore exprcted to adequately
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protect the majority of species potentially inhabiting the subsites, since these receptors are top
predators.

Using these criteria, the following key species representing several different phyletic
groups were identified:

• Barred owl;

• Red-tailed hawk;

• Mink;

• Benthic organisms, principally chironomids (midges) and tubificids (aquatic
earthworms); and

• Fish, principally ictalurids (catfish) and centrarchids (sunfish).

Table 5-1 lists the rationale for selecting each species. Although each key species selected
may not necessarily meet all of the criteria defined above, key species selected collectively
would meet all criteria.

T&E species are not included on the list of key receptors, as they are given separate
consideration. jPotential impacts to T&E species must be evaluated if these species occur
within site boundaries or there is reasonable potential for these species to occur in or use
some portion of the site (i.e., critical habitat exists within the subsites or could be affected
by the migration of COCs from the subsite). As discussed in Section 2.5.1, one state-listed
amphibian has designated critical habitat within mining-impacted areas of the subsites and
eight others have designated critical habitat downstream of the mining areas. This ERA

i
focused on assessing individual-level impacts for those T&E species tltiat could occur in
mining-impacted areas or those species that could potentially be exposed to metals via contact
with surface waters from the mining areas.
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Table 5-1. Key Receptors Chosen to Model Potential Adverse Impacts Associated With Site-Specific
Contanination and the Reasons for Selecting these Species.

liillll̂ iî iiiilllliii
Fish - Cent rarch ids
(Sunfish) and Ictalurids
(Catfish)

Barred Owl & Red- Tailed
Hawk

Mink

Benthic invertebrates
Tubificids (Aquatic
Earthworms) and
Chironomids (Midges)

1. Secondary consumers that contact water and sediments directly (gills are in direct contact with water).
2. Ingests food items and sediment that have also been in prolonged contact with site-related metals.
3. Serves as integrators of aquatic exposures.
4. Substantial toxicology data available.
5. Substantial ecological and behavioral data are available.
6. Are ubiquitous in on-site surface water bodies.

1. Secondary consumers that either frequent or reside within subsite boundaries.
2. Rely on small herbivorous mammals (e.g., white-footed mouse) as primary forage.
3. Known to occur onsite.
4. Representative of the terrestrial avian community.

1. Secondary consumer that is omnivorous and likely to forage on fish inhabiting subsite ponds and streams.
2. Exhibits a toxicological sensitivity to most metals of concern.
3. Substantial scientific data regarding ecology and behavior are available.
4. Known to occur within the subsites.

1. Secondary consumer that consumes periphyton and comes in direct contact with sediments that may contain site-
related metals.
2. Represents a key food species for fish.
3. Substantial toxicological data are available.
4. Known to occur within Cherokee County and/or subsites.
5. Have gills that come in direct contact with water.



5.2 IDENTIFICATION OF POTENTIAL EXPOSURE PATHWAYS

Potential exposure pathways are defined as the route media contaminants follow in
order to reach potential receptors. For an exposure pathway to be considered complete, it
must have a source, mechanism(s) of contaminant release, a retention and transport medium,
a point of potential biota contact, and an exposure route at the contact point. Sources of
metals in the subsites, as they pertain to ecologic receptors, include the mined/milled
materials deposited on the subsite surface and subsite soils, and sediments. Figure 5-2, a
simple site conceptual model for the Baxter Springs/Treece subsites, depicts relevant transport
mechanisms.

While metals in subsite source materials may be transported to on- and off-site
locations through a variety of mechanisms, they are primarily transported from source
materials either in mass [erosion or cultural redistribution (i.e., chat hauling, regrading, etc.)]
as windblown dust or waterborne sediments, or leached out as metallic ions and transported
by water to soils and surface water. Overall, increased metals content in soils near mill waste
piles was attributed to: (1) windblown transport of mill wastes as fugitive dust; (2)
distribution of jwaste material or metallic ions to soils via seepage and/or runoff; or (3)
redistribution to near-pile soils by physical means.

Since soils and mill wastes are relatively fine-grained, they represent potential sources
of windblown dust. Agricultural fields, chat piles, unprotected tailings deposits, and chat-
covered roads are the primary dust sources in the subsites. Neither mine wastes
(development and waste rock piles), revegetated near-pile soils, or flooded tailings
impoundments are significant sources of dust.

5.2.1 Terrestrial Pathways

Potential routes by which terrestrial receptors could be exposed to mine-related metals
include: (1) inhalation of fugitive dust; and (2) ingestion of soil, mine waste, vegetation,
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prey, and/or surface water. While incidental ingestion of soil during grooming or foraging
was evaluated, dermal absorption was not considered a complete exposure pathway for
terrestrial receptors, since the COC metals are not readily absorbed through the skin.
Inhalation of vapors was not quantified, as the metals of concern do not volatilize at ambient
temperatures. Ingestion of vegetation was not evaluated since neither the owl, hawk, or mink
consume substantial quantities of vegetation. Exposure pathways that were evaluated and the
rationale for selecting these pathways are summarized in Table 5-2 for terrestrial receptors.

5.2.2 Aquatic Pathways

Exposure pathways relevant to the aquatic receptors present within on-site streams and
ponds consist of two components: surface waters and sediments. Table 5-3 presents
exposure pathways that were evaluated. Potential exposure routes for fish inhabiting on-site
surface water bodies are limited to respiration (i.e., uptake of metals over the water/gill
interface) and ingestion of contaminated food (prey) and sediment while foraging. Benthic
invertebrates ajid bottom-feeding fish tend to take up metals by respiration, by feeding on
algae attached to substrate particles, and by inadvertent ingestion of sediment during feeding.

i
Therefore, some metals contained within the sediments may be retained by benthic
invertebrates and consumers of these organisms, which are found in small ponds and shallow
areas of streams (CH2M Hill, 1986). Exposure pathways evaluated in the ERA and the
rationale for selecting these pathways are summarized in Table 5-3 for aquatic receptors.

!

I

5.3 ESTIMATING EXPOSURE POINT CONCENTRATIONS
I

The exposure scenario that frequently serves as a basis for risk management in ERAs
is the worst-case exposure scenario, which is defined as the highest exposure reasonably
expected to occar at a site (USEPA, 1989g). The intent of the worst-case scenario is to
provide a conservative (health-protective) estimate of potential impacts to exposed organisms.
Since the worst-case scenario uses a combination of conservative (health-protective)
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Table 5-2. Exposure Pathways to be Evaluated for Terrestrial Receptors'

tlilllilliiill̂
Dermal absorption of soil

Ingest ion of soil

_ Inhalation_(vapor.s)

Inhalation (participates)

Ingest ion of prey

Ingest ion of vegetation

Ingest ion of ground water

Ingest ion of surface water

llĵ iliilsfcisî iilsllii
No

Yes

- - - --No

Yes

Yes

No

No

Yes

Metals are not readily absorbed through integunent.

Incidental ingest ion while foraging or grooming is possible.

Metals of concern-do not volatilize at ambient temperatures.

Resuspension of particulates via wind may occur.

Prey may accumulate metals.

Neither the owl nor the hawk consumes substantial amounts of
vegetation. Mink are opportunistic feeders that consume small
mammals, birds, aquatic organisms, and eggs but are not known to
consume vegetation (Burt and Grossenheider, 1976).

Access to ground water by terrestrial receptors is limited to
springs. There are few springs onsite, and there is so much
surface water available, there is no need for receptors to
specifically seek out ground water. Hence, terrestrial receptors
are assumed to drink surface water exclusively.

Access to surface water is likely and on-site water bodies may be
contaminated from mill waste seepage and/or runoff.

° Every exposure pathway indicated in Figure 5-2 was not evaluated; only the major pathways were evaluated.



Table 5-3. Exposure Pathways to be Evaluated for Aquatic Receptors*

::::S:3:'::S:-:':::::::̂::;:tt:':*:':::::':'S:̂^

Ingest ion of sediment

-Dermal contact with surface water

Ingest ion of prey

Uptake across the gill membrane

iiliwiiî iiiiii
No

Yes

Yes

Incidental ingest ion of suspended or bottom sediments
while foraging was not expected to be a significant
exposure pathway relative to the direct transfer across
the gill membrane.

It is unlikely that substahtiaT amounts of metals would
penetrate the dermal or chitinous layer of most
organisms. Since aquatic organisms are likely to receive
most of their metals dose from exchange across the gills,
dermal uptake of metals was not quantified.

Prey may accumulate metals of concern.

Aquatic organisms can accumulate metals at levels much
higher than those measured in the surrounding water.

' Every exposure pathway indicated in Figure 5-2 was not evaluated; only the major pathways were evaluated.



assumptions and data, it is expected to overestimate actual risks. The rationale for evaluating
the worst-case: scenario, however, is that the risks estimated using this approach represent the
highest risk to which any population living near the site is likely to be exposed. Thus, risks
to any receptor are not likely to be greater than those estimated assuming worst-case
conditions.

The exposure point concentration used to estimate worst-case exposures was the upper-
bound (95th percentile) confidence limit on the arithmetic mean. Upper-bound concentrations
were calculated using a one-sided confidence limit for the arithmetic mean (Gilbert, 1987) as
demonstrated in the following equation:

UCL = x + t i - , , - - (5-1)

Where

x = the arithmetic mean;

s = the standard deviation;
i

n = sample size; and

t = the critical value of t for n-1 degrees of freedom at the 95 percent level of
confidence.

It is important to recognize that if a small data set is highly variable, the upper-bound
i • . -

concentration, as derived using equation 5-1, may exceed the maximum value. In this case,
EPA (1989d) recommends use of the maximum observed concentration as the worst-case
estimate. To calculate upper-bound exposures, it was assumed the data were normally
distributed per EPA (1989d) guidance.
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Because of the uncertainty associated with estimating the extent of exposure to site-
related metals, two exposure scenarios were developed. The use of single-value estimates,
especially upper-bound analyses, does not provide adequate information to risk managers who
must evaluate ecological risks. Consequently, a second, more plausible, exposure scenario
was also used. The reasonable maximum exposure (RME) scenario uses arithmetic mean
concentrations and less conservative exposure assessment assumptions to characterize
ecological exposures. Both scenarios assume that all nondetectable values were equal to one-
half the reporting limit. Details on the exposure assumptions used to quantify each scenario
modeled are given in Section 5.4.

5.3.1 Exposure Point Concentrations for Air

The modeled air concentrations presented in Table 5-4 were used to estimate inhalation
exposures by ecological receptors. These concentrations were estimated using the highest
concentration of metals in the fine paniculate fraction [#200 mesh (0.002,9 inches) or finer]
of either chat or flotation tailings. The concentration of metals in air over the Treece subsite
was modeled, since it has a higher number of waste piles than the Baxter Springs subsite.
The calculations used to estimate air concentrations are presented in Section 6.4.1 and
Appendix B of the Human Health Risk Assessment (Dames & Moore, 1993b).

5.3.2 Exposure Point Concentrations for Surface Water

i
Although terrestrial receptors could ingest surface water and ground water (where it

reaches the surface as springs), terrestrial receptors were assumed to consume surface water
i

exclusively since (1) very little ground water relative to surface water is available for
ingestion by terrestrial receptors, and (2) sufficient quantities of surface water are readily
available. Data from on-site streams and ponds (i.e., Tar Creek, Willow Creek, Spring
Branch, seven tailings ponds, and two subsidence pits) were used to estimate metal intake by
terrestrial receptors from ingestion of surface water (Table 5-5). Only surface-water quality
results from streams included in the aquatic biota investigation were considered in the
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Table 5-4. Concentration of Selected Netals in Air
Modeled Over the Trecce Subsite*

s^lsS^mi^imS^i^£S\l^^im!l^Km^

Cadmium

Lead

Zinc

^^^^^^^^•^•:-^::-'-^--:--':-:-<<:':---^---^:---

-:::::-::::'CCttid€ntpiatJ6i:1:::::1:h::::;A:f:i

5.2 x 103

7.6 x 102

9.1 x 10'

Concentrations in air estimated using dust emissions estimates and air
dispersion modeling. See Appendix B of the Human Health Risk Assessment
for a detailed description of modeling methods. These concentrations were
used to estimate exposures for the red-tailed hawk, the barred owl, and the
mink. Although copper and mercury were identified as COCs for air, these
data were not used to estimate exposure by terrestrial receptors, since
levels of cadmium, lead, and zinc only were measured in mice and fish
(see Section 5.3.3). Hence, only levels of these metals were included here.



exposure point assessment. These streams were assumed to represent the majority of waters
ingested by potential receptors, since they could support diverse aquatic community.
Upstream data (i.e., data collected from the control or reference sampling locations) were not
used, since the objective of the ERA is to evaluate potential impacts to aquatic and terrestrial
organisms from exposure to site-related metals. Upstream sampling locations were not
impacted by site-related metals.

Ballard Pond data were not used because the pond is located within a commercial chat
processing complex which does not constitute usable habitat for aquatic or terrestrial
organisms. Chat washing at the Ballard operation has altered the water chemistry of this
tailings pond by increasing metals concentrations above that observed in any other tailings
pond in either subsite, specifically with respect to cadmium and lead. This increase is
thought to stem from the continual leaching of metals from chat fines and from periodic input
of make-up water from the nearby Ballard well, which draws ground water from the lower
zone of the shallow aquifer. Physical conditions at this chat wash pond do not favor the
establishment of aquatic populations. The pond water level was observed to fall precipitously
during the summer of 1991, in part because of increased evaporation during the recycle
process and seepage from the impoundment. Mine water from the Ballard well was pumped

i

in to maintain the water level in the pond. After chat washing operations cease, the metalsi
concentrations should drop as a result of dilution to levels similar to those observed in other
tailings ponds, i Physical limitations will limit the establishment of aquatic life in the pond ini
the future, as th'e pond will most likely dry out completely during the summer months.

5.3.3 Exposure Point Concentrations for Prey

It was assumed that the barred owl and the red-tailed hawk consumed only white-
footed mice. This assumption is conservative and implies that all small mammals consumed
by key terrestrial receptors would be contaminated at comparable levels. The upper-bound
(95th percentile) and arithmetic mean concentration of lead, cadmium, and zinc in whole mice
collected onsite; were used to model intakes by the barred owl and the red-tailed hawk (Table
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Table 5-5. Concentration of COCs in Subsite Surface Water

Cadmi urn

Copper

Iron

Lead

Manganese

Mercury

Nickel

Silver

Zinc

Illlllllll

31

il

31

31

31

9"

31

1ZC

31

Illlliiillliilillll
ND (0.00025)-0.16

—— ND <0;0025)-0;01-

MO <0.05)-11

ND (0.0005)-0.10

0.03-1.1

ND (0. 0001 )-0. 0005

ND <0.02)-0.05

ND (0.00005)-0.005

0.054-22.0

||;i(it||||P||l|Jil|̂ l||
iil̂ TOSiBt̂ 8tlJPni?lS:S:S

0.03

0.005

1.5

0.02

0.3

0.0003

0.03

0.001

5.0

lil̂ iiiiil̂ î illiiiliiî ii
:-:•:•:•:-:• x-x v '•<:'•; ••'•]• :•:•:':';•;: •!» j£ l̂v '» « '••'• \ii':' :•: -:' :':-:':•:-:•:':':•:•:' f •'.•'•'•:'• :': ::'mmrnms$i3JMm®mmmm

0.04

- -- 0.007

2.4

0.04

0.43

0.0004

0.04

0.003

7.1

° Concentrations are based on measured data from Tar Creek (n=6). Spring Branch (n=8).
Willow Creek (n=8), and the ponds (n=9). These data were used to estimate exposures to
the red-tailed hawk, barred owl, and the mink and to evaluate the toxicity of surface water
to benthic invertebrates and fish.

b Detected in the ponds only.
0 Detected in the ponds and in Tar Creek only.

ND = not detected. Value in parentheses represents one-half the reporting limit.



Table 5-6. Concentration of Selected Metals In Whole Nice From All Sanples Collected Siteuide

Cadmium 10 0.03-3.3 0.8 1.2 1.5

Lead 2.2 2.2 3.7

Zinc 10 29.2-48.2 35.6 6.5 39.4

Concentrations are based on measured data from Baxter Springs and Treece subsites, control site not included.
These data were used to estimate exposures by the red-tailed hawk, barred owl, and the mink. All data are on
wet weight basis.



Table 5-7. Concentration of Selected Metals In Uhole Body Fish Tissue from All Samples Collected Sitewide

i iiilitiilli i: i-xov'xvx": 7: •:•:•:•:• :-:-::r:x:::x:: :•:-:':

Cadmiun

Lead

Zinc

iiiiiiiiiii
31

31

31

lllllllillllllllllllllll
^̂ lll;i?iRiSiiplisiiill:
Mllllliiillllii

0.01-1.0

0,07-22

14.6-373

iil:|Riliii!ci:;i*Bianll
ilic|«i«̂ lsJi;liiil
lijllllliĝ lijliillllii:

0.2

3.5

92.2

0.2

5.1

74.4

l)p r̂-B6und Concentration
llilllliiii/iSftllillli

0.3

5.1

114.9

Concentrations are based on measured data from Tar Creek, Spring Branch, Willow Creek, and the ponds. These data were
used to estimate exposures to the mink. All data are on a uet weight basis.



5-6). The mink was assumed to consume 50 percent fish taken from on-site surface water
bodies and 50 percent mice taken from all on-site sampling locations, excluding reference
locations. This assumption is reasonable, given that its home range is 171 to 450 acres
(Eisler, 1987), while the areas impacted by mine waste are 430 acres and 735 acres for the
Baxter Springs and Treece subsites, respectively. The upper-bound and arithmetic mean
concentration of lead, cadmium, and zinc in whole mice and fish taken from on-site water

i
locations were used to model intakes by the mink (Tables 5-6 and 5-7, respectively). Whole
body mice and fish samples were analyzed for cadmium, lead, and zinc only, as data
available at the time of sampling and analysis suggested these chemuials were the most
abundant and potentially toxic of the mining-related chemicals that might accumulate in

i

ecological receptors. Thus, dose estimates for the three key terrestrial receptors were
developed for cadmium, lead, and zinc only. The uncertainty associated with excluding other

i
metals that were COCs in air, water, or soil is discussed in Section 9.0.

5.4 EXPOSURE (DOSE) ASSESSMENT

Determining if exposure to site-related contaminants may increase the incidence of
adverse impacts in exposed populations is an important step in the risk assessment process.
The objective of this task is to estimate the magnitude, frequency, duration, and route of
exposure to site-related chemicals by ecological receptors. Accomplishing this task involves
estimating total contaminant intake by potentially-exposed receptors for relevant pathways of
exposure using the previously defined exposure-point concentrations.

5.4.1 Terrestrial Receptors

Each of the three key terrestrial receptors were evaluated separately. Potential
exposures for these key species were determined based on the species' life history and feeding
habits. Quantisation of exposures involves using species-specific numerical exposure factors
including body
consumed from

weight, ingestion rate, and fraction of prey, water, arid soil/mine waste

the contaminated area. Exposure factors used to model intakes by key
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Table 5-8. Exposure Parameters Used to Model Intakes by Terrestrial Predators

Body weight*

-Food-Ingest-ion-Rate- - - - - - —

Water Ingestion Rate0

Inhalation Rate"

Soil Ingestion Rate

lilll:ll;)iililiiiiillli:l!:|||

1.32 kg

- 0.135 kg/day

0.045 L/day

0.6 Ri3/day

o.oor

IsillliitlliSrjirjiSsS l̂llillWl

0.74 kg

0.09 kg/day

0.03 L/day

0.3 m3/day

0.005 kg/da/

I|llî ll:;llllli:î ll;llllllillll

1.5 kg"

O.Z3 kg/day"

0.08 L/day

0.45 m3/day

0.002 kg/day*

Source: Cedar Creek Associates, Inc., 1992. Personal Communications. Body weights were not measured during field studies;
hence, body weight values listed in this table were obtained from a certified wildlife biologist.

Value is for the male mink.

Assumes that water ingestion rate is one-third of total daily food intake as reported for waterfowl by Kenaga (1973).

Since species-specific data were not available, inhalation rates were derived from data available for the rat using
an inhalation rate-to-body weight ratio. Rat inhales 0.2 m3/day and weighs 0.5 kg. Although these values may seem subjectively
determined, the reader should keep in mind that the concentration of COCs in air is small, as is the total contribution via
inhalation to total daily intake of COCs by terrestrial receptors.

Soil ingestion rate was assumed to be 10 percent of food ingestion rate, since raptors consume entire prey
(i.e., pelt).

Soil ingestion rate was assumed to be 2.8 percent of food ingestion rate, since the mink was assumed to consume primarily
fish (i.e., incidental ingestion of soil while grooming was assumed to be 1 percent of food intake rate) (D. Hark
Doolan, EPA, Region VII, personal communication, January 27, 1993).



species are presented in Table 5-8. Two different dietary scenarios (worst-case and RME
scenarios) were evaluated for each key species.

5.4.1.1 Dose Estimates for the Red-Tailed Hawk and the Barred Owl

Potential routes of exposure for the red-tailed hawk and the barred owl include
ingesting contaminated prey (the white-footed mouse as surrogate), inhaling subsite air,
incidentally ingesting soil while foraging or grooming, and ingesting contaminated surface
water. Intakes <(mg/kg-day) were estimated using the following equation:

I = (CMxOMxFD + (CAxOAxFfl + (CSxOSxFL + rCWxOWxFD (5-2)
BW

where:
CM = the measured concentration metal in whole body mice (mg/kg);
QM = the quantity of mice ingested (kg/day);
CA = the predicted concentration of metal in air over Treece (mg/m3);
QA = the quantity of air inhaled (nWday);
CS = the measured concentration of metal in near-pile soils (mg/kg);
QS = the quantity of soil ingested (kg/day);
CW = the measured concentration of metal in on-site surface water (mg/L);
QW = the quantity of water ingested (L/day);
FI = the fraction of material inhaled or ingested from the subsites; and
BW = species-specific body weight (kg).

j
i

Values for QM, QS, QW, and QA are specified for each terrestrial species evaluated
in Table 5-8, while the concentration of metals in air, surface water, whole body mice, and
soil used to quantify intakes are listed in Tables 5-4 through 5-6 and Table 3-3, respectively.
Although ingcstion of vegetation is a potential exposure route for the raptors, the intake of
metals from ingesting potentially-contaminated vegetation was not quantified, since the owl
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and hawk do not consume substantial amounts of vegetation. Dose calculations (spreadsheets)
for all terrestrial receptors are included in Appendix A. The following assumptions were
made to model exposures by the red-tailed hawk and the barred owl assuming worst-case
conditions. Justification for the assumptions for modeling worst-case and RME intakes are
based on best professional judgment corroborated by a technical review of the available
literature and consultation with certified wildlife biologists.

• All mice samples (i.e., samples collected from throughout the subsites excluding
reference sampling locations; n = 10) were used to model intakes. The upper-
bound (95th percentile) concentration of the three metals evaluated in whole body
mice samples from all on-site sampling locations (excluding reference locations)
(Table 5-6) was used to model intakes by raptors.

• The red-tailed hawk and the barred owl were assumed to obtain 100 percent of
their: prey (mice) from impacted areas (i.e., fraction of prey consumed from the
contaminated area is 1.0). This assumption is conservative since the home range
of the red-tailed hawk is 210 to 1803 acres with a median value of 1000 acres
(Johnsgard, 1990), while only 430 acres and 745 acres within the Baxter Springs
and Treece subsites, respectively, have been impacted by mine: waste. Thus, it is
reasonable to assume that the hawk would forage only over mining-impacted areas.
The home range of the owl is 1913 to 8200 acres (Johnsgard, 1990). The owl's
relatively large home range indicates it is likely to forage over an area bigger than
the mine-related areas onsite.

0 100 percent of the air inhaled by the red-tailed hawk and barred owl was assumed
to be! subsite air. Since it was assumed that air throughout the; subsites contained
equivalent levels of metals, FI values for inhalation correspond to those used to
model prey ingestion intakes. Data used to estimate exposure:* via inhalation are
the modeled concentrations in air over the Treece subsite (Table 5-4).

I

Raptors were assumed to obtain 75 percent of their daily water requirements from
ingesting prey. Hence, only 25 percent of the water taken in comes from ingestion
of onj-site surface water. This assumption is conservative, since it is unlikely that,
on th'e average, raptors would obtain 25 percent of their total water intake from
direct ingestion of water. The upper-bound concentration of metals in on-site
surface water bodies presented in Table 5-5 were used.

• The fraction of soil incidentally ingested (e.g., while grooming) was assumed to
be 10 percent (i.e., 90 percent of the soil taken in by raptors was assumed to
originate from the ingestion of prey). This assumption is reasonable, since the
whole body concentrations for the mice used to estimate raptor doses include the
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pelt and any associated soil adhering to the pelt. No hair was removed nor were
the mice brushed or cleaned prior to laboratory tissue analysis. The upper-bound
concentration of metals in near-pile soils listed in Table 3-3 v/ere used to model
intakes from incidental ingestion of soil. Terrestrial receptors were assumed to
range exclusively over near-pile soils (or other soils contaminated at comparable
levels). This assumption is conservative because the home ranges of the owl and
the hawk are larger than the area covered by near-pile soils. For example, if a
mean weight-average zinc concentration had been used, which takes into account
the relative areal distribution of mill waste, near-pile soils and agricultural ground,
the mean zinc concentration of home range soils would be 162.5 mg/kg versus the
mean concentration of zinc in near-pile soils of 710 mg/kg.

The following assumptions were used to model the RME (reasonable likely exposure)
scenario:

The concentration of metals in mice tissue was the arithmetic mean level of all
samples collected site-wide (excluding samples taken from reference locations)
(Table 5-6).

75 percent of the raptor's forage consists of small mammals that originate from
impacted areas (FI = 0.75). Because the home range of the hawk is larger than
the area impacted by mine waste, it is feasible that the hawk could forage over
nonnjining-related areas. Given the large home range of the owl (1900 to 8200
acres) relative to mining-related areas (430 acres for Baxter Springs and 745 acres
for Treece), it is reasonable to assume that the owl would obtain only a fraction
of its! prey from mining-impacted areas. These assumptions in combination with
the use of arithmetic mean metals levels in prey represent logical RME conditions.

75 percent of the air inhaled by hawks and owls is assumed to be subsite air (see
worst-case assumptions for justification) (Table 5-4).

ii
It was conservatively assumed that raptors obtain 90 percent of their daily water
requirements from ingesting prey (i.e., FI for water ingestion = 0.10). In
addition, arithmetic mean surface water concentrations were used to model RME
intakes (Table 5-5).

The fraction of soil incidentally ingested was assumed to be 0.1 (i.e., raptors
obtain 90 percent of the soil taken in from ingestion of contaminated prey). The
arithmetic mean concentration of metals in near-pile soils listed in Table 3-3 was
used. (See worst-case assumptions for justification of the use of near-pile soil
data.)
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The assumption that mouse tissue was 100 percent of the predator's diet implies that
any other prey consumed by predators contain cadmium, lead, and zinc at levels comparable
to those measured in the whole body mice samples. White-footed mouse samples were used,
since mice are an important food base for higher trophic level organisms (predators). The
barred owl's diet consists primarily of small woodland rodents (e.g., white-footed mice) and
the red-tailed hawk's diet consists of a variety of small rodents (Cedar Creek Associates,
1992). Dose estimates assumed 100 percent absorption and assimilation of metals.

Example Dose Calculation for the Red-Tailed Hawk

, _ (OtfxQgfxFJ) + (CAxQAxFJ) + (CSxQSxFI) + (CWxQWxFI) is 2)
Bff

Worst-Case Intake of Lead = (3.7 mg/kg * 0.135 kg/day)
[f (0.04 mg/L * 0.045 L/day * 0.25)
+ (7.6xlO-5 mg/m3 * 0.6 mVday * 1.0)
+ (113.9 mg/kg * 0.014 kg/day * 0.1)
= 0.50 mg/day + 4.5X10"4 mg/day -I- 4.6xlQ-5 mg/day H- 0.16 mg/day
= 0.62 mg/day / 1.32 kg = 0.50 mg/kg-day

Table 5-9 data show that both raptors are likely to ingest more zinc than cadmium or
i

lead and that ingested quantities of cadmium and lead are similar.i
I

5.4.1.2 Dose Estimates for the Mink
I
j '

The mink was assumed to ingest subsite fish and mice, inhale subsite air, drink subsite
surface water, and incidentally ingest near-pile soils while grooming. Again, calculated
intakes were conservatively expressed as the amount of metal actually taken into the body
using Equation 5-2 by assuming that the mink's diet is 50 percent fish and 50 percent mice.
The measured csncentration of metals in whole body fish (CF) and mice (CM) were used to
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Table 5-9. Dose (Intake) Estimates for Terrestrial Receptors

PlllillllSWlllllllllll
;̂ iiliiî Pi;:i|p;;̂ ilsl:l

WORST -CASE SCENARIO

..Cadmium _____ ————— —

Lead

Zinc

- ., - -0.16

0.50

5.15

0.19

0.59

6.07

0.19

0.96

16.5

RME SCENARIO

Cadmium

Lead

Zinc

0.07

0.26

3.50

0.08

0.31

4.1

0.11

0.63

13.6



model intakes. Since mink are opportunistic feeders that consume small mammals, birds,
aquatic organisms, and eggs but are not known to consume vegetation (Burt and
Grossenheider, 1964), exposures to metals from the ingestion of potentially contaminated
vegetation were not quantified. Dose calculations (spreadsheets) for all terrestrial receptors
are included in Appendix A. Similar assumptions were used to estimate dose by the mink
for the worst-case and an RME scenarios. The following assumptions were made to model
a worst-case scenario:

Mink were assumed to consume prey from the subsites only, which assumes
that all fish and mice eaten are contaminated at levels comparable to those
found in on-site fish and mice. Consumption of fish was assumed to account
for 50 percent of the mink's total prey intake. This assumption is reasonable
given the home range of the mink is 171 to 450 acres (Eisler, 1987), while
the areas impacted by mine waste are 430 acres and 735 acres for the Baxter
Springs and Treece subsites, respectively. Thus, it is reasonable to assume
that the mink would forage exclusively on on-site prey (mice and fish).

The upper-bound (95th percentile) concentration of metals used was the
measured level in whole body fish and mice taken throughout the subsites
(except reference sampling locations) (Tables 5-6 and 5-7). Consumption of
mice was assumed to account for the remaining 50 percent: of the mink's total
prey intake.

100 percent of the air inhaled by the mink is assumed to be subsite air. Data
used to estimate exposures via inhalation are given in Table 5-4.

i
50 percent of the water ingested by the mink is on-site surface water and 50
percent of the water ingested comes from ingesting on-site prey. This
assumption is based on the premise that the mink would spend more time than
other terrestrial predators (i.e., raptors) in or near surface water, since 50
percent of its diet is aquatic organisms. The upper-bound concentrations of
metals in on-site surface water bodies presented in Table 5-5 were used.

The fraction of soil incidentally ingested was assumed to be 10 percent, since
it was assumed that only 50 percent of the mink's diet is terrestrial prey,
which assumes that mink do not ingest large amounts of soil while grooming
or foraging (i.e., the majority of soil ingested is that associated with their
terrestrial prey). The upper-bound concentration of metals in near-pile soils
listed in Table 3-3 were used.
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The following assumptions were used to model intakes by the mink under a RME
scenario:

« As for the worst-case scenario, mink were assumed to consume prey from the
subsites only. For the RME scenario, however, the arithmetic mean
concentration of metals in the whole body fish and mice from all samples
collected site-wide (Tables 5-6 and 5-7) were used to quantify intakes. Since
the mink consumes many fish over a lifetime, the concentration of metals in
fish eaten by mink is more likely to approximate the arithmetic mean
concentration of metals measured in on-site fish rather than upper-bound
levels.

• 100 percent of the air inhaled by mink is subsite air. Data used to estimate
exposures via inhalation are given in Table 5-4.

• 50 percent of the water ingested is on-site surface water (I.e., equal amounts
of water needed by the mink come from ingesting prey). The arithmetic mean
concentrations of metals in on-site surface water bodies presented in Table 5-5
were used.

• The fraction of soil incidentally ingested was assumed to be 10 percent. The
arithmetic mean concentrations of metals in near-pile soils listed in Table 3-2
were used.

Example Dose Calculation for the Mink

+ (CFxgfxJT) * (CMxgAxfT) * (CSxQSxFI) + (CtfxQffxFI) (5.3)
BW

Worst-Case Intake of Lead

= (3.7 mg/kg * 0.23 kg/day * 0.5)
+ (5.1 mg/kg * 0.23 kg/day * 0.5)
+ (0.04 |mg/L * 0.08 L/day * 0.5)
+ (7.6xlO-5 mg/m3 * 0.45 m3/day * 1.0)
+ (113.9 mg/kg * 0.006 kg/day * 0.1)
= 0.4 mg/day + 0.6 mg/day + 2xlO'3 mg/day + SxlO'5 mg/day + 0.07 mg/day
= 1.1 mg/day / 1.125 kg = 0.96 mg/kg-day.

5-26

B:\Eosec5.fd (03/24/93)



Dose estimates for the mink are given in Table 5-9. These data show that all three receptors
are likely to ingest more zinc than cadmium and lead, and that the mink i:s expected to ingest
substantially more of all three metals, as a whole, than raptors. This finding is largely due
to the fact that the mink has a higher food/water/soil intake-to-body weight ratio than the
raptors and that the fish consumed by the mink, which are not eaten by the raptors, generally
contain higher levels of metals than mice.

5.4.1.3 Evaluation of White-Footed Mouse Data

Dose (intake) estimates for the white-footed mouse were not calculated since body
i

burden (tissue concentrations) were measured in mice collected from the Baxter
Springs/Treece subsites. EPA had previously agreed (July 24, 1991 meeting) that focusing
on primary and higher-level consumers would provide sufficient data to assess the general
condition of the terrestrial ecosystem. The original purpose of collecting mice tissue samples
was to estimate dose (intake) by higher trophic level organisms, not to quantify effects on
mice. As a result, the mice body burden data are used here to qualitatively discuss potential
impacts to mice since field data are not available to quantify intake parameters.

Body burden data for whole-body mice collected from the subsites were compared to
body burden levels from reference areas to determine if metals levels in on-site mice are
elevated relative to the concentration of metals measured in reference samples. The mouse
data listed in Table 5-10 represent the total concentration of metals including the pelt and any
associated dirt/soil. Since it is impossible to tell from the way the mice samples were
analyzed how much of the reported concentration has actually accumulated in mouse tissue
and how much |Was associated with the pelt and/or the gut, a comparison of the measured
concentration of metals in mice with body burden levels reported to cause toxic effects in
mice is not appropriate. The reference area within Cherokee County, was sampled during
the RI field activities, while the non-Cherokee County sites are control samples collected from
other mining areas (i.e., northern Idaho and central New Hampshire). In these cases, the
mice were taken from control areas (not mine-impacted areas) within site boundaries.
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Table 5-10. Comparison of Concentrations of Metals in Whole-Body Nice Tissue Sanples
(Uet Weight) Collected fro* the Baxter Springs/Treece Subsites with the Metals
Levels in Whole Samples Taken from Various Reference Locations

x-:->X':-x*x*:-:-:-x-x*:*x-:-:^ .:•:-;-:-: •:•:•:•
vX-i-x-x-XvX'X-XvXvXvXv I-:-:-:-:-:-:-:-:-:-:-:-:-:-: •:•:•:•:•:-:.:.:.:•:•:•:•;•:•;•:•:•;-:-:•:•:•:•:•:- :¥-:;:- XV-X-X-M-X-X x-: •:-:•;•:•:•:::'::x::;::x:x:::::.U:x;::x:.:^̂  :-:-xo:::::-:

-SAMPLE SITES WITHIN THE Baxter
Springs/Treece SU8SITES

Upper-bound value sitewide (n = 10)

Arithmetic mean concentration sitewide
(n = 10)

REFERENCES SITES

Cherokee County Control Site*
(approximately 2.0 miles north of the
City of Baxter Springs) (n = 3)

-- Arithmetic mean

-- Upper-bound value

- - Range

Non-Cherokee County sites"

- - Range0

lî illJpllpJsiil̂ illillpiiiif̂ iiiiiiiii

2.8

1.7

0.12

0.30

0.02 - 0.27

<0.06 - 0.5

Iliiiiiliiiiiiiilli
iilliiisPial̂ iiilli

6.6

4.5

0.16

0.26

0.10 - 0.24

0.5 - 4.7

lilllieiMjiliil

90.3

73.9

32.5

32.9

32.1 - 32.7

19.9 - 31.6

" These data were collected during the RI field activities.

" Schesinger, et al., 1974. Dames & Moore. 1989, and Smith and Rongstad, 1982.
c An arithmetic mean could not be calculated, since only a range of data were reported.



The data presented in Table 5-10 show that the arithmetic mean concentration of
cadmium, lead, and zinc measured in whole-body mice samples taken from various sampling
locations throughout the Baxter Springs/Treece subsites are, respectively, 14, 28, and 2 times
higher than arithmetic mean levels measured in mice taken from the Cherokee County control
site. The arithmetic mean concentration of lead measured in whole-body mice from the Baxter
Springs/Treece: subsites is within or lower than the range of concentrations in mice from non-
Cherokee County areas. Note that the arithmetic mean could not be calculated for the non-
Cherokee County reference sites, since only a range of concentrations was reported. These
data show thai: mean levels of cadmium, lead, and zinc measured in mice from mining-
impacted areas .within the Baxter Springs/Treece subsites are elevated relative to levels
measured in mice taken from the control (non-impacted) area of Cherokee County.
Collectively, the whole-body data indicate exposure to metals but the sampling techniques
used do not allow segregation of body burden (i.e., metals could be in muscle tissue, organs,
gut, pelt, etc.).,

5.5 EXPOSURES BY AQUATIC RECEPTORS

It was not necessary to predict doses for aquatic receptors, since whole-body analyses
for fish were obtained as part of this study. Levels of cadmium, lead, and zinc in whole fish
collected from on-site streams and ponds were compared to levels of these metals in fish from
various reference areas (Table 5-11). Data on the various references areas were obtained
from the EPA Storet database. Information as to whether these reference sites are located
in a mining district similar to the Tri-State Mining District is not available in the Storet
database. While the main purpose of collecting fish data was to evaluate food chain effects,
these data were also used to determine if metals levels in on-site fish are elevated relative to
the concentration of metals in reference samples. Table 5-11 shows that the arithmetic mean

i
concentration of lead and zinc measured in whole-body on-site fish generally exceeds the

range of values measured in fish from various reference sites while the mean cadmium
concentration for on-site fish generally falls within the range of concentrations in fish taken
from various reference locations in Kansas. These data indicate that on-site fish have been

5-29

B:\Eosec5.fd (03/24/93)



Table 5-11. Comparison of Concentrations of Metals in Whole-Body Fish Samples (Wet Weight) Collected froa the
Baxter Springs/Treece SUisites with the Metals Levels in Whole Fish Sables Taken fro» Various
Reference Locations

:•:•:•:•:':': ':: :' :•£':•:•:•:•:•;•: :;w
•:•"•:-:••-'- '.•'.• '. •:•;•:- '.-:•:•'•'.• '.• '.<•'.- :•:•:•:•:•:• :-:-:• :•:•:- ;-: • :-:-:-: -:• :-: •:• : • : •:•:-:• '- :•:.'•:•:•:• :• :• :-:• :-:•:•:-:-:•;•:•:•:•:•:•:•:•:•:•:•:•:•;•:•; •:•:•:•:• :-:•:•:•:•: -:-:- :•: • ;

SAMPLE SITES WITHIN THE Baxter
-Springs/Treece SUBSITES .

Upper -bound value sitewide (n = 33)

Arithmetic mean concentration sitewide
(n = 33)

REFERENCE SITES'

Neosho River at Chetopa (bottomfeeders)

Neosho River at Chetopa (mixed species)

Kansas River at Lawrence, Kansas
(bottomfeeders)

Olathe Lake west of Olathe, Kansas
(bottomfeeders)

Various Locations in Kansas (mixed
species)

illlllliililPliillll
iî siiCbnciBnlriaJJiljSrî ?;!;.

0.3

0.2

<0.05 - 0.3

0.06

0.05 - 0.35

0.02

0.05 - 0.4

llliliiiilll̂ iiil
iiSPC^enfiSiltoiSpP
lillliilsKlIill

5.1

3.5

0.2 - 1.4

0.4

<0.1 - 0.2

2.8

0.5 - 1.7

1
:;::;;:;;?;ig;C:<iiince'nti!alS;ip:;;;s m
illililiiiiilll

115.0

92.2

12.0 - 67.5

NR"

53.7 - 71.0

41.0 - 66.0

15.1 - 81.4

" EPA Storet database, 1992. Information on whether these reference sites are located in a mining district simitar to the Tri-
State Mining District is not available in the Storet database. Fish inhabiting surface water bodies within mine areas are
expected to have higher metal body burdens due to the higher background levels of metals in these waters.



exposed to metals. Comparison of on-site results with the data from reference sites are not
conclusive, however, since sample sizes, sampling methods, and laboratory preparation
techniques for the reference site fish are not known. As with the mouse whole-body samples,
the subsite whole-body fish samples were not collected for direct comparison to reference site
data, but to estimate dose for upper trophic level organisms.

5.6 FIELD SURVEY RESULTS

Site-specific aquatic and terrestrial biota surveys were conducted by Dames & Moore
personnel and Cedar Creek Associates, Inc. of Fort Collins, Colorado, during the Fall of
1991 to: 1) inventory terrestrial and aquatic species present, 2) evsiluate the existing
conditions with respect to habitat requirements of potential inhabitants, and 3) briefly search
for unique habitats and other features of the landscape that may provide necessary life
requisites for species of special concern (e.g., key indicator species and/or T&E species).
A detailed description of the survey methods used during the biota investigations and results
of those investigations are included in the Final RI.

5.6.1 Terrestrial Survey Methods

The terrestrial biota investigations emphasized the evaluation of higher level consumers
(raptors and terrestrial predators) and primary consumers (songbirds and small rodents). This
strategy was developed with EPA during the July 24, 1991 meeting. The focus was placed
on primary and ihigher-level consumers as they would provide sufficient data to assess the
general condition of the terrestrial ecosystem. General reconnaissance surveys were
undertaken to evaluate relative populations and species composition on and about the Baxter
Springs/Treece subsites and a control area for songbirds and small mammals.

Semi-quantitative surveys of raptors and predators involved traversing a 28-mile long
transect within the Baxter Springs/Treece subsites to determine habitat occupied and distance
from the nearest mine-related disturbance. Variable-width strip transects ,and traplines were
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established in four test areas and one control area to facilitate comparison of small mammal
and songbird populations between test and control areas to detect disparities as a result of
exposure to mine-related metals. White-footed mice (Peromyscus leucopus) were captured
along these transects for laboratory analysis of body burden levels of site-related metals.
Although a concerted effort was made to ensure that all five sites selecfcjd for comparative
primary consumer investigations were established in similar, wooded habitats to minimize
possible effects from habitat-related variables, one test site within the Baxter Springs subsite,
BS-1, was somewhat anomalous. Detailed descriptions of the sampling/survey method used
and of the five areas surveyed is given in Section 3.5 of the Final RI.

5.6.2 Terrestrial Survey Results

Wildlife species, relative abundance, and habitats occurring in the Baxter
Springs/Treece subsites are typical of those occurring in the agriculturally-altered tall grass
prairie/eastern woodland ecotone. Habitats are principally associated witli cropland margins
and non-tillable areas with native flora remaining only in the riparian bottoms and relic
woodlots.

5.6.2.1 Predators
i

Terrestrial predators of interest in the vicinity of the subsites primarily include
members of the canid and mustelid families. These animals did not appear to exhibit a

j
distinct pattern jof avoidance of or preference for mine-related disturbances. The plot of
predator distance from mine-related disturbance shown in Appendix E of the Final RI forms
a smooth curve from zero to several thousand feet, suggesting no obvious avoidance patterns.

j
i
i

5.6.2.2 Terrestrial Raptors
i
i

Of the 19 raptors that could occur onsite, red-tailed hawks were the most commonly
observed species, followed closely by American kestrels and turkey vultures. Given the level
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of effort, apparent prey base, and actual habitat conditions, the number and diversity of
observations seems high but may be normal for the area for the time of year (Cedar Creek,
certified wildlife biologist). Table 4 (Appendix E of the Final RI) indicates the approximate
distance of each raptor sighting from a mapped mine-related disturbance area. Plots of these
data for the four most-often observed raptors indicates no distinct pattern of avoidance of or
preference for these areas although this conclusion cannot be supported statistically. Distance
between predator sightings and mine-related disturbances is only one of the; many factors used
to assess potential adverse impacts to terrestrial populations.

This lack of avoidance may be further corroborated by the fact that nine of the 80
sightings (11 percent) were of raptors over or very near chat piles. Conversely, one plausible
explanation for this observation is that vegetation cover is usually quite thin in these disturbed
areas, which provides raptors with a better view of the ground surface and the prey thereon.
This hypothesis is supported by the fact that 34 of the 80 observations of raptors (43 percent)
were over cultivated fields where a relatively unobstructed view of the surface is available.

5.6.2.3 Songbirds

The following five locations were evaluated to reveal disparities in songbird and small
mammal communities.
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SONGBIRD AND SMALL MAMMAL TEST SITES

Baxter Springs - 1
(BS-1)

Baxter Springs - 2
(BS-2)

Treece - 1 (T-l) i
i

Treece - 2 (T-2) |

i||||||::||||ii|iî ;i Non|Irripaci^ Area

Area close to mining-related
contamination

An area more distant from mining-related
disturbances but well within the subsite
boundaries.

Area close to mining-related
contamination.

Area more distant from mining-related
disturbances but well within the subsite
boundaries.

iiiiii^
A relatively narrow strip of second-
growth introduced and invading woody
plants bordering cultivated fields to the
west and old fields to the east.

Small woodlot of second-growth trees.

A mostly wooded lowland area.

Entirely wooded.

The control site was selected because of its distance from any mine-related disturbance
and access could be readily attained. All four test sites (BS-1, BS-2, T-l, and T-2) and the
control site represent wooded habitat. BS-1 has the most anomalous habitat of the five sites.

i
Of the more than 100 species of songbirds that could potentially occur on or near the

subsites (Thompson and Ely, 1989), a total of 43 species were documented during the field
i

surveys (Table 5, Appendix E of the Final RI), with the eastern meadowlark and the blue jay
being the most commonly observed species. The highest number of songbirds were observed
at the BS-1 sample location (average of 69 individuals per sample), which is more than twice
the amount observed at any other sample location, while T-2 had the least number of
songbirds with an average of 23 individuals per sample. Based on the professional judgment
of the certified wildlife biologists conducting the survey, songbird density and diversity
seemed to be within the realm of expectation for project area habitats when field observations
were made (Fall, 1991). Given the relatively narrow width of wooded habitat at BS-1, the
adjacent grassland and cultivated areas which did not restrict the biologist's vision, and the
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fact that over half of the observations were of non-woodland species (e.g., meadowlarks), it
appears that songbird densities for BS-1 were higher than at the other sites, probably due to
habitat-related variables.

5.6.2.4 Small Mammals

White-footed mice were by far the most commonly captured sp<5cies with 49 total
captures. BS-2 has the highest trap success rate with a total of 23 captures (11.5 percent),
while BS-1 hadia trap success rate of only 2 percent. The control, T-l, and T-2 sites had

i

relatively consistent trap success rates of 8.5 percent, 7.0 percent, and 6.5 percent,
respectively. The most plausible explanation for this difference in trap success rates is that
the habitat of the BS-1 site is sufficiently different from the other four sites to cause
anomalously low trapping results. For example, 17 white-footed mice were captured in the
control area, which is not surprising since the white-footed mouse is a typical woodland
species and the control area is primarily mature oak woodland with little brushy understory.
Conversely, only four white-footed mice were captured in BS-1, which is principally a
narrow strip of I windbreak and brushy invader plants adjacent to an old field. The only

i
apparent incongruity of such reasoning is that the woodland niche normally filled by the
white-footed mouse was not filled by the deer mouse, a non-woodland resident. It would be
expected that the old field adjacent to BS-1 would have supported deer mice that could then
have been attracted to the trapline. However, there is no way to validate this hypothesis, as
no deer mice were observed in the old field.

5.6.2.5 Other WUdlife

White-tailed deer (Odocoileus virginianus) is the only big game species occurring
within the subsites, and habitats present provide year-round range. Although population
estimates are not available for the Baxter Springs/Treece subsites, observations of deer during
the various studies, especially the spotlighting activity, suggest that the population is near
normal given habitat conditions. This opinion is based on the professional judgment of a
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certified wildlife biologist who has spent nearly a decade observing mid-western white-tailed
deer populations. Further, no observable degradation or under utilization of forage seemed
to be present to indicate that populations were either overly dense or too sparse given the
availability of habitat.

Mr. Keith Sexon, Kansas Department of Parks and Wildlife Eig Game Program
Coordinator (KDWP, 1992), indicated that the whitetail deer populations in Kansas are stable
with a slow increase in population numbers in southeast Kansas, which includes Cherokee
County. Deer populations continue to increase in spite of the implementation of increased
doe harvesting. The increase in numbers has been supported by landowner testimony, road
kill data, and hunter success rates (harvest). According to Mr. Sexon, an additional sign of
increasing populations is the increased frequency of twin and triplet whitetail births.

5.6.2.6 Terrestrial Species Diversity

The assessment of species diversity in the subsites was performed by determining
whether noticeable differences between control (off-site) and on-site stations existed. Based

i
on professional judgment and currently existing information previously presented, the
terrestrial wildlife community in the Baxter Springs/Treece subsites appears to be normal in
comparison with the control area and in relation to what might be expected in Cherokee
County. There seem to be no obviously missing wildlife groups or poor population levels
among those groups which could be considered most susceptible to heavy metal contamination
(e.g., primary and tertiary consumers).

5.6.3 Aquatic Receptor Survey Methods
i
I

The quality of aquatic habitat and potential for aquatic species; to inhabit streams
within the subsites are important inputs to the exposure assessment of the environmental

' * -

evaluation. Habitat analyses were conducted to document the availability and quality of
aquatic habitat and, in turn, to assess the potential for these streams to support populations
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of fish that may complete a major pathway of metals exposure. Since similar data on the
Spring and Neosho Rivers were not gathered during RI activities, the following sections
report results of the biosurvey assessment that was completed for the on-site ponds and
streams only. Also, because the Spring and Neosho Rivers receive metals input from
numerous other upstream sources, the evaluation of the subsites influence on these rivers was
not possible and, therefore, these rivers were not evaluated in detail.

5.6.4 Stream Habitat and Fish Community Assessment Results

Stream habitat was assessed during the Fall of 1991 for Tar Creek, Willow Creek, and
Spring Branch using the habitat assessment methodology described in the Elapid Bioassessment
Protocols for use in Streams and Rivers (USEPA, 1989). Due to the lack of flow in the
upper reaches of the streams, only the lower reaches of each stream were sampled.
Representative stream segments were identified based on stream channel morphology and
stream flow for each stream. A stream segment of approximately 100 yards in length was
evaluated near;each downstream station (WC-3, TC-3, and SB-2) for the primary habitat
parameters listed in column one of Table 5-12. Results of this assessment are presented in
Table 5-12.

Pond and stream segments were evaluated to assess fish community composition and
health by determining fish species diversity, size or age-class distribution, and condition
factors (measure of plumpness or well-being). Ponds were sampled by a. combination of gill

I
nets, electrofishing (along the shoreline), and minnow traps. Minnow traps were essentiallyi
the most productive sampling methods used. Streams were sampled by electrofishing only.
Representative samples of fish collected during this task were retained for fish tissue analysis.
Fish sampling (yielded fish from each aquatic sampling location except for Ballard Pond.
Condition factors were calculated for the larger fish collected using references cited in
Carlander (1977). A condition factor greater than one indicates that the species is
experiencing normal isometric growth (i.e., length, breadth, depth, and weight are
proportional (Everhart et al., 1975)). A condition factor of 1 or greater indicates
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Table 5-12. Results of the Baxter Springs/Treece Subsites Strea» Habitat Assessment

•:•:•:•;•;•; '>;:: •:•:•:•:• :•:• :-;• :• :•:•:•:•:• :•: •;>•:•; ';':•;•;•;•;•:•:•:•:-:•:•:•:•:•:•:•: •:-:•:-:•:•:•:•:•:•:• XvX-x-Xv;
• ;- X -;>"• ','.•',-.•'. ;*;'•:•:•:• :•: • :• :-:• :•:-•>;•-• >- ' -• - •: v>- •••'• :'• ; •;'.;• -y,-'- ;: :•:•:••' :- :';':'x: :: :::' :' :•;>•:• :: : :;: ;:' • ';*

Iliilî lliiĴ iiiî ^̂ B
Bottom substrate/ available
cover

Embeddedness

Stream flow

Channel alteration

Bottom scouring and
deposition

Pool-to-riffle ratio

Bank stability

St reams ide cover

Bank vegetative stability

OVERALL RATING

l̂iiiiJieiliiaî liBBlii
•IliJlliill̂ illll

0 (poor)

0 (poor)

0 (poor)

3 (poor)

3 (poor)

3 (poor-to-fair)

10 (excellent)

8 (good)

10 (excellent)

37 (poor-to-fair)

lliliiiiŝ iŝ iseBiî iiiisiiiilliiis:pMiiiiiiî |iiiii
îlll̂ iatifpliOTiZlllili;

15 (good)

8 (fair)

4 (poor)

4 (fair)

4 (fair)

15 (excellent)

8 (good)

9 (excellent)

8 (good)

75 (fair)

|!l|||Si|||||||!i||||S|||
:;;i;;ii|;;i!i;i|iBl;Sl̂ il;ii;il:;i::lilisfs||«iili||3iiiii;

3 (poor)

0 (poor)

2 (poor)

2 (poor)

5 (fair)

0 (poor)

8 (good)

4 (fair)

8 (good)

31 (poor-to-fair)

At each station a stream length of approximately 100 yards was evaluated for the primary habitat
parameters listed in column one.



Table 5-13. Sumary of Condition Factors by Species

iiiiiiiliililllillllllliiilli
White crappie

_Green_sunf ish __ . . ._ _

Bluegill

Uarmouth

Largemouth bass

Pumpkinseed

Illiliilillnlllllllll
Illpliiiî î ilî uiiiislî l!:!::

1.2 - 2.9

1.6 - 3.4

1.5 - 2.5

1.9 - 2.3

1.0 - 1.9

2.1 - 2.6

0.55 - 2.3

1.5 - 2.1

1.0 - 3.5

1.7 - 2.3

0.9 - 2.0

1.9 - 2.0

Condition factors for fish of similar length from locations near or similar to southeastern
Kansas (Oklahoma, Iowa, and Illinois).



proportional growth; a condition factor less than one indicates that body weight is not in
proportion (less than) body dimensions. Table 5-13 lists the condition factors for subsite fish
and condition factors expected for fish of the same species and similar length existing in the
same geographic area. Results of these assessments are briefly discussed for each individual
on-site stream and ponds. Additional information regarding the results of these assessments
are included in the Final RI.

5.6.4.1 Spring Branch

Segments of Spring Branch were accessed near water quality sampling locations SB-1,
SB-2, and approximately 2000 ft. downstream from SB-1. Based on observations at these
locations, Spring Branch was divided into two segments: SB-A, which extends from the
Spring River upstream for approximately one stream mile; and SB-B, which includes the
remaining length of the stream (Figure 2-2; Section 2.0). The stream channels of the upper
reaches of Spring Branch (SB-B) were completely dry with an established stand of terrestrial
vegetation (grasses) extending throughout the stream channel. Ponded or pooled water with
little flow was characteristic of stream segments downstream (SB-A) to the Spring River. At
sampling station SB-1 (Final RI presents details concerning the location of all stream stations

i

and segments),! bottom substrate consisted of approximately 40 percent rubble or gravel and
appeared to have experienced sedimentation from upstream activities in that the rubble and
gravel were approximately 60 percent covered by fine material. Flow at this study site was
low (<0.1 cfs). This segment also exhibited moderate deposition of gravel and minor
accumulations of silt in the pools. Streamside cover consisted primarily of shrubs with a tall
canopy of trees. The pool-to-riffle ratio was estimated to be 3 with a viiriety of habitat and
adequate depth in the pools to provide habitat. The overall quality of this segment was
estimated to be fair, primarily based on the available substrate, which is conducive to benthic

t

invertebrate productivity, the pool/riffle ratio, and streamside cover.
i
!

One location on Spring Branch (SB-2) was sampled for fish. Green sunfish ranged
in length from!56 mm to 155 mm representing four age classes: age class I for the 55 to 64
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mm fish, age class n for the 75 mm to 99 mm fish, age class III for the 105 mm to 134 mm
fish, and age class V for the 155 mm to 159 mm fish. Fish age classes were determined by
comparing on-site length-frequency histograms with existing species-specific age/length data
(Carlander, 1977). Condition factors for all fish were greater than 1. Condition factors for
green sunfish ranged from 1.7 to 2.1, while the condition factor for the individual yellow

o

bullhead was 1.2.

5.6.4.2 Willow Creek

Willow Creek provides sporadic aquatic habitat throughout its length from a point
immediately downstream of WC-1 to its confluence with the Spring River (Figures 2-1 and
2-2; Section 2.0). During the Fall 1991 field investigation, only one of six locations accessed
on Willow Creek had noticeable flow. This location was in the area of station WC-2 where
flow was estimated at < 1.0 cfs. This area had been observed by Dames & Moore personnel
to be dry approximately 60 days before the Fall sampling effort. Based on these
observations, Willow Creek was divided into three distinct segments: (1) segment WC-A,
which extendsj from the Spring River upstream for approximately 1.5 stream miles; (2)
segment WC-B, which begins approximately 1.5 miles upstream from the Spring River and
extends another approximately 2.5 stream miles; and (3) segment WC-C, which begins at a
point approximately four stream miles upstream of the Spring River and includes the
remaining stream length.

i
The lower reach of Willow Creek (WC-A) receives recharge from limestone bedrock

and appears to provide the best opportunity for establishment of a fisher/ based on the depth
of water and apparent permanency of stream channel inundation. As previously mentioned,
this segment of Willow Creek had no observable stream flow. The study site bottom
substrate consisted of less than 10 percent rubble or gravel, which was at least 75 percent

i
surrounded by fines or sediment. The channel lacked evidence of recent scouring, as it
contained heavy deposits of fine material with a portion of the pools partially filled with silt.
The pool/riffle ratio was greater than 25 with occasional riffles or bends providing habitat.
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Bank failure or erosion was not evident, and over 80 percent of the stream bank was covered
by vegetation or boulders. The streamside cover consisted primarily of shrubs with
occasional trees and grasses. This segment provides poor-to-fair habitat based on bottom
substrate/available cover, embeddedness, stream flow, channel alteration, and the pool-to-
riffle ratio, all of which received a poor rating. In addition, the poor quility of the substrate
may limit the productivity of benthic invertebrates (food organisms).

Three year classes were observed for the green sunfish collected at sampling station
WC-3. These year classes probably represent age class I for the 55 to 84 mm fish (10 fish),
indicating natural reproduction, age III for the 115 to 134 mm fish (three fish), and age V
for the 160 to 179 mm fish (six fish). Condition factors calculated for fish sampled at WC-3
ranged from 1.8 to 3.4 for green sunfish, from 1.6 to 1.9 for longear sunfish, from 2.1 to
2.6 for pumpkinseed, while factors for the individual warmouth and spotted sucker sampled
were 1.9 and 1.1. All fish appeared healthy with no indications of external parasites or
physical or chemical stress.

The only other location on Willow Creek considered for habitat assessment was a site
between WC-1 and WC-2. This site, which is designated as WC-la on Figure 2-1, is
generally described as an artificially created impoundment (no stream flow) providing
adequate habitat. The habitat was created when an earthen-berm stream crossing was
established (no culvert). Field personnel indicated that this stream-crossing was not present
60 days earlier.

The sampling of WC-la resulted in a total of 56 fish including 36 bluegill, five green
sunfish, five warmouth, three redear sunfish, three largemouth bass, one white crappie, one
spotted sucker' one brook silverside, and one shiner. Bluegill ranged from 55 to 159 mm
with possibly four year classes indicated. The year classes appear to include age 0 for the

I
55 to 84 mm fish, age I for the 90 to 114 mm fish, age II for the 115 to 134 mm fish, and
age VI for the] 150 to 159 mm fish. Again, species-specific age classes were determined by
comparing ori-site length-frequency histograms with existing species-specific age/length data
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(Carlander, 1977). The reason that so many fish were present in the recently formed pond
in Willow Creek at WC-la is not readily known. One possible explanation is that since
Willow Creek, both upstream and downstream from this pond, was lacking suitable flow to
support fish, the fish are likely to have moved downstream during periods of reduced flow
and became isolated in the pond.

The absence of fish at sampling station WC-2 was not surprising since this segment
was dry 60 days prior to aquatic sampling. However, KDHE (1978) collected benthic

i
organisms near this location and fish had been observed by field personnel when Willow
Creek was flowing at WC-2.

5.6.4.3 Tar Creek

Tar Creek (within the Treece subsite) was divided into three segments based on stream
channel characteristics (Figures 2-1 and 2-3; Section 2.0). These segments were labeled TC-
A, which extends from the Oklahoma/Kansas state line upstream to a point near surface water
monitoring station TC-2; TC-B, which extends from surface water monitoring station TC-2
upstream for approximately 0.75 stream mile; and TC-C, which covers the remaining
upstream segment of Tar Creek.

During ithe Fall assessment, the lower reaches of Tar Creek (Segment TC-A) were
observed to provide sporadic ponded water lacking flow. A 100-meter segment of Tar Creek
immediately upstream from TC-3 was selected as a study site representative of lower Tar
Creek. The water depth was approximately 1.5 meters (maximum) and was created by the
partial damming effect of the road and culvert immediately downstream. The substrate
consisted primarily of sand or silt with less than 10 percent rubble, gravel, or other stable
substrate and, where larger particles existed, over 75 percent of the particles were surrounded
by fine sediment. As with other areas observed in the Tar Creek system, this study site
exhibited no flowing water. Channel alterations consisted of heavy deposits of fine materials.

j
The pool/riffle ratio of the study site was essentially zero, because of the lack of any
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identifiable riffles due to lack of flow. The stream banks were moderately stable with only
small areas of erosion within the study site. Over 80 percent of the stream bank was covered
by vegetation, '• which was dominated by tall grasses. This segment provides only limited
aquatic habitat primarily based on the stability of bank vegetation and streamside cover,
which provides cover for fish. Conversely, the poor quality of the substrate parameters may
limit benthic invertebrates (food-base organisms).

Segments TC-B and TC-C of Tar Creek were accessed near surface-water sampling
locations TC-2 and TC-1, respectively. The stream channel in the area of TC-1 was dry with

i

terrestrial vegetation established throughout the channel. The stream channel within the TC-2
i

area contained some small pools; however, no flowing water was observed and there was no
i

observable evidence of conditions capable of supporting fishery resources. Aquatic habitat
within these segments is unsuitable based on.the absence of water within the stream channels.

Fish collected at sampling location TC-3 did not exhibit any overt signs of physical
stress. Condition factors for fish greater than 20 mm in length ranged from 1.7 to 1.9
indicating good condition. All fish appeared healthy with no evidence of external parasites
or stress. The1 fact that the fish inhabiting TC-3 are in good condition despite the limiting
physical/habitat conditions probably reflects the fact that the fish have spent time in all
segments of Tajr Creek. As the stream dries up, fish are forced to migrate downstream. Thei
fish sampled from TC-3 reflect the compression of upstream habitats during dry conditions.

5.6.4.4 Subsite Ponds
i

Four ponds within the Treece subsite (TP-3, TP-5, TP-6, and TP-7) and two ponds
i

within the Baxter Springs subsite (BP-3 and BP-4) were sampled for fish tissue and to
characterize community composition. All six ponds were inhabited by fish representing
several age classes.
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Treece subsite tailings pond TP-6 sampling resulted in a total of 52 fish consisting
i

primarily of green sunfish (47) and unidentified sunfish (5). Eighty-five percent of the green
sunfish collected were 55 to 89 mm in total length indicating a strong age: I year class. Other
year classes evidenced were age II (four fish) and age III (one fish).

Sampling of pond TP-7 resulted in a total of 78 fish representing five species. A
majority (60 percent) of the fish consisted of bluegill. Other species included largemouth
bass (6 percent), black bullhead (1 percent), warmouth (5 percent), and green sunfish (1
percent). Unidentifiable small sunfish comprised approximately 26 percent of the sample.
The identified bluegill component of the sample exhibited a strong frequency of occurrence
at the 40 to 69 mm length range indicating a strong age 0 year class.. Other age classes
represented were age I (six fish), age n (one fish), and age HI (one fish).

TP-5 sampling resulted in a total of 85 green sunfish ranging in length from 29 to 87
mm. It should be noted that this pond was sampled using minnow traps only. The frequency
of occurrence iof these various lengths indicates possibly two age classes (age 0 and I) and
strong natural (reproduction. The apparent absence of additional age classes (i.e., age III and

i
older) could also suggest premature mortality as a result of severe water level fluctuations
and/or toxicity.

The Brewster Pond (BP-3) sampling results indicated an established population of
green sunfish
(ages 0 and I)

(77) ranging in length from 40 to 84 mm. Green sunfish in this size range
would provide forage for the white crappie inhabiting the Brewster Pond: three

white crappie (350 to 370 mm) were collected. Black bullhead were also collected from the
Brewster Pond.

BP-4 sampling results indicated strong naturally reproducing populations of green
sunfish and bluegill. The length distribution of green sunfish indicates possibly two agei
classes; age 0 for fish of 40 to 44 mm and age I for fish of 50 to 89 mm. Two age classes
may be represented for bluegill; age 0 for fish of 35 to 49 mm and age I for fish of 50 to 79

i
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mm. Additional species collected included the black bullhead and larger green sunfish and
bluegill.

In pond TP-7 bluegills sampled exhibited a strong frequency of occurrence at the 40
to 69 mm length range, indicating a strong age 0 year class and natural reproduction. Other
age classes represented were age I (six fish), age n (one fish), and age III (one fish).
Condition factors calculated for fish sampled in TP-7 ranged from 1.0 to 1.4 for largemouth
bass, 1.9 to 2.3 for warmouth, 1.5 to 2.5 for bluegill, while the individual condition factors
for the single black bullhead and green sunfish were 1.4 and 1.6, res]>ectively. All fish
appeared healthy with no evidence of external parasites or physical or chemical stress.

Age class data available for fish collected from subsite ponds appear to be limited to
fish aged 3 years or younger, whereas some fish in the streams appear to be to as much as
6 years old. The differences in age composition between ponds and streams is most likely
due to sampling methods and not necessarily to toxic effects from metals loads. Ponds were
sampled by a combination of gill nets, backpack electrofishing along the shoreline, and
minnow traps. iThe minnow traps were essentially the most productive method used, thus
skewing the samples toward the smaller fish. Streams were sampled by electrofishing only,
which provided more of an opportunity to collect a greater variety of fish representing
different age classes and sizes.
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6.0 SELECTION OF ECOLOGICAL ENDPOINTS

Ecological endpoints are characteristics of an ecological system that may be affected
by site-related metals and as such epitomize the actual environmental values to be protected.
Meaningful endpoints are those that characterize the relationship between contaminant levels
(environmental concentrations) and potential adverse effects. Assessment endpoints are
formal expressions of the actual environmental parameter to be protected, while measurement
endpoints are a measurable or quantifiable characteristic that can be directly related to an
assessment endpoint. For example, the assessment endpoint might be could a significant
reduction in population of a given species occurt and the measurement endpoint might be to
compare measured or estimated dose levels to lexicological data available in the literature for
the same or a similar species to determine if frequent or gross mortality would be expected.
Measurement endpoints can be measured in the field or laboratory (e.g., relative abundance
measures) or can be summaries of relevant data reported in the scientific literature (e.g., LC50

values). Thus, measurement endpoints provide the means by which risk assessors can
determine if ecological receptors have been significantly affected. This srction discusses the
ecological endpoints that were used to determine if adverse ecological impacts are possible
for populations inhabiting the Baxter Springs/Treece subsites.

Ecological endpoints for individuals can include changes in typical death, growth, and
fecundity rates or changes in tissue concentrations and behavior. Endpoints for populations
include alterations in occurrence, abundance, behavior, reproductive performance, and
age/size class structure. Community-level endpoints can be assessed by evaluating the
numbers of species as well as species diversity and relative abundance indices. Ecosystems
endpoints, as a whole, include biomass, productivity, or nutrient dynamics. Table 6-1
outlines specific ecological endpoints that were used to evaluate potential adverse effects
associated with
loosely divided

contamination at the Baxter Springs/Treece subsites. These endpoints are
into two categories: community-level and population-level endpoints.

Community, or structural, endpoints were selected in an attempt to measure or assess changes
in community/ecosystem structure or function. Population-level endpoints, which are
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Table 6-1. Assessment and Measurement Endpoints Used to Evaluate Potential Adverse Effects to Ecological Receptors

Hill
1.

2.

3.

4.

4.

5.

6.

7.

Ilillillliil̂ ^
Could a significant reduction in
population of key aquatic and
terrestrial species occur?

Could intake of metals result in
chronic toxic effects in terrestrial
or aquatic populations?

Are gross signs of acute toxicity
present?

Do sufficient prey exist to support
higher- level organisms?

Has community structure been
obviously impacted?

Have significant community level
transformations occurred in plant
and animal systems?

Is water quality in on- site streams
insufficient to support a diverse
natural aquatic conmunity?

Have significant habitat
modifications occurred?

x:;:xX:X:X>*3;:ix:i:x'xx*

1.

2.

3.

4.

4.

5.

6.

7.

Compare estimated or measured dose levels or exposure concentrations to toxicity
reference values for the same or similar species. Toxicity reference values are
designed to reflect potential reproductive, behavioral, and developmental effects,
since these effects could influence population stability. Evaluate field data (e.g.,
.f.ish_cpndjjtipn_J_actor8_and distance from miner related disturbances_for terrestrial
receptors) as another means of assessing potential chronic effects.

Compare estimated dose levels with chronic toxicity reference values available in the
literature for the same or similar species.

Individuals sampled have distinguishable signs of gross morbidity/stress.

Determine if gross or frequent mortality of invertebrate aquatic organisms, which
serve as the food base for many fish species, of the white-footed mouse, which is: the
food base for higher tropic level terrestrial predators, such as the raptors and the
mink, and fish, which serve as the food base for omnivorous terrestrial predators,
such as the mink, is expected by comparing exposure point concentrations or dose
estimates with toxicological data available in the literature for the key species of
concern.

Determine if specific areas are void of vegetation, aquatic, or terrestrial species.

Determine if site community structure differs substantially from reference site
community structure due to mining-related versus habitat -related differences.

Types and numbers of plants and animals observed on-site vary significantly from the
types and numbers expected to occur on-site as determined by biosurvey data and
literature reports.

Compare site-specific water quality data to chronic toxicity reference values for
species known or expected to occur in on-site water bodies.

Use biosurvey results to compare on-site habitat to nearby undisturbed (reference)
habitat.



Table 6-1. Assessment and Measurement Endpoints Used to Evaluate Potential Adverse Effects to Ecological Receptors (Concluded)

£™sili

8.

9.

10.

Î ÎWl̂ îiil̂ liî ilil̂ iliilslil
Are significant reductions in
reproductive fitness of key
terrestrial and aquatic species
probable?

Could T&E species that may occur
onsite be adversely impacted?

Are soils phytotoxic?

tilll

8.

9.

10.

liiiilM
Compare estimated or measured dose levels to toxicity reference values for
reproductive effects obtained for the same or a similar species.

Evaluate the probability of broad toxic effects exists as determined from a comparison
of chronic toxicity reference values for the same or similar species to dose
estimates.

Comparison of minimum and median toxic concentrations reported in the literature to
measured levels of metals in subsite soils.



typically more useful in an ERA (Suter, 1990), attempt to define impacts at lower levels (i.e.,
population or organismal).

Separate endpoints were defined for aquatic and terrestrial populations, since they have
different modes of exposure to and contact with contaminated media. Quantitative ecological
endpoints for aquatic receptors are primarily directed toward fish, as they serve as an
integrator of a variety of possible impacts. The reasoning for focusing on higher-level
organisms (i.e., fish) was that if aquatic invertebrates and/or periphyton were sufficiently
affected from exposure to site-related metals, then those effects would be passed onto fish,
since fish rely on lower-level organisms as their primary food base. In other words, a viable,
self-sustaining benthic population must exist to support an associated fish population.
Although this ERA focused primarily on potential effects to fish, the possibility that benthic
organisms could also be adversely affected was also evaluated. The main difference is that
benthic populations were not sampled during the RI, since the original intent of the RI aquatic
sampling program was to collect fish samples and to evaluate food chain effects.

i

Similarly > ecological endpoints for terrestrial receptors were intended to evaluate
potential adverse effects on higher-level organisms (predators) and to evaluate food chain
effects. Evaluating food chain effects involves assessing whether effects on one population

i
could cause effects on other populations that either feed on the first population or are prey
for another population. The ecological endpoints outlined in Table 6-1 were designed to
protect populations and to ensure the long-term integrity of the ecosystem. In this context,
loss of some individuals is acceptable if there is a reasonable assur;ince that the entire

i
population will not be adversely impacted. This approach is supported by Barnthouse and
Suter (1986) who state that "ecological risk assessments used in decision making should be
based, to the greatest extent possible, on objective estimates of ecological damage (e.g.,
probabilities of population extinction or reductions in abundance of plants and animals)."
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These endpoints provide a benchmark for comparative purposes. Ecologic endpoints
are only relative guidelines for prioritizing potential effects and should noi: be utilized as rigid
standards (personal communication, EPA Region VIII, Chief Toxicologist, Chris Weis, July,

!

1992). Hence:, no one ecological endpoint can or should be used to determine if adverse
effects to expDsed populations are likely. Both results of field surveys and the toxicity
assessment represent classes of endpoints that were useful in assessing potential effects due
to metals toxicity. The validity/strength of the ecological endpoints as they were used in the
ERA is discussed in the Uncertainty Section (Section 9.0). Tables 9-1 through 9-7 discuss
the specific field and laboratory data used to evaluate the ecological endpoints aquatic and
terrestrial receptors. No one ecological endpoint was necessarily given more weight or was
deemed more valid than another per se, but data corresponding to <U1 endpoints were
evaluated to yield an accurate picture of potential impacts on the ecosystem.
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7.0 TOXICITY ASSESSMENT

Toxicity assessment evaluates the nature and extent of adverse effects; from exposure to
site-related chemicals. It consists of a hazard evaluation and a dose-response assessment. The
hazard evaluation involves a comprehensive review of toxicity data for multiple species to
identify the severity of toxic properties associated with the COCs. Once the potential toxicity
of a chemical has been established, the next step is to determine the amount of chemical
exposure that may result in adverse ecological effects. Thus, the toxicity assessment evaluates
the increased likelihood of adverse ecological effects as a result of exposure to site-related
metals. The approach used in this ERA was to evaluate available lexicological data and to
estimate chronic toxicity values for ecological receptors. Estimating chronic versus acute effects
was considered appropriate in this case for these reasons:

Since environmental receptors have been exposed to site-related metals for more than
100 years, acute effects that receptors may have experienced have: probably already
occurred.

Since no recent continuous spills or releases have occurred, current receptors have
most likely adapted to their long-term exposure to site-related metals.

Chronic leffects are a better measure of long-term impacts than acute effects.

Sources of trie toxicity values used in this ERA (to evaluate potential adverse effects to
plants and terrestrial and aquatic organisms) include Fish and Wildlife Service (FWS)
Contaminant Hazard Series Synoptic Reviews, the Agency for Toxic Substance and Disease
Registry (ATSDR) "oxicological Profiles, EPA Health Effects Assessment and Water Quality
Criteria documents, and other current toxicological literature. Specific references are listed in
the various data tables included in this section.

The first step in the toxicity assessment is to calculate toxicity reference values (TRVs).
A TRY is an exposure estimate for a receptor group, including sensitive subgroups, establishing
levels of exposure not likely to cause appreciable deleterious effects from chronic exposure.
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Typically, ecological risk assessment assumes that if the TRY is not exceeded, the species of
interest will be protected (Suter et al., 1983). The next step in the toxicity assessment process
(which is described in detail in Section 8) is to use the derived TRVs in order to calculate
toxicity quotients (TQs) for all key receptors of concern. The calculated TQs represent one
commonly used method of evaluating the possibility that aquatic and terrestrial populations onsite
could be experiencing chronic effects that may not be readily observable in the field. Finally,
the third component of the toxicity assessment discusses the uncertainty inherent in evaluating
potential adverse effects of exposure to site-related metals in exposed populations. The
discussion of uncertainty presented in Section 9.0, also analyzes other data, including literature
reports and biosurvey results that may influence the toxicity of site-related metals. It should be
emphasized that numerous site-specific factors affect the actual toxicity of metals. The factors
that could ameliorate the toxicity of metals include adaptation, acclimation, and the
bioavailability of metals in the natural environment. Conversely, other factors could increase
the toxicity of site-related metals. For example, exposure to a mixture of COCs by key
receptors could increase the toxicity of individual metals synergistically. Similarly, various
environmental processes could alter the metal into a form that is more soluble and therefore
more bioavailable.

7.1 DERIVATION OF TOXICITY REFERENCE VALUES

i
I

Human health toxicologists are routinely confronted with the problem of attempting to
represent human toxicology (deriving health-protective toxicity values) based on animal studies.
Ecotoxicologists must also address such concerns. Although extensive1, aquatic toxicity
information is available, deriving meaningful toxicity reference values for terrestrial organisms
is difficult because of the absence of data, especially for avian species. Nevertheless, it was

I

necessary to develop appropriate toxicity values for avian, mammalian, and aquatic receptors
in the ERA. i

The derivation of TRVs depends on whether the desired lexicological data are available
for the endpoints and species of concern. Typically, there is imperfect correlation between the
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concentration and the endpoint of concern so these data must be adjusted iin some manner to
account for scientific data gaps. For example, if toxicity data for the endjpoint, species, and
metal of concern are not available, data must be adjusted using various scientific methods
available in the literature to determine the TRVs. Sections 7.2 through 7.5 outline the specific
method used to derive TRVs for aquatic receptors, terrestrial vertebrates, plants, and T&E
species, respectively.

7.2 TOXICITY REFERENCE VALUES FOR KEY AQUATIC RECEITORS

Toxicological benchmark data that specify an LC50, the concentration causing death in
50 percent of exposed individuals, is the most frequently measured endpoint in aquatic toxicity
testing and has been used by EPA to establish national Ambient Water Quality Criteria
(AWQC). These benchmark data (LC50) were used for a variety of species known or suspected
to occur to derive chronic TRVs for all aquatic organisms (i.e., both vertebrates and
invertebrates) in sub site surface water bodies. The term chronic refers to the duration of the test
(not to the observed effect) and is defined as an exposure duration greater than 10% of the
organism's lifespan: (Suter et al., 1987). The implication of developing chronic TRVs is that
the toxicant or its effects accumulate in the organism over time, resulting in effects that are not
observed following brief exposures (Suter et al., 1987).

In this assessment, EPA-recommended procedures described in Stephan et al. (1985) were
used to predict chronic TRVs from acute LC50 data for metals of concern for key aquatic
organisms. To be protective of all potential receptors, EPA usually calculates national AWQC
using toxicity test results for a variety of organisms, including the most sensitive species (defined
as more susceptible to contaminant exposure than most others). As these sensitive species may

or may not be present at the site, these criteria may be too stringent (or otherwise inappropriate)
for application here. Not all the species used in the calculation of the national criteria are
expected to occur in the ponds and intermittent streams within southeast Kansas. Therefore, and
according to EPA approved procedures, the site-specific values more representative of the
species occurring or potentially occurring within the site were developed.
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It was not necessary to calculate site-specific TRVs for four COCs: copper, iron,
manganese, and silver. The upper-bound concentration of copper and silver measured in all

i

subsite surface waters (0.007 mg/L and 0.003 mg/L, respectively) is less than the national
chronic AWQC for|the protection of freshwater aquatic life of 0.012 mg/L and 4. IxlO"3 mg/L,
respectively, at 100 mg CaCO3/L. Federal AWQC are not available for iron and manganese.
Levels of manganese ranging from 1.5 mg/L to 1000 mg/L are reported to be tolerable to
aquatic organisms. Since the upper-bound levels of manganese measured in surface water bodies
do not exceed 0.9 mg/L, manganese is not expected to cause adverse impacts in exposed
populations. Iron was not considered a COC for subsite streams since the average on-site
concentrations did not significantly differ from upstream locations. Iron is a COC for ponds
since any metal detected was conservatively considered a COC (see Section 4.3). Iron toxicity
reference value is considered 1.0 mg/L. The diagram in Figure 7-1 depicts the steps involved
in calculating the site-specific TRVs.

Site-specific jTRVs were calculated using EPA methodology (Stephan et a/., 1985). EPA
developed this method for deriving numerical values for the protection of aquatic organisms.
These site-specific .water quality values are based on toxicity data from a diverse range of
species, including highly sensitive species known or suspected to occur in on-site waters.
Sensitive species are those that cannot tolerate high concentrations of contaminants. In other
words, they are likely to experience adverse effects sooner than more tolerant species. Federal
AWQC are generally calculated by EPA using toxicity test results for a variety of species,
including salmonids and cladocerans, that are generally quite sensitive to elevated metals
concentrations. Only those species or genera considered representative of ephemeral streams
of southeast Kansas were selected for the site-specific toxicity assessment. A listing of these
species for each metal of concern is provided in Appendix A.

|
| .

Various sitejspecific factors, such as water hardness and the sensitivity of organisms
known or suspected to occur onsite, can strongly influence (usually lessen) the toxicity and
bioavailability of some metals. EPA recognizes that water hardness ameliorates the toxic effects
of many metals to varying degrees and provides a method of adjusting toxicity data to account
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for this fact. As a result, a standard Federal AWQC value may be more stringent than is
necessary to protect aquatic life in a given surface water body, although there are AWQC
hardness correction factors for those metals influenced by hardness. For example, subsite
streams and ponds have, on the average, a hardness of 190 mg CaCO3/L. The site-wide mean
hardness of 190 mg CaCO3/L was selected, since this is the geometric mean hardness of all on-
site water bodies. Since hardness levels varied not only between water bodies but within a given
water body, the geometric mean hardness for all on-site surface water bodies was used.

In determining the Federal AWQC, EPA evaluates numerous toxicity data representing
varying hardness values. Since hardness has long been known to affect the itoxicity of metals,
Federal AWQC were adjusted to a hardness of 50 mg CaCO3/L to facilitate comparison between
metals with criteria on a common scale. As such, the Federal AWQC are intended to protect
all aquatic organisms in all surface water bodies. However, in so doing, i:hese criteria may
actually be overly protective for some water bodies. In other words, the AWQC may be lower
(more stringent) than is truly necessary to maintain viable aquatic life in a given water body.
The basis for establishing the typically conservative AWQC to be more protective of aquatic life

i

is to err on the side of conservatism.

The mean site-wide hardness is quite high relative to the AWQC promulgated by EPA,
adjusted for a hardness of 50 mg CaCO3/L. Hence, relatively high water hardness measured
in on-site surface water bodies is likely to substantially ameliorate the toxicity of the metals of

i

concern. Furthermore, subsite streams and ponds are inhabited or potentially inhabited by
species known to be relatively tolerant of elevated metals concentrations (e.g., warm water
species including centrarchids and ictalurids). Therefore, the use of AWQC based on more
sensitive species and adjusted for a hardness of 50 mg CaCO3/L would yield overly protective
TRVs for the subsite streams and ponds. To calculate TRVs that more accurately reflect actual
site conditions, toxicity data were used for species known or suspected to occur onsite given
habitat limitations (i!e., ephemeral warm water streams). These data were then applied to the
approach developed | by EPA (Stephan et al., 1985) to determine site-specific water quality
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values. The methods and data used to calculate TRVs for aquatic organisms are outlined in
detail in Appendix A and summarized below.

The first step in the EPA approach for deriving site-specific TRVs is the calculation of
a Species Mean Acute Value (SMAV) and a Genus Mean Acute Value (GMAV) for each metal
of concern. EPA calculated the SMAVs (the geometric mean of all appropriate species acute
values) and GMAVs (the geometric mean of all appropriate SMAVs within a particular genus)
for the respective rnetals. The use of GMAVs provides a representation of those species within
a given genera with respect to tolerance and sensitivity.

The metal-specific GMAVs were used by EPA to determined Final Acute Values (FAVs)
for each metal. First, GMAVs were ranked from high (most tolerant) to low ( most sensitive).
Specifically, ranks were assigned to the GMAVs for a given metal ranging from "1" for the
most sensitive genera (i.e., the genera with the lowest GMAV) up to "n" for the most tolerant
genera (i.e., the genera with the highest GMAV), where "n" represents the number of GMAVs
calculated for that metal. The cumulative probability for that metal was calculated as
Rank/(n+l). The four GMAVs with a cumulative probability closest to 0.05 were selected to
calculate the FAV for that metal. FAVs were then calculated using the four selected GMAVs
and cumulative probabilities for each metal of concern according to the set of equations (7-1)
in Appendix A. j

i
i

This procedure was used to calculate site-specific FAVs; however, only those toxicity
i

data available in the AWQC documents for organisms known or suspected to occur within the
subsite streams and ponds were used. Hence, the GMAVs used to calculate the FAV were taken
from the AWQC document for a given metal for warm water species potentially occurring in
intermittent streams of southeastern Kansas. Species selection was based on data developed by
KDWP (1992b,c), the Kansas Department of Health and Environment (KDHE) (1992), and
results from the remedial investigation field efforts conducted in 1991. According to the KDWP
(1992b,c), aquatic vertebrates most likely to occur in ephemeral streams of southeastern Kansas
include yellow bullhead, black bullhead, green sunfish, black-striped topminnow, bullhead
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minnow, bluntnose minnow, red shiner, and mosquitofish. Species, in addition to those listed
by the KDWP, that were collected during the 1991 field investigations include several species
of centrarchids (pumpkinseed, bluegill, warmouth, and largemouth bass, and black crappie), and
cyprinids (minnows). Benthic invertebrates were not sampled during RI field activities since fish
were considered an integrator of possible impacts and represented the primary aquatic receptor
of concern. However, benthic invertebrate data are available for a site near WC-2 on Willow
Creek (KDHE, 1980). The aquatic invertebrate species collected were mayflies, stoneflies,
aquatic beetles, flies, mosquitoes, midges, dragonflies, damselflies, and water bugs.

The GMAVs were then ranked from 1 to n (from highest sensitivity to lowest).
Therefore, a new cumulative probability was calculated for each metal based on site-specific
data. The four lowest GMAVs (most sensitive Genera) were selected to calculate the site-
specific FAV using equation 7-1. Toxicity data presented in the AWQC documents not
representative of species known or suspected to occur onsite were excluded from the calculations
of site-specific FAVs.

Toxicity values for species known or suspected to occur onsite and the specific
calculations and toxicity data used to derive site-specific FAVs are presented in Appendix A.
The FAVs for each metal are summarized in Table 7-1. The FAVs, which at this point are

i
based on the default hardness of 50 mg CaCO3/L, are adjusted to reflect the mean hardness of

i

all on-site waters (190 mg CaCO3/L) using the metal-specific equations (7-2 and 7-3; Appendix
A) obtained from the respective AWQC documents.

The FAV was then converted to a final chronic value (FCV), since the goal of the
toxicity assessment is to derive chronic TRVs for all ecological receptors. FAVs were converted
to FCVs using the final acute-to-chronic ratios calculated by EPA and included in the AWQC
documents. An acute-to-chronic ratio was calculated by EPA for a given melal for each species
for which both acute and chronic data were available from the same test. A geometric mean
acute-to-chronic ratio was calculated for the subsite surface waters using the individual acute-to-
chronic ratios (provided by EPA) for the species known or suspected to occur onsite (i.e., for
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Table 7-1. Adjusted FAVs, Chronic Values, and TRVs for Aquatic Receptors

Metal8

Cadmium

Mercury

Nickel

Lead

Zinc

Iron

Final Acute
Value
(FAV)
(MSI/L)

34.451

17.004

4049.879

256.152

1013.954

NAe

Pooled
Slope"

1.128

NAC

0.846

1.273

0.847

NA

In (Y-
Intercept)
based on 50
mg CaC03/L

-0.873

NA°

5.000

0.566

3.607

NA

FAV
Adjusted to
a Hardness
of 190 mg
CaC03/L
(/ig/L)

155

17

12,530

1401

3142

NA

Acute-to-
Chronic
Ratio6

NAd

3.73

17.99

51.29

2.21

NA

Final
Chronic
Value
Oig/D

7.92

4.56

696.48

27.32

1423.21

NA

Toxicity
Reference
Value
(mg/L)

0.008

0.005

0.7

0.03

1.4

1.0

8 Copper, manganese, and silver were eliminated, since upper-bound concentrations of these metals
measured in on-site surface water bodies did not exceed chronic AWQC or other values reported to
be toxic to aquatic life (see Section 7.2).

b Source: Metal-specific EPA Ambient Water Quality Criteria documents.
c Hardness does not affect the toxicity of mercury; hence the FAV for mercury does not need to be

adjusted for hardness.
d An acute-to-chronic ratio is not available for cadmium (USEPA, 1984a). See text for alternative

calculations.
6 A site-specific TRV for iron was not calculated, since the Federal AUQC value of 1.0 mg/L was

sufficient.



the same species used to derive the FAV for that metal). A geometric versus arithmetic mean
value was used in order to be consistent with the EPA's AWQC methodology.

The FCV was derived for each metal of concern (excluding cadmium) by dividing the
FAV (adjusted for a hardness of 190 mg CaCO3/L) by its geometric mean acute-to-chronic ratio.
Acute-to-chronic ratios were not calculated for cadmium by EPA. Hence, an ;ilternative method
was used to derive an equivalent cadmium TRY for the subsites. The adjusted FAV listed in
Table 7-1 (as calculated from the GMAVs for species known or suspected to occur onsite) and
the predictive regression equations developed by Suter et al. (1987) and Suter (1986) were used
to derive a site-specific TRV for cadmium based on the concept of Maximum Allowable
Toxicant Concentration (MATC). The MATC is the standard chronic test endpoint for aquatic
toxicity testing. It is the calculated or approximated threshold for statistically significant effects
on growth, reproduction, or survival. The MATC is defined as the effects threshold at or below
which adverse chronic effects are not expected to occur (Suter, 1992). The MATC is the
geometric mean of the highest no-observed-effect concentration and the lov/est concentration
causing a statistically significant effect on growth, reproduction, or survival in a life-cycle
toxicity test (Mount and Stephan, 1969) and was considered equivalent to the FCV derived using
methodology in Stephan et al. (1985). The acute-to-chronic ratios used for each metal and their
corresponding FCVs are listed in Table 7-1.

Regression equations that provide estimated MATCs have been developed for aquatic
i

vertebrates (Suter et al., 1987) and for aquatic invertebrates (Suter, 1986). The regressioni
equation for aquatic [vertebrates (Suter et al., 1987) yielded a more conservative (lower) MATC
than the equation for invertebrates (Suter, 1986), and was used to develop a MATC for cadmium
that would be protective of all aquatic organisms. This adjusted MATC, which is listed in Table
7-1, was used as the TRV for cadmium.

i

In summary,! the site-specific criteria for each metal of concern was calculated by
following a step by step approach as described early in this section. This approach involved the
use of several data evaluated and calculated by EPA. LC50 levels for certain species and genera
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were used by EPA to calculate species and Genus Mean Acute Values, the latter of which was
used in this document to calculate Final Acute Values (FAVs) for each metal, of concern. The
FAVs were then adjusted for the site-specific surface water hardness of 190 mg CaCCyL to
more accurately reflect the toxicity of the various metals considering hardness generally
ameliorates metal toxicity. Final Chronic Values (FCVs) were then calculated for all metals,
except cadmium, using the acute to chronic ratios provided in the respective ambient water
quality criteria documents. In the case of cadmium, a Maximum Allowable Toxicant
Concentration (MATC) was calculated according to Suter et al. (1987) and the resulting product
was considered the FCV. The FCVs (converted to mg/L) were identified as the Toxicity
Reference Values (TRVs).

7.3 TOXICITY REFERENCE VALUES FOR TERRESTRIAL RECEPTORS

For terrestrial wildlife, there is imperfect correlation between the species and endpoint
(effect) measured and the species and endpoint of concern such that available toxicological data
must be adjusted t^ account for these scientific data gaps. For example, lexicological data
measuring a chronic! effect in mink are not available, while data for other related species were
available. Use of toxicity data for surrogate species (i.e., for species other than the species of

[
concern) and for effects other than chronic effects introduces uncertainty into the toxicity

i

assessment calculations. The magnitude of that uncertainty depends upon (1) the degree of
j

taxonomic difference between the key and test species; (2) the conditions under which the
toxicity data were established (e.g., test duration); and (3) the endpoint of interest (e.g., chronic
LOAEL) and the endpoint measured (e.g., death). In human health risk assessment, these
disparities are often dealt with by applying order-of-magnitude uncertainty factors (UFs). The
application of multiple order-of-magnitude UFs has its historical roots in the calculation of

s • •

"acceptable daily intakes" (ADIs) to determine safe levels of contaminants in food (Lewis et al.,
1990). For example in human health risk assessment, an UF of 10 is usually zipplied to account
for variation in sensitivities among individuals (i.e., to protect sensitive subpopulations). An
additional UF of 10 is used to account for the interspecies variability between humans and other
animals. A third factor of 10 is often applied to, extrapolate a subchronic (or acute) value to a
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chronic value. Since the UFs are simultaneously applied, the presumptive assumption is that
everything will go wrong every time at once. To illustrate this point, consider an ecologic
example: the most sensitive life stage of the most sensitive species will be exposed to the most
concentrated effluent at low-flow conditions while debilitated by stress (Barnthouse and Suter,
1986). Clearly, the aforementioned example represents an extremely conservative scenario that
is unlikely to consistently occur in an ecologic system. Thus, under the original method, UFs
were not "best estimates" of the true No-Observable-Adverse-Effect-Level (NOAELs) but were
upper-bound estimates that yielded a highly conservative value.

In this assessment, uncertainties associated with using toxicological data were offset by
applying various uncertainty factors to the laboratory or literature endpoint values to better
approximate chronic effects with a margin of safety considered adequate to protect terrestrial
populations using the equation:

Toxicity Reference Value .

where: UF1 iis an adjustment factor to account for anticipated differences in the
susceptibility between the key species of concern and the test imputation (i.e., to
account for interspecies variability).

UF2 jis used to extrapolate data; from acute or subchronic studies to chronic
toxicity estimates. This factor is predicated on the expectation that continued
exposure at a given dose rate will produce increasing effects that may not be
evident after subchronic exposure. Again, subchronic exposures are defined as
those|lasting less than 10 percent of the animal's lifetime (Suter et aL, 1987).

Thus, subchronic or acute data for surrogate species were used only after they had been adjusted
(through the application of specific uncertainty factors) to reflect chronic effects for the key

species of concern.
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Even though cobalt and manganese were identified as COCs in near-pile soils, copper andI ' i
mercury were COCs in air, and copper, iron, manganese, mercury, nickel, and silver were

i '
identified as COGs in subsite ponds in addition to cadmium, lead, and zinc, terrestrial receptors

j !

were assumed to be exposed to cadmium lead, and zinc only. At the time mice and fish tissue
samples were collected, cadmium, lead, and zinc were suspected to be the; most prevalent and' i i ipotentially toxic site-related metals. Hence, ,tissue samples were analyzed arid dose estimates

I - I > •for terrestrial receptors are presented for these three metals only. The uncertainties associated
I •

with excluding other COCs is discussed in Section 9.0.

Lowest-Observable-Adverse-Effect-Level (LOAELs), or the lowest concentration that
causes a significant adverse effect in test organisms, available for various avian and mammalian

I . !

species used as surrogates for raptors and the mink are presented in Tables 7-2 and 7-3,
i : -

respectively. Data on the toxicity of cadmium, lead, and zinc to the red-fciiled hawk and the
! . I

barred owl was not available, so data for surrogate avian species, including quail, chickens,
i . i , ;

doves, pigeon, ducks, kestrels, chicks, and mallards, had to be used (Table 7-2). The reported
LOAELs based on oral administration varied by a factor of three for zinc to a factor of 370 for
cadmium. These data show that there is a tremendous amount of variability in the response of

i Ivarious laboratory avian species following exposure to lead. Similarly, studies evaluating the
toxicity of metals to the mink were not available, so data on the toxicity of cadmium, lead, and
zinc to rats, mice,) rabbits, sheep, pigs, and dogs were used (Table 7-3). For mammals,
published LOAELs jvaried by a factor of 470 for cadmium, by a factor of 33 for lead, and by
a factor of 7 for zinc. These data show that there is a tremendous amount of variability in the

' ! : - ;

response of various (mammalian and avian species following exposure to some metals. t
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Table 7-2. Toxicity of Metals to Avian Species"

wmmmmXixmxzmizmmiiijiijiij§iiiiijiimj^
9ix^jji^^\ii^jiiiiji§

CADMIUM

Japanese quail (young) ,..--
JCotur-inex- coturinex)- — ~

Chickens '

1 -week-old Wood Ducks
{Aix spousaj)

Mallard ducklings
(Anas platyrhyhchos)

1 -year-old Hal lards
jJAnas platyrhynchos)

Hens

-LEAD —— — —— - ——

Mallards
^Anas olatyrhvnchosj

1 -year-old Mallard Drakes
(Anas olatyrhvnchos)

Chickens

Mallard
(Anas Dlatvrhvnchos)

Mallard
(Anas platyrhynchos)

Japanese quail .
(Coturinex ' iaponica)

__. -

JiillXisiiî ilia îffî

- 75 __ _„

75

100

U.6d

210

50
— —— -. — ----- ——

5

21.6 (as lead
acetate)

300

151

25
(as lead nitrate)

25
(as tetraethyl

lead)

|||JM̂ |i«||;o||l
i;ii:iiiSi:yjidu§is:;s:
|||||||t|||il|

_ __8— ---

NAC

7

36

40

NA
—— - ————

NA

20

NA

NA

NA

NA

3S$M:!w:̂ $8*;MSx8

5î P!iiJrjjiS;Jpn;;o:fj;||i
|||||xi»S!ijii?el||||

—— 42 days" ——

NA

90 days

90 days

90 days

NA

21 days

12 weeks

NA

NA

12 weeks

NA

ll̂ ^̂ l̂ l̂ ll̂ ii?iliilBiiilliil̂ S!

""Ventricular hypertrophy; anemia;
testicular and bone marrow hypoplasia

Reduced body weight; anemia

Severe kidney lesions

Significantly lower hemoglobin levels;
sever kidney degeneration

Decreased kidney weight; suppressed egg
production

______Reduced-egg-prociuction~

Depressed blood ALAD activity;

40% reduction in blood ALAD activity

Decreased growth

Depressed blood ALAD activity; some
deaths

Depressed blood ALAD activity

Death-

^R^sî ^sî ^
-

Richardson et a I., 1974

Free I and and Cousins,
1973

Mayack et al., 1981

Cain et al., 1983

White et al., 1978;
White and Finley, 1978

__ -— ——————— - — ———— "" '

Anke et al., 1970

Demay et al., 1982

Finley et al., 1976

Demay et al., 1982

Dieter and Finley, 1978

Finley et al., 1976

Eisler, "1988

.__—-_— — -

•

9
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Table 7-2. Toxicity of Netals to Avian Species (Continued)

— —— -- ————

•

wiiliiiiiiiiffi
American kestrel
(Falco sparverius)

-American- kestrel" ~"~~
nestlings .
(Falco soarverius)

Chickens (Callus sp.)

Ringed Turtle Oove
(Streptopelia risoria)

ZINC

7-week-old Mallard
Ducklings __ __ __. _
jAnas piatyrhynchos)

2-week-old Chicks

3-day-old Peking
Ducklings

WiifWtM^iiiiii

50 (as lead
powder)

- - - - - -"-ga- •-—— -'

1850 (as lead
acetate)

75 (as lead
acetate)

3000

1000f

(as zinc oxide)

2500
(as zinc sulfate)

||NU|W||||||
;:;si;ndiv.ioiuais:Ss
||||||li|all|

NA

NA

NA

NA

50

88

130

l̂iBu^a't̂ prtiilipilli
||||E|pl3sii!;iinfll|i

5 months

10 days

4 weeks

single oral
dose

_45_days _ —

28 days

56 days

Blood ALAO reduced 80% _

Reduced blood ALAD

Growth rate suppressed 47%

Some deaths; kidney damage

— Decrease-in-gonadal~weighty paralysis;
anemia

Pancreatic lesions

Cellular atrophy; pancreatic lesions

mmxvmimmmm mm«**
M&Zf^MtKXf&SZiZ: SS&&Snil

Franson .et^al . ,-1983 —
(cited in Eisler, 1988)

Hoffman et al., 1984
(cited in Eisler, 1988)

Franson and Custer,
1982 (cited in Eisler,

1988)

Kendall and Scanlon,
1982 (cited in Eisler,

1988)

Gasaway and Buss, 1972

Dewar et al., 1983

Kazacos and van Fleet,
1989

——— -- ~ —

•

8 These data were used to derive toxicity reference values for the red-tailed hawk and the barred owl.

LOAEL = lowest-Observable-Adverse-Effect-Level. All doses were administered orally.
c NA = data not available
d The LOAEL for the Mallard ducklings was selected since (1) they represent an early (and probably more sensitive) life,stage-and-(2-)-the -

associated test was of the longest duration even though the mallard (an Anseriform) is not as closely related to the raptors (Fatcom"formes) as
the quail (a Galiform).

8 The LOAEL for the American kestrel was selected since (1) the kestrel belongs to the same Order as the raptors (both are Falconiformes) and (2)
the test species represents an early (and probably more sensitive) life stage (nestling).

The LOAEL for the chicks was selected since ̂ 1) aj_l three._values -are -for young individuals that probably represent a more sensitive life stage,
and._(2)_chickens (Galiformes) are'more closely related to raptors than the mallard or the duck (Anseriformes).
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1 -
1

1

llllllllilll
||||̂ 3ai|?iiS|l|

•
Table 7-3. Toxicity n

IllloulaffollolllP
llllllxposwiilll

• :

f Metals to Terrestrial Nanaals8 '
1

i

:jlijjiii®iijifijm
^i^iJ^^/^gS^^ii^m^

CADMIUM

Mice

Rats

Rats

Rats

Rabbits

Lamb

Pigs i

4 weeks

82 - 90 weeks

2 months

NA

6 months

NA

NA

llll||l:|sief|ire|wfl|i;:f:::s|

0.95°
i

1.8

I

10

15.5 (in drinking water)

LEAD
I

Dog

Dog

Dog

Rabbit

Pregnant
sheep

Rat t

Rat ;

180 days

12 weeks

12 weeks

N/Ad

59 days

NA

20 months

60

450

Ogoshi et' al., 1989

Fingerle et al., 1982

Ui Ison et', al . , 1941

Schroeder and
Kitchener, 1971

I

Stowe et al., 1972

Doyle et al., 1974

Cousins et al., 1973

3d

100

100 (as lead acetate)

>5

9 (as lead acetate)

25 (as soluble lead
salt)

i 5

Cltirk, 1979

Cla,rk; 1979

Maxfield et al., 1972

Barth et al., 1973

James et al., 1966

Schroeder and
Kitchener, 1971

Kopp et a I., 1980a,b

ZINC ! !

Mice '

Rats . i

!

Rats (

5 - 1 4 months

NA"

73 days

! 38C

!ii
I 250

Aughley et al., 1977

Fahim et al., 1975
(cited in Venugopal

and Luckey, 1978

Kinnainon, 1963

These data were used to derive toxicity reference values for the mink.
b LOAEL = Lowest-Observable-Adverse-Effeet-Level.
c This LOAEL was selected since both rats and mice belong to the order Rodentia (i.e., one species

is not more closely related than the other), and the mice value was lower than the rat value.
d The LOAEL for the dog was selected since dogs are more closely related to the mink than rabbits or

rats (both{the dog and the mink belong to the Order Carnivora), and this value was the lowest
value. j I ;

NA = data hot available



The best study was selected using the following criteria suggested by Dr. Glen.Suter of
i 1 ' ! ':Oak Ridge National Laboratory (personal communication, December 2, 1992). Ideally, tests

involving animals from several different life stages or tests conducted on early life stages would
be used. If these data are not available (e.g., only tests done on adults are available), then tests
of long duration where the route of administration is via the food and where the test species is
closely related to the key species of concern should be selected. Species that are closely related

i j '
(taxonomically)lcan serve as surrogates for those species expected to occur on site if insufficient
toxicity data exists for those key species. It is, therefore, possible to select pne or more of the
commonly tested species as surrogates for species found at a site during; the assessment of
toxicity (USEPA, 1992). The intent of surrogate species selection is to minimize physiological
differences between species potentially occurring on site and those from :which there is an
abundance of toxicity data. Hence, it was not necessary to arbitrarily select the lowest
benchmark value available.

|

Using these guidelines, the data noted (see footnotes) in Tables 7-2 and 7-3 were used
to calculate TRVs (Table 7-4) for the raptors and the mink, respectively. If not specifically
stated, all LOAELs were assumed to be based on oral administration, since this is the standard
route of administration of terrestrial toxicity tests. For the raptors, the LOAEL for mallard

• I • •ducklings (14.6 img/kg-day) was selected from the available cadmium data since (1) the
associated test was of the longest duration, and (2) ducklings represent an early and probably
more sensitive life stage even though the mallard (an Anseriform) is not as closely related to the
raptors (Falconiformes) as the quail (Galiformes). Similarly, the LOAEL for the American

: i ' ' IKestrel or sparrow hawk nestlings (25 mg/kg-day) was selected from the; available lead data
since (1) the test species represents an early life stage, and (2) the kestrel and the eagle are both

| j < '
Falconiformes. Finally, the LOAEL for the! chicks (1000 mg/kg-day) was selected from the

, ! j i
available zinc toxicity data since (1) the two-week old chicks probably represent a sensitive lifei I . :stage, and (2) chickens (Galiformes or grouse-like birds) are more closely related to raptors than

I , ;
the mallard (Anseriform). For the mink, the LOAEL for mice was selected over the LOAEL

! t
for rats for cadmium (0.95 mg/kg-day) and zinc (38 mg/kg-day) since (1) both rats and mice
belong to the order Rodentia (i.e., one species is not more closely related to the mink than the
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Table 7-4. Toxicity Reference Values for Terrestrial Receptors

(

Metal

1
Literature Value

Selected
(mg/kg-day)

RED-TAILED HAUK

Cadmium

Lead

Zinc i

14.6

25

1000
I

BARRED (ML

Cadmium :
I

Lead i
I

Zinc i

Uncertainty
Factor

Toxicity Reference
: value \

(mg/kg-day) :
I i

9"

9

9

1.6

8.3 i

: 111

14.6 I

25 I
1000 !

9

9

9

1.6
1 8.3

, 111 !

MINK i ! ,
]

Cadmium i
i

Lead i
I

Zinc ;

0.95

3 I

38 ! .

9

9

9

: 0.1
. 0.3

i 4.2

UF1 (interspecies extrapolation) = 3 and UF2 (acute-to-chronic extrapolation)
= 3, since the test duration was not longer than ,10% of the animal's lifetime.



I ' Ibelong to the order Rodentia (i.e., one species is not^more closely related! to the mink than the
other), and (2) the mice value was lower (more conservative) than the rat value. The LOAEL
for the dog (31 mg/kg-day) was selected from the available toxicity data for lead since (1) dogs
are more closely related to the mink than rabbits or rats (both the dog and the mink are
Carnivores), and (2) the test for the dog was of the longest duration.

Once the single "best" toxicity data had been selected, it was necessary to adjust these
values by applying UFs to reflect the key species of concern and to rellecl chronic exposures
(i.e., to apply an interspecies and an acute-to-chronic extrapolation factor, if necessary). Lewis

et al. (1990) evaluated numerous studies regarding lexicological extrapolations from animals to
humans in an effort to determine more representative UFs. Although ihe focus of Lewis et al.
(1990) is on animal-to-human extrapolations, their theories and conclusions apply equally to

animal-to-animal extrapolations, since the terrestrial species evaluated in ERAs are often more
closely related to the species for which lexicological data are available than humans. TRVs for
terrestrial receptors were derived for each metal using Equation 7-1 and the following values for
UF1 and UF2::

UF1: Lewis et al. (1990) reported lhat UF1 may range from < 1 to 10, with values of
one lo Ihree being most likely A value of 10 indicates a high susceptibility in the
key species versus the test population, while a value of less tiian or equal to one
indicates the test organism was more sensitive than the key receptor species. A
value of 3 was used for UF1.1

I ! ;

r ' . '
UF2: Wjeil and McCollister (1963) 'found that in generating a full chronic benchmark

value from a subchronic one, a downward adjustment of the subchronic value by
a factor of Ihree was adequate! 73 percenl of the time. Extrapolating subchronic
to > chronic data 73 percent!of the time is considered reasonable for this
assessment, since the goal of this ERA is to protect populations versus individuals.
Therefore, a value of 3 wasj used to extrapolate subchronic data to e'stimate
corresponding values for chronic exposures.

In addition, since'the data upon which these extrapolations are based are lognormally distributed,
and three is a mid-point of a lognormal distribution (Dourson and Stara, 1983) the medial value
of 3 was selected. The chronic TRVs for raptors and the mink are presented in Table 7-4.
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7.4 TOXICITY REFERENCE VALUES FOR AMPHIBIANS

Potential adverse effects to T&E species were evaluated since the northern spring peeper \
has designated; critical habitat within mine-impacted areas within the subsites and Willow Creek j

i 1 i iand Spring Branch flow through designated critical habitat for several other T&E species,
primarily amphibians, lexicological data for the specific T&E species bf interest (i.e., the
species that ccjuld occur onsite or the species whose critical habitat could be affected by site-
related metals) were not available, so data for surrogate amphibians were used. Table 7-5 lists
the toxicity data for amphibians that were used to quantify potential adverse impacts to subsite
T&E species. As for terrestrial receptors, it was necessary to apply an inlerspecies and acute-to-

i j '.
chronic extrapolation factors to the available benchmark data to obtain chronic TRVs for the

! i
species of cone-em.

Although more conservative UFs are typically used for T&E species, the T&E species
of concern are '.state-listed not Federally-listed. The primary reason that the State of Kansas
listed these amphibians is to protect the westernmost range where they could occur, which
happens to extend into Cherokee County. Since their population numbers are not threatened,

i 'but their habitat is limited, UF1 and UF2 were each set at three, which was considered• i i •' I .

sufficiently conservative in this case.

7.5 PHYTOTOXICITY OF SOILS

It is not uncommon for metals in soil to be phytotoxic at concentrations less than those
I I ;'

that may result in human health or other ecological effects. Plants were assumed to be exposed
i \ - \

to metals in soil;, as reported on a total metals basis. This is standard practice, since total
elemental concentration is the form reported |by standard EPA-approved analytical methods. It
should be noted; however, that the given concentration of total metal will not be equally
available to all plants growing in different soils. The actual phytotoxicity of soils depends on
the pH and other'physiochemical properties of the soil, the chemical form bf the metal, and the
sensitivity of local plant species. i : . '

7-20
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Table 7-5. Toxicity Reference Values for Amphibians

Amphibian Species ;_ I. .

CADMIUM

Xenopus laevis

COPPER

Rana pipiens

LEAD

Rana nigromaculata

MANGANESE

Triturus cristatus carnifex

MERCURY

Rana nigromaculata

ZINC

Rana pipiens

.__ Life-Stage —

tadpole

tadpole

eggs

N/Ad

tadpole

adult

Exposure
—— Duration- - —

15-75 hrs.

life

to first cleavage

19 - 23 weeks

life

15 days

Range of
LOAELs"

- (mg/L)— -

80- 100

0.06-0.16

70

5

0.4 - 0.8

155

Mean
LOAEL
(mg/L)

90

0.11

——— 70 ———

5

0.6

155

Uncertainty _
Factor Applied

9b

3°

———— 9b ————

3°

3C

9b

Toxicity
_ .Reference- —

Value
(mg/L)

10

0.04

7.8

1.7

0.2

17.2

a LOAEL = lowest observable adverse effect level

b UF1 (interspecies extrapolation) = 3, and UF2 (acute-to-chronic extrapolation) = 3 since the test duration was not longer than 10% of the
animal's lifetime.

c UF1 (interspecies extrapolation) = 3, and UF2 (acute-to-chronic extrapolation) = 1 since the test duration was at least 10% of the animal's
lifetime. _ . _ _ . — . . . . _ . . _ - - —

d Data not available.

REFERENCE:_;Harfenist.et-al. ,-1989. -



The median concentration of metal in soil reported to be phytoto:ric in either laboratory
or field studies was obtained from the literature. These data, which are presented in Table 7-6,

' • • 'were used to derive TQs for plants. The data listed in Table 7-6 were compiled from numerous
sources and represent effects ranging from reduced growth to severe injury and death of ivascular

! •' '
plants. Use of crop yield reduction test data are the primary means of evaluating phytotoxicity
of metals (i.e.,i LOAELs or NOAELs are not generally listed for test species but could be
inferred from the available data). The phytotoxicity data used in the ERA are concentrations
which researchers estimated would cause some reduction in crop yield (e.g., zinc at soil
concentrations between 60 mg/kg and 960 mg/kg caused yield reduction in various agronomic
species ranging between 26 and 98 percent). Since the mean value is more susceptible to the

i
number of tests the researchers conducted and the metals concentration used, the median
phytotoxic concentration was used. The mean value has the effect of skewing the data in the
direction of most research results. For example, if the researchers conduct studies primarily
with high metal concentrations resulting in high crop yield reductions, then |the resulting mean

i - •
metal concentration would be high and would not be a good indicator of the average I or low
toxicity value for that metal. Hence, the median value was used, as it was considered more
representative of, the range of data shown to be phytotoxic.

j • !
i • i . . ,

7.6 TOXICITY; PROFILES FOR THE COCs

Table 7-7! presents general information and contaminant-specific discussion on toxic
effects of the COCs evaluated in the ERA for jthe BS/T subsites. Three categories of effects are

! ' • '
considered: phytotoxicity, toxicity to terrestrial receptors, and toxicity to aquatic organisms.

' i ' • : IThe values presented in Table 7-7 are not concrete in that organisms and populations may adapt
: 1 . i :to higher concentrations without indications of adverse effects, and some organisms and certain

life stages may be more susceptible than others. . !

7r22
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Table 7-6. Toxicity of Metals to Plants

•>! -i;:-';;-:';-:::-::-';;;:i::":>;:-̂ :'::::::r;::::-:;:';':::::::-::;̂ :-:::::-:::::;:::::::-:̂ ;-:':-i-i
'•:•: ;'-:::::-:::::::::':::::::W::;::-:::̂

£ '&^-^&xi£/l ''$t'£\'-ffi$£:££&%:&£:
-":-": :->VV":< '̂:-̂ V:-V:-':-V '̂:-̂ ;*]r*.vH*.*:::̂ :̂:::;v::>::--::::;:::;:'::-.:;-::,

Cadmium

Cobalt

Copper

Lead

Manganese

Zinc

II j|edlin;||n^tpfoxic ̂ CSncentratibri4 ;?

40

256

20.3

250

15006

240

I Ia. The phytotoxic data were compiled from numerous sources and represent, effects ranging from
reduced growth to severe injury and death of vascular plants. See Section 8.4 for additional
information.

I
b Minimum value was used because a range of data and, hence, a median value was not

available.



Table 7-7. Smary of Potential Toxic Effects of the Potential Che»i calls of Concern
for the Baxter Springs/Treece Subsites ,

i

>:-:::-:::-x-::x Ho'f'A f >::x"x'x::'x:•••:•:•:-:•:•:•:•:• ̂R? . M*.* :•:•+<-.•:•'•:<•

Cadmium

Cobalt

Copper

Iron

iSlŵ ^̂ ^̂ Ĥ B̂ gSjSî fisSSS*:
WmKflW&Wic^ff<i!tt:MlfK

Non-essential element for
plants and may be phytotoxic
at low levels (Friberg et
aV.. 1971).

i
Cadmium concentrations in
plants of 130 ppm for leaves
and 898 ppm in roots causes
wilting and leaf burn
(Adriano, 1986).
!

Plant levels of 25 ppm can
cause reduced productivity
in some species (Kabata-
Pe'ndias and Pendias, 1984).

I
A high cadmium-to-zinc ratio
reduces available zinc and
increases cadmium
bipavai lability. A
synergistic relation exists
between cadmium and lead.
!

Cobalt is an essential
element for plants.

i
- | •

i : •
i

Copper is an essential
nutrient for plants.

i
Soil concentrations greater
than 36 mg/kg may cause leaf
chlorosis in plants
(Adriano, 1986).

• i
:: t

,: i

':

I

. ;
j ; . ;

: I :
'

\

NAb
- i

i. '• '

Wjj^jj^ij^^^ij§j^^f

Non-essential element for
animals (Friberg et al..
1971).
|

Cadmium ingest ion of 50 fig/g
for 10 days by rats caused
anemia and renal injury
(Friberg et al., 1971).

Cadmium has a high
toxicologic potential in
mammals enhanced by its
ability to bioaccumulate in
mammalian tissues and to a
poor or nonexistent
homeostatic mechanism
(Venugopal and Lucky,
(1978).

Renal damage is the classic
symptom of chronic cadmium
poisoning (Venugopal and
Luckey, 1978).

Cobalt is essential for
animal nutrition.

Rats can tolerate up to 200
ppm, sheep up to 10 ppm,
cat-tie up to 20 ppm without
experiencing adverse effects
(Venugopal and Luckey, 1978)

Copper is an essential
nutrient for animals.

Dietary exposure of 10 to 15
ppm may cause blood
disorders in small mammals
(Smith and Rongstand, 1982;
Blus et al., 1987).

Copper tends to accumulate
in the liver.

i

i
ii
t

i
j
i .

NA" ! :

•

:smi:mm^i^^mrnMiswmm:;:s:::Toxic'i:Effects';::t6"!:Acjuatic-;;s

I

Toxicity affected by
hardness, pH, organics.

^
Acute values range from
1.0 M9/L for rainbow
trout to 28,000 jig/L for
a miiyfly (USEPA, 19840).

Chronic values range from
0.1!i/fig/L in Daphnia to
156 (ig/L for Atlantic
Salmon (USEPA, 1984a).1

Cadmium bioconcentrates.

•

i
':

N/Aa

i
,

Copper is an essential
nutrient for aquatic jlife
but toxic in low
concentrations.

!
Acute toxicity ranges'
from 16.7 M9/L for '
northern squaufish to
10,240 /tg/L for a ]

stonevly (USEPA, 1984b).

Chronic toxicity ranges
from 2'i.9 M9/L for brook
trout to 60.4 jig/L for
northern pike (USEPA, :
1984b). ;

Toxicity affected by ;
hardness, alkalinity, pH,
total organic carbon, j

Copper; toxicity primarily
rated to Cu ion and;
ionized hydroxides. \

The pr'imary form of
concern is the aquatic;
enviror»nent are ferrous
or bivtilerit (Fe+ + ), and
fern's or 'trivalent
(Fe"1"1"1") icons.



Table 7-7. ry of Potential Toxic Effects of the Potential Chemicals of Concern for the Baxter
Springs/Treece Subsites (Continued) i '

Metal

Lead Lead is a non-essential
element for plants (Demay et
at., 1982).

Lead interacts syner-
gistically with cadmiun and
antagonistically with
calcium, phosphorus, and
sulfur.

Lead is a non-essential
element for animals (Demay
et al., 1982).

Lead concentrates in animal
liver and kidneys at rela-
tively high ingest ion (138
mg/kg) and may cause blood
disorders in small manuals
(qaccoons) (Demay, et aI.,
1982).

Toxicity affected by
hardness, pH. '

Acute toxi cities range
from 142.5 iig/l for an
ampliipod to 235,900
for a midge (USEPA,

Chronic toxi city ranges
from 12.3 itg/l to 128.1
119/1 for a cladoceran
(USEPA,; 1984c).

Lead bioconcent rates.

Manganese Manganese is an essential
nicronutrient in plants.

Manganese may be toxic to
plants at concentrations
around 1.0 mg/L in
irrigation water applied to
soils with pH <6.0 (USEPA,
1986).

Manganese is an essential
micronutrient for animals.

Manganese not known to be
toxic to animals. It is the
least toxic of the essential
metals (Venugopal and
Luckey, 1978).

Mammals can tolerate
concentrations up to 1000
ppnj without experiencing
adverse effects (Venugopal
and Luckey, 1978)._______

Manganese is an essential
micronutrient for aquatic
life.

Manganese ions are rarely
found above 1.0 mg/L
(USEI'A/1986).

i
Manganese generally not
considered to be toxic
for aquatic life.

Mercury N/A° N/AD Toxicity affected by
chemical special ion of
Hg.

Chronic values for methyl
mercury range from <0.07
Mg/L for brook trout 'and
Daphnia to 1.1 ftg/L for
Oaphnia tested in Hg II
(USEPA, 1984d).

Mercury bioconcentrates.

Acute values for Hg II
range from 2.2 jtg/l for
Daphnia pulex to 20,000
/ig/l for aquatic insects
(USEPA, 1984d). :

Nickel N/A° N/A° Toxicity affected by pH,
hardness.

Acute toxicity ranges
from 1,101 fig/L for a ';
cladoceran to 43,240 /ig/L
for a fish.

Chronic toxicity ranges
from K.8 fig/L with
Daphnici to 526.7 /ig/L for
fathead minnows.



Table 7-7. ry of Potential Toxic Effects of the Potential Chemicals of Concern for the Baxter
Springs/Treec'e SUtsites (Continued) ;

 ;

Silver Acute values for ,
invertebrates range! from
0.21) /ig/L for Daphnia
magna to 4,500 fig/1 for
Gamnarus pseudolimnaeus
(USEiPA, 1980).

i
Acute value for fish
range from 3.9 /ig/l for
Pimephales promelas 'in
safe drinking water to
280 ,ug/L for Onchorynus
gairdneri in hard water
(USEI'A, 1980).

No apparent relationship
between water hardness
and chronic toxicity
(U.S. ERA, 1980).

Chronic effects range
from 0.12 <ig/L for ;
rainbow trout to 29
for Cladoceran (USEPA,
1980)

Zinc Zinc is an essential element
for! plants (Adriano, 1986).

Zinc, calcium, and cadmium
are;especially antagonistic.

I
Zinc concentrations in
plants of 500 ppm causes
leaf chlorosis and stunted
growth (Kabata-Pendias and
Pendias, 1984).

i
Zincj interacts antagon-
istically with cadmium,
calcium, copper, and
phosphorus.____________

Zinc is an essential element
for'animals (Adriano, 1986).

Animals have relatively high
tolerance to zinc because of
efficient homeostatic
mechanisms that form organic
ring complexes or cause the
element to be excreted
(Smith and Rongstad, 1982).

Zinc is an essential
element for aquatic life.

Acute values range from
50.7 |ig/L for Oaphnids to
88,960 ng/L for a
damsel fly (USEPA, 1987).

Chronic values range from
46.73 for Daphnids to;
>5,243 ng/L for a caddis-
fly (USEPA, 1987). '•

Toxicity affected by
hardness, pH, organics.

Cobalt is not a COC for on-site surface water; hence, potential toxic effects to aquatic organisms were
not evaluated. j ' !

'• i I :
Mercury, nickel, and silver are not COCs for on-site soils; hence, potential toxic effects on plants and
terrestrial receptors were not evaluated.



8.0 TOXICITY ASSESSMENT: CALCULATION OF TOXICITY QUOTIENTS

Toxicity quotients (TQs) are a general method for assessing the environmental hazards
of chemicals. The TQ method is the direct arithmetic comparison of a concentration from

i i
a laboratory toxicity test with an expected or measured environmental concentration

i |
(Barnthouse and Suter, 1986). TQs are defined as the exposure point concentration (mg/L)
for aquatic receptors, the chronic daily intake (mg/kg-day) for terrestrial receptors, or soil
concentrations (mg/kg) for plants divided
TQ approach is routinely used by EPA

1
estimating risks to ecological receptors

>y chronic Toxicity Reference Values (TRVs). The
as the simplest, quantitative method available for
(USEPA, 1992). TQs were calculated the key

aquatic, terrestrial, and T&E species; in addition, data on the toxicity ofori-site soils to plants
were also evaluated. Results of the TQ assessment are discussed for each of these receptor

r i

groups in subsequent sections of this chapter.

Before discussing the specific TQ results, the criteria used to evaluate TQs is defined
and an explanation of how the TQ results were interpreted for the study is provided. TQs

1 iresults were evaluated using these criteria: (1) TQs less than 1 indicates that adverse effects
I |- ;

in exposed individuals or populations are not probable, and (2) TQs greater than 1 indicate
that adverse chronic impacts are possible. A TQ of 1 indicates that the measured
concentration equals a concentration that caused some impact in a certain test species under
a given set of experimental conditions. In this sense, TQs greater than or equal to 1 can be
used to indicate that chronic adverse impacts to exposed individuals are possible. Given that. 1 i
the goal of this ERA is to evaluate potential adverse effects on exposed populations, a TQ of
1 may be overly conservative. Within a given ecosystem, loss of some individuals in a
receptor group is acceptable if the entire population will not be adversely impacted.
Barnthouse and Suter (1986) state that "ecological risk assessments used in decision makingi 1 :
should be based, to the greatest extent possible, on objective estimates of ecological damage

: i ' '' ' ' -(e.g., probabilities of population extinction or reductions in abundance of plants and
animals)." Hence, a TQ greater than 1 does! not necessarily mean that effects observed in the
laboratory are likely to occur in the field or that exposures in the field are significant enough
to cause population-level effects. Furthermore, there is not a linear (one-to-one) relationship
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between increasing TQ values and the probability of adverse effects. For example, la. TQ of
2 does not imply that adverse effects are twice as likely to occur in a given system las a TQ
of 1. The intent of a TQ approach is to provide a continuous quantitative scale so that

i

evaluation arid rank ordering of potential impacts can be assessed.

__ ; ,

The TQ approach was used to evaluate the potential for adverse effects to receptors
within the same ecologic group. As stated in Section 5.0, selection of key receptor species
was designed to minimize the possibility that other species might be more exposed than the
selected key jspecies. Ecosystem effects were evaluated by analyzing potential impacts to
various trophic levels from primary producers (plants) to higher-trophic level organisms
(tertiary consumers). The focus on primary and higher-level consumers provides sufficient
data to assess the general condition of all trophic levels. Thus, by using lexicological data

j J
for the key receptors species selected for this site, it is appropriate to conclude that other
species within the same ecological group are unlikely to be adversely affected. For example,
if the red-tailed hawk, barred owl, and
selected for this site) are not expected to
assume that other less exposed terrestrial
However, these criteria do not apply to

the mink (the key higher-level^ terrestrial species
experience adverse effects, then it is reasonable to
wildlife are unlikely to experience adverse effects.
T&E species since they are given more stringent

individual consideration in the ERA. Potential effects to T&E species are discussed in
Section 8.3.

Finally, it is important to emphasize that results of the toxicity assessment represent
one of the many sources of data used to determine if exposure to site-related metals by
ecological receptors is likely to cause ^idverse chronic effects. Results of the toxicity
assessment shjould not be used as the sole means to evaluate potential chronic effects to
exposed receptors. Field biosurvey data, other pertinent information available in the scientific
literature, and results of the toxicity assessment were used in combination to yield a more

- ' ; I !

realistic picture of potential impacts to exposed populations. Field data were used to provide
tangible evidence of potential adverse (both acute and chronic) effects. Toxicity assessment

* - h Iresults and literature data were used to augment the field data to sense subtle chronic adverse

B:\Ecosec8.fd3 (03/23/93) 8-2



impacts that! may not be readily observable in the field. The validity and strength of the
various types of data used to evaluate potential adverse effects are discussed in Section 9.

8.1 TOXICITY OF METALS TO AQUATIC RECEPTORS

The potential toxicity of metals to aquatic receptors was evaluated using a balanced
approach. This approach involved comparing the arithmetic mean concentrations of metals
measured in pn-site surface water bodies with the TRVs (in Table 7-1) and comparing upper-

i ' ibound concentrations of metals measured in on-site surface water bodies with the Criterioni |

Maximum Concentrations (CMC) identified by EPA.

Usingi the mean total recoverable concentration data yields a realistic portrayal of
actual on-sitei exposures for these reasons:

1. Many aquatic organisms can tolerate infrequent pulses of high metals
concentrations (Mulvey and Diamond, 1991).

2.

3.

4.

Metals concentrations tend to vary temporally with changes in rainfall runoff
j amounts (Remedial Investigation).I i
I Arithmetic mean concentrations best reflect long-term exposure to varying
1 conditions (USEPA, 1989d).
| | '
I TQs based on arithmetic mean concentration data are more indicative of
potential population-level effects than upper-bound TQs, arid the goal i of this
assessment is to determine the potential for risk and the relative magnitude of
risk to receptors and areas.

Example TQ Calculation:

The TRY for zinc was estimated to be 1.4 mg/L (Table 7-1). Using the measured arithmetic
mean concentration of zinc in Tar Creek (9.2 mg/L from Table 3-8), the TQ for zinc in Tar
Creek would be 9.2 divided by 1.4 or 6.
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___ __ 1 I I

The resulting TQ of 6 suggests that individuals inhabiting Tar Creek may be experiencing
chronic adverse effects. Although the possibility of population-level impacts cannot be
definitely ascertained, these results suggest that population-level effects oh aquatic organisms
are possible.'

Results of the toxicity assessment using the arithmetic mean total recoverable
concentration data for aquatic organisms
Willow Creek, the Spring River, and
chronic adverse effects from exposure to

(Table 8-1) show that aquatic populations inhabiting
:he Neosho River are not expected to experience
the metals of concern since the TQs based on mean

concentrations and TRVs for these metals are less than 1. Results of the!toxicity assessment
i ! • 'indicate that adverse chronic effects from exposure to arithmetic mean levels of cadmium and

zinc by aquatic populations inhabiting Spring Branch and the subsite ponds and from exposure
I • • I ' :

to zinc by aquatic organisms inhabiting Tar Creek are possible (mean TQs range from 1 to
10).

Stephan et al. (1985) has established criterion for the protection of aquatic organisms
and their uses. This criterion is based,' in part, on a Criterion Maximum Concentration
(CMC) which is equal to one-half the Final Acute Value (FAV). EPA further defines the
CMC as that jone-hour average concentration which should not be exaseded more than once

I i !every three years on the average (Stephan et al., 1985). Comparison of field data collected
i ' '•and analyzed; during the remedial investigation efforts with the CMC indicate that TQs
' i <:

equaling or exceeding 1 imply potential toxicity to aquatic organisms within Spring Branch,
! I :

Tar Creek, arid subsite ponds.

Toxicity quotients equaling or exceeding 1 based on the upper-bound concentration and
the CMC (i.ei, upper-bound concentration divided by CMC) indicate that acute toxicity is
possible from | exposure to elevated levels; of cadmium and zinc in Spring Branch and from

i i i
exposure to elevated levels of zinc in Tar Creek and the subsite ponds. Despite this apparent

i | : j • i
acute toxicity,; fish were present in the streams. Although few fish (eight centrarchids) were

• i ' i "
collected from Tar Creek, numerous fish of varying genera (50 fish representing centrarchids,
ictalurids, andjcyprinids) were collected in Spring Branch. The biosurvey results indicate that
there may be site-specific factor(s) affecting the actual toxicity of these metals. These factors

i
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Table 11-1. SuHnry of Toxicity Quotients Based on Toxicity Reference Values .for the COCs in
On-Site Streams and the Spring and Neosho Rivers for Aquatic Organis

' I

f ' "
•j:::j:j:::!:£̂ ^

'^^^^•^^^^'^ff.

::;::Water|Body;?
llanil̂ tocsli

Adjusted to
lliHirdnê t |
I§:o1fl1l9(ilii8' *

Ill(ii/:̂ lii

I i!li!!;iliit!i!
; wmmMMMfx™*
I
% ji$j&jjii^$z
1 Concent rat ion"
1 lllî /iiSilll

! i

lllcriteiRiiSll |
illllJIaiM i| |

Concent rat oh
1 1

i
SPRING BRANCH (All Stations, N = 8)

Cadmium

Zinc

0.155

3.14

0.12

14.5

0.078

llllToKiciiylll
|||pSt;î t;l||

Based ;?on:;tlic ;l
W^Mf^tpjpmmf:
>\<(-:*?.*:vii-tt*;.Ki;'*;;f--<sssBssBouhn tmmz
iliipiti-BfiiSav

;|!T<i«;icjff||
'zHefweHni'S
ililVatiuietii

ii
? SArithiieticTOS
1
: :oncentrationa

1 Iifii/if ill

^^^^5 *̂3? *̂:
;;;i:l::li:;i;lllill;
Illlt̂ iciiii-|iii:S
|l|;:î ;iiOTpll|
||JBiiM |̂i(J!n;;tfiw!|
S;:'and;:- the-; Mean'1:;:

Concent rat i on
: I
; '. i

1.57 i

TAR CREEK (Downstream Stations Only, N = 6)

Manganese0

Zinc

NA i

3.14 t

NA

17.2

NA

1.57

UILLOU CREEK (Downstream! Stations Only, N = 8)

Cadmium

Lead

Zinc

0.155

1.401

3.14

0.002

0.02

0.81

0.078

2

9

0.008

1.423

0.08
! 9.9

10

7 '

NA

11

1.5

1.423

0.6

9.2

0.4

6

'

0.071

1.57

0.03

0.3

0.5

0.008

0.027

1.423

,0.0015

; 0.01
0.6

0.2

! 0.4

0.4

SPRING RIVER (HEAR BAXTER SPRINGS)"' '

Cadmium

I Lead

Zinc

I

0.155
t

1 .401 i

3.14 !

0.004

0.04

0.5

0.078

0.071

1.57

0.05

0.6

0.3

0.008

0.027

1.423

0.003

0.02

0.4

0.4

0.7

0.3
1 i •;

NEOSHO RIVER (NEAR THE MOUTH OF TAR CREEK)"1 ! 1

Cadmium

Zinc

i
0.155 !

i
3.14 !

0.002

0.6

0.078

1.57 !

0.03

0.4

0.008

1.423

,0.002

, 0.3

! 0.3 ii

0.2 I

6 Data are total recoverable values.
b Toxicity quotients are the concentration in water divided by the chemical-specific toxicity reference value;

toxicity quotients were rounded to one significant figure.
c Levels of manganese'ranging from 1.5 mg/L to 1000 mg/L are reported to be tolerable to aquatic organisms,

hence 1.5 mg/L was used for the TRV (USEPA, 1986).
i

e KDHE Storet database; see Appendix B.
f OURB, 1983; see Appendix B.



may include'the bioavailability of the metals (i.e., dissolved concentrations) and acclimation
or adaptation of the species present in subsite surface waters.

Centrarchids (Sunfish Genus Lep<mis), which are represented in both Tar Creek andI
Spring Branch, are one of the more zinc tolerant species (Genus Mezin Acute Value equals
10.5 mg/L, Appendix A). Tar Creek downstream station results showed mean concentrations
of 9.2 mg/L land an upper-bound concentration of 17.2 mg/L (Table 3-4). At these levels,
more sensitive species would be excluded (i.e., minnows, snails, isopbds). For Spring

i 1 ' 'Branch, the mean and upper-bound zinc concentrations were 9.9 and 14.5 mg/L, respectively
I '(Table 3-6) but a variety of genera were represented. An explanation of this apparent

- ' I
inconsistency} may be that the fish were collected near the mouth of Spring Branch, below
inputs from urban areas of Baxter Springs (the city's storm water runoff and limestone
bedrock seepage). These inputs may dilute the creek water and supply ofganics or minerals

i 'which would act to reduce the bioavailability of metals. This is exemplified by the fact that
the total recoverable mean zinc concentration at the downstream SB-2 station was roughly half

> • I
of that at SB-jl (7.5 vs. 14 mg/L). With' toxicity ameliorated to some; degree in the lower
segment of Spring Branch, some of the more sensitive species have become established (e.g.,
ictalurids and cyprinids). In summary, the results of the field data indicate that acute toxicity
is not occurring in these streams for select groups of tolerant aquatic organisms.

TRVs and TQs for each pond were calculated using pond-specific hardness and
concentration data (Table 8-2). Note that; the resultant TQs are less than or equal to 1 for
seven of the ten ponds sampled. All TQs for Ponds BP-2, BP-3, BP-4, BP-5, TP-1*, TP-6
and TP-9 were below unity. The Ballard bhat Wash Pond (BP-1) exhibited the highest TQ
(10 for cadmium). Other TQs exceeding unity included 2 for zinc (TP-5) and for iron (TP-
7); and 7 for tead (TP-7).

t

8.2 TOXICITY OF METALS TO TERRESTRIAL RECEPTORS

A tiered approach was used to determine if existing concentrations; of COCs in pn-site
environmental media are likely to cause adverse effects in exposed terrestrial populations.

B:\Ecosec8.fd3 (03/23/93) 8-6



Table 8-2

SuHary of Toxicity Quotients for COCs and TRVs
Adjusted for individual Pond Hardness

I
i

::::::::-:::::::;:::-:;::;:;::::;:;::::X_-:;:;:::::::::::::::;:::::;:::::::::;.:;::::;:;:;::::

Cadmium
-|
ilron

Lead
I
Manganese
1
Mercury
i
Zinc

POND BP-1 (CHAT WASH)
HARDNESS '= 1.110 Hg CaCO

siKiSSiSSsssissisjsisjifisjssjis^
îi:6hi6en4ir|î pi|<iii/iijj;̂

0.35

ND[(0.3)
1
0.12

0.24

OJ0003
i

7,.90

3/L

iî iiclii'ilisf
0.034

1.0

0.259

1.5

0.005

6.33

::::::::-:-:v::::xo:v:x:::;X;x::>£:;

10
I

0.5

0.5!

0.2

0.1i

1 ;

POND BP-2 (TAILINGS)
j HARDNESS = 130 ̂  CaCOj/L

lilllllliDbl̂ llIilil
I

Cadmiun
1
I'ron
I

Lead
1

Manganese

Mercury
i

Zinc

^Coliiiĉ l̂oiiî piî î
1

0.0005

ND (0.05)

ND (0

0,

ND (0

0.

1 ;

.0005)

04

.0001)

)83

0.006

1.0

0.017

1.5

0.005

1.03

iillTQllll

0.08!

0.05;

0.03,

0..031

0..02

0,08

i I
I POND BP-3 (TAILINGS)
I (FISH OBSERVED)
i HARDNESS = 840 ig CaOXj/L

:;S'illII;S:06&;:ilisl|Sl5

Cadmium

Iron

Lead

Manganese
!

Mercury

Z i he

wmrnmmmvmmmmmm:
Iii(:p̂ eWira't:i6n;;:;<iig/t)lli

ND (0.00004)
i

ND (0.2)

ND (0 002)

0.16

ND (0.0001)

0.32

liRvlSplil
0.027

1.0

0.183

1.5

0.005

5.0

iilijiallll
0.02 -

0.2

0.01

0.11 ;
0.02

0.06 ,



Table 8-2 (Continued)

try of Toxicif Quotients for COCs and TRVs
Adjusted for Individual Pond Hardness

1 1
i POND BP-4 (TAILINGS)
I (FISH OBSERVED)
i HARDNESS = 92 mg CaCOj/L '

Cadmium

'iron

Lead
1
Manganese
1
Mercury

Zinc

Concent rat i on (ig/L):
1

HD (0.0003)

'0.3
i

ND (0. 0005)
1
0.06

0.0005

01054

iT'RV̂ iiXi-W

0.004

1.0

0.011

1.5

0.005

0.77

mmmmmm
0.07

0.30

0.05

0.04

Ci.10

O'.07l
• i >t

i

ii
Xtff^Vt^tfffXifffiiSyxX:*:?^

mxMimti&tmtimm

Cadmium

Iron

Lead

Manganese

Mercury
I

Zinc

POND BP-|!
(FISH

HARDNESS =
::;:;:::;:::::::::::;:::;:::::;:;:::::::::::;x::;::>:;

lilCohcentrat

O.I

ND (

ND (0

0.

ND (0

1.

i (SUBSIDENCE]
OBSERVED)
470 ng CaCOg

i bri::i (Bj/ti:-) i>: '•:-••-

105

0.1)

.003)

28

0001)

30

/L
::X;>.;;¥5:v:-:::;:.:-:v.-:»:.jSx:.:.:-:

:;s:ifRVfi(Bs/t).;:B:

0.017

1.0

0.087

1.5

0.005

3.06

;:K-'K:;:S:¥X¥--:»K«;::::K;

ilslî ifQ'ltiliB

0..30

0.10;

0.04

0.19

0.02 !

0.42

POND TP-1i (SUBSIDENCE)
: (FISH 'OBSERVED)

HARDNESS = 560 ̂  CaOVj/L

mtmmmmtsMmxiifiiwmmmmxmm?mm
Cadmium

i
I ron

Lead

Manganese

Mercury
- • i • •Zinc

0.024

ND (0.1)

ND (0.002)
I

0.22

ND (0.0001 )

2.60

Urevlit̂ nLfl

0.019

1.0

0.108

1.5

0.005

3.55

illllTtBli
1

0.1

0.02

0.1!5

O.OI2

0.7:5



Table 8-2 (Continued)

ry of Toxicity Quotients for COCs and TRVs
Adjusted for Individual Pond Hardness

POND 1
(FI!

i HARDNESS

lliiBcllillillil
Cadmium
I
Iron

Lead
!
Manganese

Mercury

Zinc

P-5 (TAILINGS)
>H OBSERVED)
= 740 ma CaOXj/L

il:Co êWiir̂ tTonl:(ia/ti;)l¥l

0.032

ND|(0.2>

01025
• [
0.62

0 0004

9i. 70

!

l!lRpi(iiB/L:p-

0.024

1.0

0.154

1.5

0.005

4.49

Illllllfll

1

0.2

(1.16

0.41

0.08

2 i

POND TP-6 (TAILINGS)
(FISH OBSERVED)

HARDNESS = 680 ma CaCO /̂L
m^mmmmmmmm:iiiiiliPiCbcsiiiiiiiiii

i
Cadmium

Iron
t

Lead

Manganese
1

Mercury
i

Zinc

Illc'b ê̂ irati'bf»f(iiii8̂ 1):pi*

0.022

ND (0.1)
i

0.013

0.04

ND (0:0001)
t

0.39

l̂ ffPiiplt

0.023

1.0

0.139

1.5

0.005

4.18

1 ;

0.1

0.09

0.03

0.02

0.09

I
| POND TP-7 (TAILINGS)
j HARDNESS = j 110 *g CaCOj/L

mmmmmmmmmmmimimmxmmmm
t

Cadmium
I

Iron

Lead
i

Manganese
i

Mercury
i

Zinc '

iliCbrKentî atibriititia/L5)!:!
I

0.007

1.7

0.10
I

0.88

ND (0.0001)

1.20

iwir!:(iDi/i;;):*l:

0.005

1.0

0.014

1.5

0.005

0.89

;ii;;:;i;;TCiis;;i;i5

1

2

7

0.6

O.Oi?

1



Table 8-2 (Concluded)

ry of Toxicity Quotients for COCs and TRVs
Adjusted for Individual Pond Hardness

POND TP-9 (TAILINGS)
(FISH OBSERVED)

HARDNESS = 320 *a CaOXj/L

Cadmium

Iron

I Lead

Manganese

Mercury
!
'Zinc

Islfiiiineiiiihif̂

0.0025

ND (0.05)

0.031

0.10

ND (0.0003)

0.45

lllvl(iipL:;)ll

0.012

1.0

0.053

1.5

0.005

2.21

Ililftllllt

0.2

0.05

0.6

0.07

0.05

0.2

Parentheses denote constituent not detected at reporting limit shown.
Arsenic, barium, chromium, cobalt! selenium, and vanadium were not
detected. Nickel, copper, and silver are not shown because upper-bound
values are lower than the chronic
hardness.

AUQC, adjusted for individual pond

TRV was not calculated for iron. The acute AUQC of 1.0 mg/L was
substituted. This AUQC is not hardness dependent.

! • ILevels of manganese ranging from 1.5 mg/L to 1000 mg/L are reported to be
tolerable to aquatic organisms (USEPA, 1986), hence, 1.5 mg/L was used'as
TRV. !

i I
ND = Not detected; value in parentheses is one-half reported limit.



First, lexicological data available in the iterature were adjusted using the application of UFs
to obtain TRVs for key terrestrial species. Next, TRVs were complied to the worst-case
intake estimate for each key species. If the resulting TQ (i.e., the worst-case TQ) was less
than 1, adverse chronic impacts to exposed terrestrial populations are not likely. Finally, if
the worst-case TQ equaled or exceeded 1, then Reasonable Maximum Exposure (RME) intake
estimates were compared to the TRY ,to calculate an RME TQ. Worst-case exposure
estimates were used as a screening-level approach to derive conservative TQs. Since worst-
case dose estimates assume that an individual is exposed to upper-bound concentration of
metals in various environmental media, the probability that an individual would receive a dose
equivalent to| the worst-case dose is extremely small. It is not realistic to conclude that

I i
terrestrial receptors would consistently come in contact with the upper-bound concentration
of metal given that most receptors tend to
RME exposure scenario is more representative of expected exposure intensity.

have relatively large home ninges. Therefore, the

Table 8-3 lists the worst-case and RME dose estimates and TQs for the raptors and
the mink. The focus on primary and higher-level consumers is based on the rationale that

! tresults of these investigations would provide sufficient data to assess the general condition of
the terrestrial ecosystem. Results shows that exposure to cadmium, lead, and zinc is not
expected to cause adverse effects in raptors, since all worst-case TQs for the red-tailed hawk

\ 1 •
and the barred owl are less than 1 (worst-ease TQs range from 0.05 for zinc to 0.2 for lead).
Conversely, exposure to cadmium, lead, and zinc could cause adverse effects in the mink and

j i
animals with similar food base, since the worst-case and RME TQs are slightly above 1.

i j . ;
Worst-case TQs range from 2 for cadmium to 4 for zinc, while RME TQs range from 1 to
3. ' • : ' . I • , ' :
8.3 TOXICITY OF METALS TO AMPHIBIANS

For T&E species, protection of individuals and/or their critical habitat is essential.
! I

To fulfill this objective, a more conservative approach was used for T&E species than was
used for the other terrestrial and aquatic species of concern. Potential adverse effects were

i i

assumed possible if the upper-bound concentration of metal in on-site surface waters exceeded
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Table 8-3 Toxicity Quotients for the Key Terrestrial Receptors

:; i ̂ Re'ce^cipSancii

RED-TAILED HAWK

Cadmium

Lead

Zinc

BARRED OWL

Cadmium

Lead

Zinc

MINK

Cadmium

Lead

Zinc

11

t
l
i
i
i
i
1
i
i

||||Iox;|:c|̂ |||l
iiilSĝ e'rJe'nwIil

liiiroo î̂ K!

1.6

2.8

111

1.6

2.8

111

0.1

0.3

4.2

:i:;|;:;:;:::;:;:i:;:;:i:;:;:;:;:;:;:;:;:;:;:;S:i:|:i:

::;:;:;:i:;:;:;:;:;:|:̂ :;:;:;:i:;:i:;:;:;:;:;:;:::::::;

lilirelilale
i;i;p«b1wê l
iiiiilifllaŷ

i

0.16

0.50

5.15

0.19

0.59

6.1

0.19

0.96

16.5

II

I
I
|
i

I

m^^mf^Mijm
Sfts;U6f.s'fsCase'i«::B
IlliwiSiitylii
llllĵ lj&iil

0.1

0.02

0.05

0.1

0.03

0.05

2

3

4

iiiniPiiiiii:Hiiii
:':-o:::::::::: :tvX;": T*™!™.' ;-;••::" vt; x>;-:-x-:'»;

Siiil ilboise;liwils:

:lll:fi*M ŷ;)ll:I
I

0.07

0.26

3.5

0.08 ,

0.31

4.1

0.11

0.63

13.6

mmmmmmmmmmm
llillllllllillllllil
IlIllllSHElIlllll
Illllit̂ iclpiiii
|||l|iii|jo'jt;:i;ie!int|||||l

NAC

NA

NA

NA

NA

NA

1.0

2

3
I

8 Toxicity quotients are the dose divided by the
'significant figure.

b Reasonable maximum exposure scenario.

toxicity reference value. TQs were rounded to one

Calculated only if the worst-case TO was greater than or equal to 1.



the metal-specific TRVs listed in Table 8-4. This approach is conservative, since it is
unlikely that JT&Es would remain in prolonged contact with surface water contaminated at the
upper-bound] level. Conversely, this approach also assumes that direct contact with surface
water is the tole and primary means of T&E exposure. The data in Table 8-4 show that
exposure to site-related metals is not expected to cause chronic toxic effects in exposed T&Es
even when upper-bound concentration data are used to calculate TQs. With the exception of
zinc in Tar Greek, TQs based on the upper-bound concentration of toital 'recoverable metalsi
in surface water were less than 1 (upper-bound TQs ranged from 0.0002 for cadmium in
Willow Creelc and the Neosho River to 0.8 for zinc in Spring Branch). The upper-bound TQ

1 1
for zinc in Tar Creek is one, which indicates that adverse chronic effects are possible in
amphibians exposed to Tar Creek water.

8.4 PHYTOTOXICITY OF SOILS

Metals concentrations in near-pile and Ag/A soils were used to estimate whether these
two soil types were expected to be phytotoxic. The phytotoxicity of mine and mill wastes
(includes excavated chat and mill-site soils) was not evaluated in this report since physical
limitations associated with these materials apparently limits or precludes vegetative growth
regardless of'metals content (i.e., lack of moisture, nutrients, and organic matter). To

t i ,

evaluate the potential phytotoxicity, metal jtoxicity data for agronomic species were obtained
(Table 8-5). 'The phytotoxicity data are concentrations that researchers estimated caused some
reduction in crop yield (e.g., zinc at soil concentrations between 60 mg/kg and 960 >mg/kg

' icaused a 43 to|98 percent reduction in yield in various agronomic species, see Appendix C).
i ' : :

A mean value jwas calculated but was assumed to be more susceptible to the number of tests
I ' - -the researchers conducted and the concentration of metal used in a given study and has the
! j

effect of skewing the data in the direction of most research results. For example,'if the
researchers conduct studies primarily withj high metal concentrations resulting in high crop
yield reductions, then the resulting mean metal concentration would be high and would not
be a good indicator of the average or low toxicity value for that metal. Hence, the median
value was used, as it was considered more representative of the range of data shown to be
phytotoxic. Upper-bound and mean metal

B:\Ecosec8.fd3 (03/23/93)

concentrations in Ag/A and near-pile soils were

8-13



Table 8-4.; Suinry of Toxicity Quotients Based on Toxicity Reference Valuei; for the COCs in
On-Site Streams and Ponds and the Spring and Heosho Rivers for Anphibians

::: ':':':;:':: ::: ;:: :;:::: :: :•:' :::::::::::-:-:::-x:; -:-;::::::::::: :;:; ::: '•:•:• :o':: ::;::- ;:: •:'•:• : • :' :• :•# ::' -'-'i''! '"""*''•' •'•'• '•'• *i "*£i" '-'X -x* >x-:-:-;-:-.-:-x •:-:•:•:-;-:•:•:-:-:-:•:•:•:•:•:-:

SUBSITE PONDS
I

Cadmi urn 1

Copper i

Iron
i

Lead
i

Manganese i
i

Mercury
i

Nickel I
t

Si Iver j

Zinc

SPRING BRANCH

Cadmium

Zinc

TAR CREEK

Manganese

Zinc

WILLOW CREEK
t

Cadmium
i

Lead i

Zinc i

SPRING RIVER (near
Baxter Springs)

i
Cadmium t

Copper !

Lead i

Zinc i

NEOSKO RIVER ; (downstream

Cadmi um '
- .. i

Zinc i

10

0.04

NAC

7.8

1.7

0.2

NA°

NAC

17.2

10

17.2

1.7

17.2

10

7.8

17.2

10

0.04

7.8

17.2

of the Mouth of Ta

10

17.2

eel;

!

ii
It
i
j
t
!
!i

r!Cr
i
1

0.02

0.006

0.6

0.04

0.4

0.0004

0.04

0.003

3.7

0.12

14.5

0.9

17.2

0.002

0.02

0.8

0.004

0.015

0.05

0.5

•eek)

0.002

0.6

f llf pic} cj'tylitiuo 1 1 ent||i |

0.007

0.2
...

;o.oi
0.2

0.002

...

...

0.2

,0.01

0.8
!
;o.s
1

'

0.0002 ;

0.003
t

0.05

O.!0004 i

0.4 :

0.01

0.03 !

0.0002 ;

o;.o3 |
* Data are total recoverable values. I • i

| : j
b Toxicity quotients are the concentration in water divided by the chemical-specific toxicity reference value.

i i •c Not applicable.



Table 8-5. Ptiytotoxicity of Metals in Soil - Agronomic Species

Cadmium {

Cobalt

Copper ;
' (

Lead !

Manganese

Zinc j

1 Listed met
" t

2 From data

im^iii^^^^WiM^^rMWi^Mii
itllliliii;?̂

53

254

3.15s

1006

1 ,5007

608

mmmmtmmmmmmimmmmmmf^i***
Ml̂ M'e f̂a1Sii:i>K^b f̂fi(l£;;:fib«entrat1^Ps5s

40

NA

20.3 ;
250 !

NA

240 ,

I
als are COCs for Ag/A or near-pile soils, see Tables 4-2 and 4-3 in text.

tables in Appendix A; mini mum lvalues are lowest concentrations which resulted in
measurable yield reduction.

• t
5 ppm soil concentration caused a 16.5-27.9 percent yield reduction in various crops (four
tests).

25 to 50 ppm concentration was toxic to rice (Kitigishi and Yamane, 1981).

3.15 ppm soil concentration caused 22 percent yield reduction in soybeans (one.test).

100 ppm soil concentration caused 15.9 percent yield reduction in oats (one test).
I IMinimum phytotoxic level (Shacklette and Bperngen, 1984).

60 ppm soil concentration caused effects ranging from either a yield increase, or no yield
reduction,!to a 42.5 percent yield reduction in slash pine seedlings (eleveni tests).



existing levels of that metal in site soils

compared to the median concentration re x>rted to be phytotoxic in either laboratory or field
studies (Table 8-6). If the resulting upjer-bound TQ for a given metal was less than 1,

were not expected to be phytotoxic. If the upper-
bound TQ was greater than or equal to unity, then the TQ was calculated using the arithmetic
mean concentration of that metal in on-site soils. If the TQ based on the arithmetic mean

' | i [
equaled or exceeded 1, then existing levels of that metal were deemed jrotentially phytotoxic.

Table 8-6 shows that TQs based on the upper-bound concentration of COCs in near-
pile soils didjnot exceed 1 for all COCs except zinc (upper-bound TQ isqiials 2). These data
indicate that existing levels of zinc in near-pile soils may be phytotoxic:. No phytotoxic data
were located I in the literature for species likely to establish in near-pile soils. Thus, use of

i
the median phytotoxic concentration shown to reduce yields in the more sensitive agronomic
species is probably conservative when applied to near-pile soils. Similar results were obtained
for Ag/A soils; TQs for all COC were less than 1. These data indicate that existing levels

!
of COCs in Ag/A soils are not expected to be phytotoxic, since all mean TQs did not exceed
unity.

It should be noted that the zinc applied in the laboratory/field tests was in a sulfate
form which is soluble and readily available to the plants. In contrast, plant-available fractions

i ! • '
of the total zinc concentrations in near-pile samples (as determined from on-site monitoring
data) ranged from 2 to 55 percent, with 21 mean of 16.9 percent compared with the near 100

1 'percent for laboratory test species. If the mean plant-available figure of 16.9 percent is
i i

applied to the upper bound concentration in near-pile soils (996 mg/kg) the resultant TQ
i i • . 1

becomes 0.7.J While data on plant-available concentrations that cause toxic symptoms are
limited [corniwas affected by 450 to 1400 ppm plant-available zinc, and cowpeas by 180 to

i I
700 ppm plant-available zinc (Adriano, 1986)] the relatively low fraction of plant-available

• i i 'zinc in near-pile soils suggests that zinc .concentrations may not be phytotoxic, or at worst
only phytotoxic to some species. The revegetation study currently in progress at the Galena
subsite (Norland, 1991) illustrates the importance of plant-availability as grasses and other

• I i I
tolerant species are grown in chat, amended with organics, exhibiting toial zinc concentrations
ranging between 10,588 and 16,338 mg/kg.
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In summary, the large gap that exists between the toxicologiczd data available from
laboratory tests and subsite plant.species/soil conditions makes the prediction of a phytotoxic1 1 j •
level, applicable to near-pile soils, very difficult. Given what we know, however, the
information would indicate minimal impacts to the naturally occurring, established vegetation
in the near-pile areas. The concentration of zinc in near-pile soils could: potentially reduce
crop yields but little if any effect on the native species is expected. Potential changes could
include minor reductions in biomass yield or changes in species composition. None of the
changes mentioned are likely to have any measurable effect on the terrestrial ecosystem of
the subsites. Based on field assessments, the vegetation in near-pile areas provides cover and
food for certain wildlife although they may not be preferred as forage sites, and are unlikely
to be used extensively by livestock if other pasture is available.
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9.0 UNCERTAINTY ANALYSIS

An uncertainty analysis takes into account the inherent variability in measured and
estimated parameters, allowing decision makers to evaluate risk estimates in the context of the
quality and reliability of the assumptions
uncertainty invariably attends the evaluation

Additional uncertainties involved in site

and data used in the assessment. Considerable
of ecological risks. Principal sources of uncertainty

include the contaminant database, the exposure assessment, and the toxibological database.
characterization are also likely to influence risk

estimates. The extent to which the following major sources of uncertainty may over- or
I . . !

underestimate the exposure (and hence rise) to ecological receptors at the BS/T subsites is
discussed in this section:i

i
• Determination of the nature and extent of contamination;
• Exposure assessment;

i I
• Ecological assessment and measurement endpoints;
• Derivation of toxicity reference criteria.

9.1 UNCERTAINTY ASSOCIATED WITH DETERMINING THE NATURE AND
EXTENT OF CONTAMINATION ONSITE AND THE SELECTION OF
CHEMICALS OF CONCERN !

The uncertainties involved in measuring chemical concentrations in environmental media
can be substantial. Major sources of uncertainty in environmental sampling arid analysis include1 i " j
handling procedures; sampling location, number, and density; selection of COCs; analyte
extraction; sample dilution; analytical detection limits and handling of non-detects; analyte

' i i ' •
interference; and instrument limitations. Even with strict quality assurance and control
measures, there iis no assurance that the envirpnmental samples taken are fully representative of

• !the site. Uncertainties associated with identifying chemicals of concern include those connected
• • i :

with sampling environmental media and those related to the use of small data sets ;in the
statistical evaluation of data. These uncertainties are expected to have a low to moderate
potential to over-jor underestimate risk.

B:\SEC9TXT.1 (03/24/93)
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9.2 UNCERTAINTY ASSOCIATED WITH THE EXPOSURE ASSESSMENT

The exppsure assessment includes a number of major sources of uncertainty, including
1 I ' '• 'receptor selection, exposure point concentration and intake rate estimation, bioavailability of

contaminants, and the distribution of the receptors and stressors. Because this assessment is
i {

deterministic (i.e., parameters are estimated as single values rather than distributions),
I I

uncertainty cannot be described quantitatively. The following discussion therefore focuses on
(1) identification of sources of uncertainty in exposure estimation, and (2) their qualitative or
relative importance in interpretation of results.

9.2.1 Selection of Key Receptors

The selection of key receptors used in the risk assessment was designed to minimize the
i 1 • 'possibility that other species could be more exposed than the key species themselves by focusing
I !on higher-tropic level species and food chain effects, as they would provide sufficient data to

assess the general condition of the ecosystem: The use of these selected organisms was therefore
! | •

expected to be adequately protective of the majority of species potentially inhabiting the subsites,
• i '

since these receptors are top predators. {

Given the lack of lexicological data'specific for the terrestrial species likely to occur
i , • ' i

onsite, it is possible that some sensitive species may have been overlooked (i.e., some species
more sensitive than those chosen were not evaluated). The lack of inclusion of sensitive species
would tend to underestimate risks, although this source of uncertainty is not expected to
substantially under- or overestimate risks, since the mink is generally considered sensitive to the
effects of metals exposure. Furthermore, it is possible that other, lower-trophic level receptors,

i ' ' i
such as the white-footed mouse, could be more exposed than the raptors and the mink, since
mice have closeriand more frequent contact with contaminated soils. Accurate dose estimates

• I Ifor the white-footed mice were not possible, since: (1) the concentration of site-related metals
was not measured in the vegetation and seeds on which mice primarily forage; (2) body burden

i i i
data were measured with the pelt on, making it impossible to differentiate between metals loads

9-2
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in tissues and J that associated with pelt; and (3) tissue levels for various organs were not
obtained, so that the true tissue burden could not be segregated from the amount of metals
present in the gut. These limitations did not allow a comprehensive evaluation of potential
impacts on terrestrial prey species (using the white-footed mice as a surrogate). Thus, potential

! i - .impacts to all ecologic groups making up the terrestrial ecosystem were not quantified, which
means that ecosystem-level effects may be underestimated.

Similarly, toxicological data specifi: to aquatic species likely to occur onsite is not
complete and some sensitive species may have been overlooked. However, based on the data
available from the Kansas Department of Parks and Wildlife and results of aquatic biota
sampling, most major groups of aquatic organisms have been taken into consideration during the

i ' 'selection of key aquatic receptors. It is possible that other receptors including Gammarus could
occasionally occur onsite and, therefore, be exposed to on-site contamination and lack ofI !
inclusion of such receptors would underestimate risks. In general, amphipods are not adapted
for withstanding ^drought conditions and other adverse environmental conditions (such as those

I 'occurring onsite), (Pennak, 1989).

9.2.2 Approaches to Dose Estimation for Terrestrial Receptors

A simple dose-based approach using site-specific tissue data was developed to evaluate
potential exposures by key terrestrial receptors to COCs under both worst-case and reasonable

i ' ' - 'maximum exposure (RME) scenarios. It was assumed that upper-bound and arithmetic mean
. ! . ' ' '

environmental concentrations were representative of the range of concentrations to which
| ! • - , '

ecologic receptors are likely to be exposed. Since the actual exposure concentrations to which
i - i

these receptors may actually be exposed cannot be precisely determined, both worst-case and
,' I t !

RME scenarios we're evaluated to provide decision makers with a better perspective on the range
i i • •

of risks likely to be encountered by terrestrial receptors from exposure to site-related chemicals.

9-3
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I
9.2.2.1 Worst-Case Scenario

Dose estimates for terrestrial receptors were first calculated using worst-case exposure
parameters as a| screen for (1) contaminant liot spots, and (2) receptors thzit don't require further
evaluation. Worst-case exposure is defined in this case as the highest exposure reasonably
expected to occur at a site. The primary objective was to arrive at an exposure estimate that will

i

fall within the high end of the actual probabilistic exposure distribution (i.e., between the 90th
: j

and 99.9th percentiles). Exposure point concentrations were defined as the upper 95 percent
i '

confidence limit on the arithmetic mean, and worst-case exposure parameters are generally set
at around the 95th percentile of their individual distributions.

For biota, the worst-case approach implies that an organism spends its life in near-
maximal contact, with upper-bound concentrations of all COCs in all media simultaneously. Thisi ]
can be unrealistic from the standpoint that (li) many receptors do not tend to stay in one area for
very long, and (2) the maximum concentration of COCs in air, water, and soil are not
geographically coincident. For example, the maximum concentration of cadmium was measured
in Spring Branch, while the maximum concentration of lead and zinc were found in Tar Creek.

i I :

It is not physically possible for a receptor to be exposed to the maximum concentration of ai i
single chemical 'in all media simultaneously, much less to the maximum concentration of all

i i
COCs in all media concurrently. I

Because this approach is highly unlikely to underestimate exposure, it is useful as a
I ! ;

screen. However, because it is likely to project exaggerated risks to biota, primarily due to
negligence of the critical effects of spatial and temporal variations in exposure, it is not

i j
appropriate for assessment of actual ecological risk. It is important to note that, in contrast to
human health risk assessment, where every individual must be protected, the fundamental unit
for ecological risk analysis is the population (USEPA, 1992). That is, adverse effects on or

I ! I

even loss of a portion of the receptor population (unless the species is sj)ecially protected) is
i •

considered unlikely to significantly diminish its viability or disrupt the community or ecosystem
of which it is a part (USEPA, 1992). Thus, because the frequency of worst-case exposure in

B:\SEC9TXT.1 (03/24/93)
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a population is by definition low, reliance on worst-case analysis alone adds unquantifiable but
probably significant uncertainty to the exposure assessment in the form of (1) overestimation of
risk, and (2) lack of information on exposure to the majority of receptors.

i

9.2.2.2 RME Scenario

For adequate protection of terrestrial receptors, knowledge of exposures typically
t

encountered by key receptor organisms collectively is of greater value thain estimates of upper-
bound exposures potentially affecting a few organisms. Dose estimates and TQs were therefore
developed for me more plausible RME scenario. The RME scenario uses arithmetic mean
concentrations and somewhat less conservative exposure assessment assumptions to characterize
ecological exposures. The RME scenario is more plausible since receptors do not spend all of
their time at one specific location (e.g., at a hot spot or in areas where maximum or upper-

! |
bound concentrations occur). In fact, the home range (the area over which an organism ranges

l •and forages) of most predatory birds and animals, such as the red-tailed hawk, barred owl, and
i i

the mink, tend to be large relative to the size of the subsites. Thus, it is more likely that
receptors would be exposed to varying concentration levels, which are best represented by using
some measure of central tendency (e.g., mean or median concentration data). The RME

! | .
approach thus explicitly addresses one of the major sources of error in the worst-case scenario ~

! i :
the failure to account for spatial integration of exposure as organisms move throughout their
ranges — by averaging exposure concentrations over the key receptors' home ranges.

To provide a perspective on the extent to which worst-case assumptions may have
overestimated dose rates, terrestrial receptors jwere assumed to spend an equal amount of time

\ ]
on Ag/A and nearrpile soils, and the arithmetic mean area-weighted concentration of metals in
these soils was used to calculate dose estimates. Mean levels of cadmium, lead, and zinc in

i " ' inear-pile soils and the area-weighted mean concentration of these metals are shown in Table 9-1.
As shown in this table, the mean soil exposure concentrations used in the RME scenario are

; i

about 2 to 5 times higher than the mean area-weighted concentrations. Corresponding dose
i i • ;

estimates and TQs did not change appreciably (Table 9-1). Therefore, this source of uncertainty
is expected to havej a low impact on risk estimates.

9-
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Table 9-1. Toxicity Quotients for Key Terrestrial Receptors Using the Area-Weighted
Average Concentration of COCs in Ag/A and Near-Pile Soils

lil iiic;ii|iiiiiiii
|lMIIil«|tSllilll

RED-TAILED HAWK

Cadmium

Lead

Zinc

BARRED OWL

Cadmium

-Lead ——— _.-—.---

Zinc

MINK

Cadmium

Lead .

Zinc

iiiiiiiiiii
leo^erttRatJb'ftssiSws
IlliligPiô IIll
illll̂ mglllillli

0.9

42

157

0.9

42 - - -

157

0.9

42

157

IHIl
liî elfrllliiilJiliJi
iiiiiisilililibiislii

4.5

88

710

4.5

88

710

4.5

88

710

iiiPJiiiliiiiiilSiiiillî lieiiietliiiii
liliiĝ iiî eljliJIJSiiiilliN&iiilliliiilpAii
;-i|i?ii;;ili;:̂ :i[llllPi51*:S

0.9

42.5

162.5

0.9

42.5

162.5

0.9

42.5

162.5

in iliiwftfiiyiii
111 Ie1fe£eicilli
liXp^asiayiii

1.6

8.3

111

1.6

8.3

111

0.1

0.3

4.2

111 i 1
111 iiiiii! i I

i
iliiiiiiliiigsiByl ; i

0.06

0.21

2.9

0.08

0.25

3.5

0.11

0.61

13.4

ill Illlliili il III
m if jipjSiSjijSSj;; '% *m-

liliilillll
llilRMEllliil

lliû eftlllili

0.04

0.03

0.03

0.05

0.03

0.03

1

2

3

- —— - --- - ———

•

RHE equals reasonable maximum exposure scenario.

Toxicity quotients are dose divided by the toxicity reference value. TOs uere rounded to one sigriificant figure.

NOTE: Arithmetic Mean Concentrations for Ag/A-and-Near-Pile Soils are multiplied by 0.99 and 0.01, respectively and summed for area-
weighted concentration.



9.2.2.3 Intake Values Used

Intake estimates used for the terrestrial receptors are based upon data available in the
scientific literature and information obtained from a certified wildlife biologist. As mentioned
above, the use of point estimates to define these values hinders quantitative Evaluation of both
their individual uncertainties and contributions to overall uncertainty. However, these impacts

j
are expected to be relatively small.

i
i

Inhalation rates were extrapolated from data available for the rat. Although inhalation
factors were subjectively determined, they are not expected to greatly affect intake estimates,

j !
since the concentration of COCs in air and, hence, the total daily intake of COCs via inhalation
is small (Table 9-2). Inhalation accounted for less than 1 percent of the total daily intake of
COCs for all three key terrestrial receptors evaluated. Since soil ingestion provides a greater

4

and more variable proportion of total daily intake (2 to 6 percent for the mink and 5 to 24
percent for the raptors; Table 9-2), this parameter may have a greater potential to over- or
underestimate risk than inhalation rates.i

i
Food ingestion rates have the greatest effect on intake estimates, since ingestion of prey

! | ;
accounted for 93 to 96 percent of the mink'si intake and 75 to 95 percent of the raptor's total
intake (Table 9-2).; Uncertainties associated with all intake factors could result in either anjover-
or an underestimation of the true dose rate, since these values are not known exactly. However,
the conservative intake values chosen for this ERA would tend to result in over- rather than

-! ' I • •
underestimation of dose. !

. ' - I

-' J ' ! - - ' ' ' :

9.2.2.4 Assimilation Efficiency j

The efficiency of assimilating of metal burdens in prey ingested by terrestrial predators
represents another source of uncertainty associated with dose estimates for terrestrial receptors.
Most metals tend to accumulate in the liver and kidneys of mammals and birds (Lande, 1977;
Chen et al., 1977),! with the exception of lead, which accumulates in bone tissue (Demay et al.
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Table 9-2. Contribution of Inhalation and Ingestion of Water. Soil, and Prey to Total Daily Intake by Terrestrial Receptors*

——— - - -
RED-TAILED HAIK

Cadmium .

Lead

Zinc

BARRED OWL

Cadmium

Lead

Zinc

NINE - _ —

Cadmium

Lead

Zinc

Intake via
Inhalation
<mg/kg-day)

2.4x10"

3.5x105

4.1x10̂

2.1x10-"

3. 1x10 6

3.7x10-*
„ .. .

2.1x10"

3.0x10B

3.6x10̂

Percent of
Total Daily

Intake

<1

<1

<1

<1

<1

<1
— ———

<1

<1

<1

Intake from
Water

(mg/kg-day)

3x10-*

3x10̂

0.06

4x10̂

4x1 0̂

0.07
— - — ——— -

0.001

0.001

0.24

Water As A
Percent of
Total Intake
.

<1

<1

<1

<1

<1

1

<1

1

1

Intake
from Soil
(mg/kg-day)

_ ——— —— ——

0.01

0.12

1.1

0.01

0.14

1.2
— ————————— ~

0.004

0.06

0.5

Soil As A
Percent of
Total Intake
_ —— - ——— —

6

24

21

5

24

20

2

6

3

Intake
from Prey
(mg/kg-day)

__ _ — ... — — —

0.15

0.38

4.0

0.18

0.45

4.8

0.18
(0.15 / 0.03)"

0.90
(0.38 / 0.52)

15.7
(4.0 / 11.8)

Prey As A
Percent of
Total Intake

— _ —— , —— -. ... ••••••• •

94

75

78

95

76

79

96
(80 / 16)

93
(39 / 54)

95
(24 / 71)

._..

* Based on the worst-case scenario.
b Numbers in parentheses represent the contribution from ingest ion of mice and fish, respectively.



1982). In their; study Demay et al. (1982) found that only 10 percent of the lead measured in
whole-body mice samples was actually bioavailable to predators, since the bones ingested by
most raptors are eliminated before digestion. While owls do regurgitate the bones and fur, all
raptors do not, however. Dose estimates presented in Section 5.0 do not account for the fact
that lead burdens in prey may not be available to predators. If the reel-tailed hawk and the
barred owl regurgitate bones and fur, the dose estimates presented in Table 5-9 are likely to
overestimate the'j amount of lead to which these receptors are exposed.

i

To provide a perspective on the uncertainty associated with dose estimates for lead,
intakes were calculated for the raptors assuming that only 10 percent of the lead measured in
subsite mice was actually assimilated (i.e., an assimilation factor of 0.1 was included in the
intake equation for lead only). Results show( that worst-case TQs for lead dropped by a factor

| i
of three (Table 9-3). These data show tiat not accounting for assimilation is likely to
overestimate risks.

i

9.2.2.5 Bioavailability of Metals

The bioavailability of metals is well known to be decreased by association with soils and
sediments, including those in Tar Creek (McCormick and Burks, 1987). Because of this
interaction with soil particles, only a fraction of the metals ingested in contaminated soil isi
actually available to be absorbed (and, therefore, exert toxic effects). The bioavailability and

i - itoxicity of metals varies with the physical and chemical form of the metal. Metals sorbed to
' i

particulates or those that exist in a complexedj form are generally less bioavailable than metals
i . j

in the dissolved form. The lack of correction of intakes for the reduced bioavailability of soil-
associated metals in this assessment tends to overestimate exposure and risk estimates.

9.2.2.6 Absorbed Versus Administered Dose

Most lexicological data available for terrestrial organisms are based on administered
I :. ! '

versus absorbed doses. The administered dose approach is conservative in that it does take into
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Table 9-3. Toxicity Quotients for Key Terrestrial
Raptors Using a 10 Percent Assimilation Factor for Lead"

111 llllllill ill
ill llillill ill
li mmmfmmif. liBSl;
ms iSScje^EsiariidssiK*
11

RED-TAILED HAWK

Cadmium

Lead

Zinc

BARRED OWL

Cadmium

~L~ead~ — - — - - -

Zinc

tllliililllllllll
fillPxliftipiii
iliSifliiiiililii
lliiilliilll

1.6

8.3

111

1.6

8.3

111

iliiiSfiil 1 1I I
|;ill-s:|;;SieHie;:l; |; !iiililiitiiifll i

0.16

0.16 (0.50)*

5.3

0.19

0.19 (0.59)

6.1

•illilii
|:iIoMJ!lyl;i
ll|ii:i||||4||

0.1

0.02 (0.06)

0.05

0.1

0.02 (0.07)

0.06

1 1 ii iHiiiii 1 1
•i ;: ;;iliisiŜ (S;|;i:s i' I
1 Ills Wliyl 11

0.07

0.11

3.5

O..08_ ,.., __ .

0.13

4.1

ii 1 ill II illii i in
s*; is* aWffi;* ;Kfj ;wi:S;:
|| §T<wp*yi 11
|| ||i!lS|!|ih|l |1

NA"

NA

NA

NA

NA

Assumes that raptors regurgitate bones and hair; therefore, only 10% of the total
body burden of lead associated with mice is assimilated by predators. .

Toxicity quotients are dose divided by the toxicity reference value.
TQs were rounded to one significant figure.

RHE equals reasonable maximum exposure scenario.

RHE TQs were calculated only if the worst-case TQ was greater than or equal to 1.

crs in parentheses indicate values without incorporation of 10% assimilation factor.



account the fact that some fraction of the administered dose may not be absorbed across lung,
skin, or gastrb-intestinal tract barriers. If 100 percent absorption of ingested or inhaled
contaminants does not occur, then the dose that actually effects a target organ or system would
be lower, and dose estimates given in Section 5.0 would overestimate the true risk to terrestrial
receptors. It is generally agreed, however, that the administered dose approach is reasonable
and provides results that are protective of environmental health.

9.2.3 Exposure Estimation for Aquatic Receptors

Dose-based estimates for aquatic organisms was not calculated in iWs ERA. Instead an
EPA-approved approach that accounts for water column concentrations of metals and their
toxicity to aquatic organisms (Stephan et aL, 1985) was adopted for calculating site-specific
TRVs. This widely-accepted approach is expected to account for the major pathway of toxicity
to aquatic organism (i.e., assimilation across gill membranes). While other pathways of
exposure, including ingestion of sediments and prey, does add to the overall dose and hence
potential toxicity'of metals to aquatic organisms, generally, ingestion of contaminated sediments
while foraging is not a significant exposure pathway relative to the direct transfer of chemicals
across the gill membrane. This assumption is predicated on the fact that most metals are

1bioavailable to aquatic life only when they jare dissolved in the water rather than sorbed to
bottom or suspended sediments (DiToro et aL, 1991). O'Donnell et at. (1985) referred to
sediment as "a relatively large compartment! with low availability," versus water, "a smaller

i | , :

compartment of higher availability." Sediments may release metals to the interstitial water thus
providing a source of metals uptake. This uptake would probably be equivalent to uptake from
the water column; however (O'Donnell et aL, 1985).

' • ! ' ' ' " i ' •I . I • ' . •
The Stephan et aL (1985) approach includes the incorporation of chronic toxicity values

(as opposed to the singularly more conservative NOAELs and LOAELs) for the four most
• . ! • • • ' • ' " • j

sensitive aquatic species expected to occur within a particular site. By using the most sensitive
t ' I .

species, both th& NOAEL/LOAEL and the; toxicity attributable to the ingestion of food
organisms or sediments are compensated. The extent of compensation, however, cannot be
estimated. !
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9.3 UNCERTAINTY ASSOCIATED WITH ECOLOGICAL ENDPOINTSl
I

i
In most | cases, assessment endpoins cannot be directly measured, so measurement

endpoints are identified that can be quantitatively related to an assessment endpoint. Various
measurement endpoints were selected to identify stressor effects om prey and predator
populations including the fish condition factor, predator distance from mine-related areas, results
of the toxicity assessment, and field survey results.

Fish condition factors were used as an indicator of the general well-being of fish collected
onsite considering their relative length and weight. It is recognized that these factors are subject
to the influence of numerous parameters other than direct influences of metals toxicity, including
food availability,) disease, general stress, and water temperature. Although the fish appeared to
be in good condition based on condition factor results, other chronic effects directly associated
with metals toxicity or with other physical limiting factors (e.g., habitat limitations) might not
be detected by this approach. That is, condition factors greater than one, such as those observed
in on-site fish, do not conclusively indicate
growth or reproduction are not occurring.

that adverse chronic effects such as suppressed

Another aquatic measurement endpoint considered was the age classes of fish inhabiting
on-site ponds. Eighty-five percent of the green sunfish collected from subsite ponds were
apparently of Age I year class, suggesting that natural reproduction was occurring. Conversely,

i '

the lack of fish in older age classes could jindicate higher than normal mortality, pbssibly
attributable to various stresses, including harvesting, predation, and metals toxicity. Since

I i
different sampling methods were used with varying success, it cannot be concluded that the

; i
observed decrease in age classes is indicative that the water is having a toxic effect. It is
possible that the bbserved decreases in age classes is indicative of the incomplete sampling
approach used rather than a toxic effect. j

9-12
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9.3.1 Uncertainty Associated with the Field Data

Both field surveys and exposure assessment results supply endpoints that are useful in
assessing potential effects due to metals toxicity. While the limited field investigations
conducted did not reveal adverse effects, the possibility that subtle chronic effects might be

i ' !occurring could ;not be ruled out. In order to make the best use of the most data, toxicity
I ;

assessment and field survey results were both used in this ERA to determine if adverse effects
! Ion ecological receptors were evident or possible. This approach is in accordance with EPA

(1992) guidance,! which states that, "generally speaking, field data, monitoring data, and toxicity
testing of contaminated media are more useful and reliable than literature estimates."
Uncertainties associated with the toxicity assessment are discussed below.

Plots of predator distance from mine-related areas formed a smooth curve, suggesting that
predators did not exhibit an obvious pattern of avoidance of mine-related areas. The distancei
between predator sightings and the nearest mine waste area may be influenced by factors other
than mining, such as the presence of towns, roads, etc. Although the fact that there was no
obvious pattern of avoidance, as measured by predator distance from mine-related areas, mining

istresses could cause avoidance in some animals, attract others, and have no effect on yet another
' I ' !

group. The distance between an animal and the nearest disturbed mined area may not be a valid
j j •

endpoint for all (particularly more mobile) species.

9.3.2 Uncertainty Associated with the Toxicity Assessment

There is considerable uncertainty associated with the calculation and interpretation of TQs' i [
for all receptor groups evaluated in this ERA.f Although TQs less than 1 generally indicate that

• i '

observable effects! are not probable, there is no regulatory guideline for an acceptable ecological
' i ' . '

TQ level. A particularly difficult area of interpretation is when TQs are only slightly higher or
i 1

lower than one. In these cases, other relevant; information, such as field data and the estimated
uncertainty bounds on the dose and toxicity values, need to be considered before final
conclusions concerning potential adverse effects can be made.
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A TQ of 1 indicates that the measured concentration exceeds a concentration that caused
some impact in ;a certain test species under a given set of experimental ronditions. Within a

Igiven ecosystem, loss of some individuals in a receptor group is acceptable if the entire
population will not be adversely impacted, ifiarnthouse and Suter (1986) state that "ecological
risk assessments! used in decision making should be based, to the greatest extent possible, on
objective estimates of ecological damage (e.g., probabilities of population extinction or
reductions in abundance of plants and animals)." Hence, a TQ greater than 1 may not
necessarily mean that effects observed in the laboratory are likely to occur in the field or that
exposures in thej field are significant enougli to cause population-level effects. Furthermore,
there is not a linear (one-to-one) relationship between increasing TQ values and the probability
of adverse effects. For example, a TQ of 2 does not imply that adverse effects are twice as
likely to occur in a given ecologic group as a TQ of 1. The intent of the TQ approach is toI i
provide a continuous quantitative scale so that evaluation and rank ordering of potential impacts
can be assessed. 'Thus, given that the goal of this ERA is to assess population-level effects, the
use of an arbitrary threshold of 1 for evaluating the potential for adverse effects on exposed
receptor populations may overestimate population-level risks, although the degree to which
potential risks are overestimated cannot be determined.

9.3.2.1 Terrestrial Receptors

There are two main sources of uncertainty associated with calculating TQs for terrestrial
receptors: uncertainty associated with dose estimates and the uncertainty associated with
derivation of TRVfs. Uncertainty associated with dose estimates was discussed: in Section 9.2.2.
Uncertainty is associated with the derivation of the TRVs used to calculate TQs, since
lexicological benchmark data were not available for the key species of concern. Considerable

i I • ;
uncertainty exists in the lexicological values used to calculate TQs for lerreislrial receptors bolh

I ;

from Ihe original sludies (e.g., accuracy of observations recorded, variability in dose, exposure
' I ! ' :conditions, and routes of application, etc.) and from the application of uncertainty factors.

Standardized uncertainty factors have nol been developed for Ihe purpose of deriving protective
; ! . . .

TRVs for ecologic receptors. Adjuslmenl factors addressing some of the same sources of
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uncertainty considered in the derivation of human reference doses have therefore been developed
for use in this ERA. This approach is intended to ensure that the TRVs derived are adequately
protective of wildlife.

The application of UF1 to the benchmark value assumes that the key receptor species are
' |

more sensitive than the test organism. This assumption could over- or underestimate TQs, since
there is no evidence to determine if the hawk, owl, and mink are equally sensitive, less
sensitive, or more sensitive than laboratory test animals. UF2 was used to extrapolate data from
acute or subchronic studies to chronic toxicity estimates. This factor is predicated on the
expectation that: continued exposure at a given dose rate will produce increasing effects that may

] ' I

not be evident after subchronic exposure. Chronic exposures are defined as those lasting at least
10 percent of the; animal's lifetime. In cases where the experimental exposure duration was less

i i •than 10 percent of the animal's lifetime, UF2 was set equal to three. If the exposure duration
was greater than 10 percent of the animal's lifetime, UF2 was set equal to one. This approach
may be conservative in that there is no evidence to conclude that when exposure duration was
greater than 10 percent of lifetime that UF2 should not be negative. While the precise impact

i
these assumptions have on the resulting TQs cannot be accurately quantified, the evidence

' i

presented here suggests that the resulting TQs may be conservative.

It is possible that additional uncertainty factors could be considered in deriving TRVs for
terrestrial receptors. For example, an additional uncertainty factor, UF3, could be used to

i I '
account for potential differences between laboratory test conditions and actual field conditions,

1 ' iwhile UF4 could! be used to extrapolate toxicity results obtained for a single species to those
suitable for a community or ecosystem. Typically, UFs ranging from 1 to 10 are used to
extrapolate from laboratory to field conditions. Originally, UF1 and UF2 were set to three
based on the scientific rationale provided in Section 7.3. A value of 10 probably represents a
very, perhaps overly, conservative estimate. To provide a perspective on hew changing the UFs

::i ' ' ' " ' : •
used to derive TRVs for terrestrial receptors could alter TQs, each of the: four multiplicative
uncertainty factors (UF1 through UF4) was set equal to three based on the assumptions outlined

i ' • i iin Section 7.3. These new TRVs are shown in Table 9-4. Using the same "best" toxicity data
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Table 9-4. Revised Toxicity Reference Values for Terrestrial Receptors
i Using Four uncertainty Factors Each Set Equal to Three

I •
Metal ,

Literature Va
Selected

(mg/kg-day

RED-TAILED! HAUK
Cadmium |

Lead i
t

Zinc

14.6

25

1000

BARRED OUL!

Cadmium !i
Lead i

Zinc i

lue

)
Uncertainty

Factor

Toxicity Reference
Value

(mgykg-day)

81*

27"

81

0.2

0.9

12.4

14.6

25

1000

NINK i

Cadmium i

Lead '

Zinc i

0.95

3

38

81

27

81

0.2

;0.9

12.4

i

81

81

81

0.01

0.04

0-5

UF1 (interspecies extrapolation) = 3, UF2 (acute-to-chronic extrapolation)
=| 3, since the test duration was not longer than 10% of the animal's
lifetime, UF3 (laboratory to field conditions) = 3, and UF4 (single
organism to population) = 3.

UF1 (interspecies extrapolation) = 3, UF2 (acute-to-chronic extrapolation)
=J3, since the test duration was not longer than 10% of the animal's
lifetime, UF3 (laboratory to field conditions) = 3, and UF4 (single
organism to population) = 3.



Table 9-5. Revised Toxicity Quotients for Key Terrestrial Receptors
Using Four Uncertainty Factors Each Set Equal to Three •

:r li IjiSĉ iiiiSrlî KlSllI

RED-TAILED HAWK !
t

Cadmium r
I

Lead t

Zinc

BARRED OIL :

Cadmium

Lead

Zinc

NINK

Cadmium

Lead

Zinc

I lllrSxIiilSiyll I
i i|ie|ir;e|w|I i;
1 \
llliPiiliiyll I

0.2

0.9

12.4

0.2

0.9

12.4

0.01

0.04

0.5

\ i \ ̂ Hiiii i
;; ;! liSsSasieil is:
I illliSc*e1| ii iiiiillSliiP

0.16

0.507

5.2

0.19

0.59

6.1

0.19

0.96

16.6

:::'::::::

:;:i:;:!:i:;:!§j:;:j:::i:̂  ft: '':
:ftft::ft:£:£:::ftftft:;:; * ":

IliiliiSSllslsill ;i; i
1 1

iilloiilcjlyl 1 1
|||;:|iiii6|iiiw?|"| | §

0.8

0.6

0.4

1

0.7

0.5

19

24

33

SiSSMbosiiBis sSlisg i;
Iliilillil>li I

\
0.07

0.26

3.5

0.08

0.31

4.1

0.11

0.6

13.6

Illî ^
^ îg5JSsi:i;i5SX^^ ?
l|||l|QiiM|jiiim|||ll 1

NAC

NA

NA

0.4

NA

NA

11

15

27

i :
Toxicity quotients are dose divided by, the toxicity reference value.
TQs were rounded to one significant figure.

RME equals reasonable maximum exposure; scenario.
1 I

RME TQs were calculated only if the worst-case TO was greater than or equal to 1.



listed in Table 7-4, revised chronic TRVs and TQs for the raptors and the mink are shown in
Table 9-5. These results show that adding two additional UFs would increase TQs by a factor
of eight to 11. Worst-case TQs for the raptors remain below 1, with the: exception of that for
cadmium and the owl, which equals 1. The RME TQ for cadmium and the owl is 0.4. Worst-

' ' Icase TQs for the mink range from 19 for cadmium to 33 for zinc, while 11ME TQs range from
i • I11 to 27. The above calculations indicate that the use of two uncertainty factors to estimate risks
i

to communities versus individuals may underestimate risk if all UFs are positive. It is possible,
: i

however, that values for some UFs could be negative, which would tend to overestimate risk
estimates. ti. i

i
9.3.3.2 Aquatic Organisms

The primary source of uncertainty in calculating TQs for aquatic receptors is the
derivation of the TRVs. Since an acute-to-chronic ratio is not available for cadmium, the
estimated FAV for cadmium was used to Ipredict the chronic maximum allowable toxicant
concentration (MATC) (which is equivalent to the FCV) using Suter et al, 's (1987) regression
model. Use of the MATC as the chronic endpoint is conservative, since it is defined as the
effects threshold!at or below which adverse!chronic effects are not expected to occur (Suter,
1992). Thus, it is possible that concentrations above the MATC level could! be tolerated without
significant population-level effects. The exact concentration that would not be expected to cause
population-level effects cannot be precisely jcalculated; however, the definition of an MATC

! - 'suggests that TQs greater than 1 do not necessarily imply the occurrence of adverse effects in
: . i |

exposed populations. On the other hand, jas with any predictive regression equation, the
~ I : I

calculated MATC could be higher or lower than the true value. Therefore, the resulting TQs
I i

calculated for cadmium could under- or overestimate the potential that aquatic organisms! might
experience adverse effects. The degree to jwhich the TQ may under- or overestimate such

I | :

effects, however, |cannot be quantified. i

I ! - : .
i • j ;

For the remaining metals, there is uncertainty associated with and conservatism built into
the derivation of the FAV used to calculate TRVs for aquatic receptors. For example, the FAV

i • i .
i i
' I
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Table 9-6. Sensitive Species Used to Derive TRVs for the Metals of Concern

iilllpiiilpilllijlig
zmms&iinwimmi

\
Fathead Minnow

Ir.opod

Banided
Killifish

Snail

illlllitilSIIilil
Snail

Fathead Minnow

Bluegill

Guppy

iliiijiiigiiiii
i Mayfly

Fathead Minnow

Pumpkinseed

! Guppy

Ililiiiwliill;

Midge

Crayfish

Guppy

Crayfish

iiiiiiliiiii
Snail

Snai I

Isopod

Fiithead Minnow



is based on the four most sensitive species that are known or suspected to occur onsite. The
!

species used to ^estimate TRVs for each metals are listed in Table 9-6. Ceritrarchids (sunfish),
ictalurids (catfish), tubificids (aquatic earthworms), and chironomids (midges), which are most

i
likely to occur in subsite waters, are not represented for cadmium or zinc. The fact that the
species used forj criteria derivation are generally more sensitive than subsite species will tend to
overestimate risk estimates.

Furthermore, in calculating the fathead minnow (Pimephales prontelas) GMAV's for
i . •

cadmium, the EPA selected the most sensitive life-stage of the fathead minnow. Although data
from 23 toxicity tests are presented in the Ambient Water Quality Criteria for Cadmium
(USEPA, 1984a), only six were selected by EPA to calculate GMAVs;. All six data were
obtained from toxicity tests involving fathead minnow fry. The toxicity data ranged from 0.01
mg/L to 0.05 m!g/L (geometric mean = 0.026 mg/L). The remaining 17 data were obtained

i
from other life-stages, including adult, and ranged from 0.63 mg/L to 73.5 mg/L (geometric
mean = 4.62 mg/L). These data for life stages other than the most sensitive life stage (fry)i '
were "not used in calculations because data were available for the more sensitive life stage"
(USEPA, 1984a). Therefore, the estimation of the cadmium FAV would appear to be quite
conservative. On the other hand, the FAVs derived for the other metals could underestimate the
potential toxicity of subsite waters to early life stages, since these FAVs are riot based solely on
data for sensitive life stages.

i

! ' •
The calculation of TRVs for aquatic organisms was derived from the EPA guidance

f ___ . .

document for calculating site-specific TRVs (Stephan et al., 1985). In so doing, the; Genus
Mean Acute Values (calculated by EPA) were used for the four most sensitive genera potentially

! _ • i

occurring on the site. The primary invertebrate species selected includtjd rotifers, crayfish,
midges, and snails. Amphipods were excluded from this list because these organism are not

i !

adapted for withstanding drought conditions and other adverse environmental conditions (i.e.,
such as those occurring onsite) (Pennak, 1989). Based on the Stephan et al. (1985) approach,
by incorporating iGammarus hi the calculations, the only aquatic TRV that would be affected is
lead. The on-site stream segments where the TRV for lead could substantially exceed one would
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be Willow Creek and Tar Creek, where background concentrations of lead exceed on-site
i

concentrations.' Therefore, the inclusion of Gammarus in the calculation of site-specific TRVsi
are not expected to substantially affect the overall conclusions of aquatic risk assessment.

i

Hardness
i

|
TRVs for aquatic organisms inhabiting subsite waters were calculated using a single site-

wide hardness value (geometric mean equals 190 mg CaCO3/L) instead of values measured at
the individual stream stations. This approach significantly reduced the calculations necessary

I

to derive a TRy, thus simplifying the report. TRVs vary directly with hardness for most
metals, and the site-wide hardness value was somewhat less than most m;rin-stem stream water
hardnesses. Evaluation of TQs on a station-by-station basis could be used to evaluate localized
effects, rank specific stream segments on an ecological risk basis, or to derive in-stream
compliance stanidards. TRVs and TQs for each mainstem sample station within each stream
were calculated jusing the specific hardness and concentration data for thait station. These data
are presented in' Tables 9-7 through 9-9 and summarized in Table 9-10.

i|
. i

When the mean site-wide hardness value was used for Tar Creek (Table 8-1), only the
TQ for zinc exceeded 1 (upper-bound and mean TQs = 11 and 6). When the station-specific

i ' • 'hardness and concentration data were used (Table 9-7), TQs for zinc ranged from 0.4 at TC-1I •
to 5 at TC-2. TQs for all other COCs in the downstream (mining-affected) stations were less
than or equal to 1, except for cadmium at TC-3 (2) and zinc at TC-3 (4). The fact that the TQs
for lead at TC-ll, the station upstream of mining-related inputs, also exceeds 1 indicates that
nonmining-relate<l sources of lead are influencing the water quality of Tar Creek. Calculations
based on statiori-|specific hardness and concentration data indicate that levels of cadmiurh in the
downstream sections of Tar Creek may also cause adverse effects in aquatic organisms in
addition to zinc.! „ .' .

Similar results for obtained for lead in Willow Creek (Table 9-8). The TQs for i lead at
the upstream station (WC-1) and at Station WC-2 were both 1, indicating that levels of lead in
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STATION TC-1
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I 0.5 __

.02

0.09

7.5
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Table 9-8. TRVs and TQs for Willon Creek Aquatic Receptors
Using Station-Specific Hardness and Concentration Data

STATION UC-1

1 \ lillll
Cadmium

Mercury

Nickel

Lead

Zinc

Iiiil«iiilî eiiî :llmmj^iiiiiiii^ji
iiliiiKtiiî ltiiiiiffills

53

: 17
5,595

415

! 1,396

||||iif§u|||||||||
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NA

3.73

17.99

51.29

2.21
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liiPVStlieliiiis
lliiî iiiiiiliill

3.61

4.56

311

8.1

631

illliiilil
lllPIWil

0.004

0.005

0.31

0.008

0.63

; I;i;:is"tSiiiolS;iiI;i;:;
! |Mfî ii|laiNi
Hi Mi^ii/imUi

0:0004

NiD (0.0001)

IMD (0.02)

0.01

0.15

iiiiiillfi

0.1

0.02

0.06

1

0.2

STATION WC-2

Isliiilll
Cadmium

Mercury

Nickel

Lead

Zinc

mm$i&£m$mm
m :f :;::1«B:;;:H«ri*ii««li Mm

\
I 78

i 17

! 7,487

I 643

' 1,868
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4.8

4.56
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12.5

845

iiiiiiiii1111111111
0.005

0.005

0.42

0.013

0.85
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Concentration

IIIliiS?ii;IIIi
01002

Nl) (6.0001)
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0.013

0.64

jjnijjjm

0.4
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1
0.8

STATION UC-3
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Ssigjjî ;:;;;!̂ ^

! 207

: I 17

' 15,585

! 1,937

! 3,892

:::::::- :: :::::::::L::::::::::::::::::::::::::::::::::::::;:::;::

•:'-y. :"- : : : ̂ WX$<X<WW*X.
'&'•: ']': :jti£tt&$6fSm±
:s:ChrohicsRatio'::B

NA

> 3.73

17.99

51.29

2.21

i:ii:i;i!:i:!ii;:lii;l:
: : : FI f\& t > Qll̂ Oiifli it»

mmmti^mm

9.8

4.56

866

37.8

1,761

:X:>: x :> :> !:X; :|: : :• : •:>; >:• :|

::::>:->>v:::v:x:v:::x::o:

mmwms
lMigfl^m

0.010

0.005

0.86

0.04

1.76

m^imMiMSymXf
:':-!::-x:GoncHitrflt-iori''-::'":''
Iil|g;:ii(iii9̂ -):;ll;isi

0,001

NO (0.0001)

0.02;

0.015

0.62

:SS:::::::i::::S;;::;;S:::i:!:x:

:$:S:::::x'::;:::5;::::::̂ ;::?:>:

IfileatilTOl

0:1

0.02

0.02

0.4

0.4

NO = not detected; value in parenthesis represents one-half the reporting li m i t ,



Table 9-9. TRVs and TQs for Spring Branch Aquatic Receptors
Using Station-Specific Hardness and Concentration Data

STATION SB-1

Iliiiill
Cadmium

Mercury

Nickel

Lead
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[Table 9-10. SUBKiry of Toxicity Quotients for COCs Based on Final Acute
Values Adjusted for Average Hardness at Each Sampling Stations where TQs Exceed 1

II

SPRING BRANCH.

Cadmium

Zinc

SPRING BRANCH.

Cadmium

Zinc

TAR CREEK, TC-1

Lead

TAR CREEK. TC-2

Cadmium

Zinc

TAR CREEK. TC-3

Cadmium

Zinc |

SB-1 (UPPER STATIO

.314

5.3

SB-2 (LOUER STATIC)

.385

6.2

(UPSTREAM STATION

199

(MID-REACH STATIO

.229

4.2

(LOUER STATION, n

.325

5.5

sSVaiue:::;<«g/L)::sS

N. n = 3)

0.013

2.4

N. n = 5)

0.015

2.8

n = 3)

0.004

». n = 3)

0.01

1.9

= 3)

0.01

2.5

0.12

13.9

0.05

7.5

0.03

0.01

8.8

0.02

9.6

:::;S:Ouot;|ent;:::Based;:;:::

9

6

4

3

7.5

1

5

2

4

Data are total recoverable values, see RI Appendix D.

COCs shown are those whose TO exceeded 1 using station-spec!fie
hardness to adjust FAV.



I ,

Willow Creek are dominated by nonpoint sources unrelated to mining. TQs for all remaining
' :

COCs in Willow Creek were less than 1, which indicates that adverse effects to aquatic
organisms inhabiting this stream are not probable.

i
i .

Results based on the site-wide mean hardness for Spring Branch indicated that adverse
effects from exposure to upper-bound and mean concentrations of cadmium and zinc were
possible (Table 8-1); upper-bound TQs for cadmium and zinc were 2 and 9, respectively, while
mean TQs for cadmium and zinc were 10 and 7, respectively. When site-specific hardness and
concentration data were used (Table 9-9), mean TQs for cadmium at Station SB-1 and SB-2 were
9 and 4, respectively, while the mean TQs for zinc were 6 and 3, respectively. These results
show that using the site-wide mean hardness value overestimated risks for exposure to cadmium
at SB-2 and to zinc at both downstream stations. Potential risks to organisms at Station SB-1
from exposure to cadmium were underestimated. The overall conclusion remains the same;
potential adverse effects from exposure to cadmium and zinc are possible.

9.4 OTHER FACTORS AFFECTING METALS TOXICITY TO AQUATIC RECEPTORS

Scientificjinvestigations have determined that several factors may affect the actual toxicity
of metals. The quality of surface waters within the BS/T subsites seems to support this theoryi .
as exemplified injthe following discussions. Measured concentrations of some site-related metals
at some locations, especially zinc, suggest that resident fish populations should be nonexistent
or severely stressed, yet actual field data demonstrate the presence of aquatic organisms. The
site-specific TRVj for zinc adjusted for a hardness of 190 mg CaCO3/L is 1.4 mg/L, while the
arithmetic mean concentration of zinc in on-site surface water bodies ranges from 0.6 mg/L in
Willow Creek toi9.9 mg/L in Spring Branch (3 to 50 times the site-specific value).

Despite th|ese relatively high levels of zinc, multiple species of fish representing various
age classes are known to exist in on-site streams. The fact that these exceedances coincide with
apparently normal natural populations may indicate that the site-specific TRVs developed in
Section 7.0 may be overprotective for this ecosystem, and/or that other factors may be
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influencing thejtoxicity and/or bioavailability of the metals present in on-site surface water
bodies. Such factors include (but may not be limited to) the sensitivity of the species present

1
onsite, the metals' speciation status, evolutionary or acquired tolerance, zintagonism among the

t

metals, water hardness, and the frequency of occurrence of toxic conditions. Conversely, other
factors could increase the toxicity of site-related metals. For example, exposure to a mixture
of COCs by key receptors could increase the toxicity of individual metals synergistically.
Similarly, various environmental processes could alter the metal into a form that is more soluble

!
and therefore generally more bioavailable.

i
i

9.4.1 Acclimation and Tolerance
!
j

Tolerance can be achieved by physiological acclimation during low levels of exposure
and/or by genetically based mechanisms. Physiological tolerance is not: inherited, and such
individuals lose jtheir tolerance when transferred to unpolluted environments, while genetic

I

tolerance is inherited by offspring regardless of whether they are reared in polluted or
nonpolluted environments (Mulvey and Diamond, 1991). An organism's tolerance to
environmental stressors is greatly affected by the environmental conditions previously
experienced, i.e.;, prior exposure to the stressors (Chapman, 1985). Acclimation of fish
populations resulting in increased tolerance to concentrations of zinc exceeding AWQC has been

i
documented in th'e literature (Spehar, 1978; Chapman, 1978, 1985; Sinley et a/., 1974; Rahel,
1981). Melancon and Miller (1984) conducted in situ bioassays at Prickly Pi;ar Creek, Montana,

i '
and reported decreased mortality in resident brook trout and hatchery brook trout exposed to
effluent spiked with zinc and copper that were allowed to acclimate 7 to 10 days in the Creek.

•: I '. i

Chapman (1985) reported 90 percent of early life stage chinook salmon previously acclimated
to 0.51 mg/L zinc for five months survived a 96-hr exposure to 1.4 mg/L zinc (the LC5Q).
Similar acclimation to elevated zinc concentrations was reported by Sinley et al. (1974). In a

: I '

21-month test, rainbow trout exhibited up to a four-fold increase in their tolerance to zinc when' i r

exposed as eggs to concentrations of zinc ranging from 0.01 to 0.55 mg/L. Spehar (1976)
1 • •• ' ' • • • ireported that adult flagfish (Cyprinodontidae, Jordanellafloridae) showed a three-fold increase• i ' i

in tolerance to ziric when exposed as eggs and fry. These results demonstrate that acclimation
to zinc during early life stages can result in an increased tolerance to zinc by some species.

ii
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The fact I that the myriad of fish species inhabiting on-site streams and ponds have been
j

exposed to zinc levels above AWQC levels during early life stages suggest that these populations
t

may have acclimated to the relatively consistent (long-term) presence of elevated levels of zinc
in on-site surface water bodies. Since the potential for acclimation by resident fish was not
directly evaluated, the degree to which acclimation may ameliorate the toxicity of metals in
subsite surface water bodies cannot be determined. Furthermore, while the studies cited herein
were not conducted using fish species that are known or suspected to occur onsite, they do
indicate that acclimation by some species can increase resistance to the toxicity of some metals.

Elevated metals concentrations have existed at the BS/T subsites at varying intensities for
the past 80 to 100 years. Populations of aquatic organisms that have continued to exist and
reproduce within the subsites throughout these years have been subjected continually to these

!

conditions and, as a result may have acquired a certain level of tolerance. Tolerance can be
i

broadly defined as "the ability of an organism to cope with the stress associated with exposure
to metal concentrations that are inhibitory or lethal to nontolerant individuals" (Mulvey and
Diamond, 1991)1 Although the presence of various fish species in surface water bodies with
elevated metals concentrations suggests that such genetically-acquired toleiance to metals of the
subsites may be occurring, site-specific studies to examine this phenomenon were not conducted.
If fish at the site have developed tolerance (acquired or inherited), then the TRVs used in this
assessment will lead to overestimation of risk.ii

i
9.4.2 Metals Speciation and Bioavailability

ii • *
Metal speciation and bioavailability are also important in determining the toxicity of

metals to aquatic [organisms. It is widely accepted that metals have highly variable toxicity due
to their interactions with other materials present in the water (Chapman, 1985). The formation
of less toxic metal complexes can account for the diminution of metals toxicity in natural .waters
(Chapman, 1985)!. High concentrations of some metals can be tolerated by aquatic organisms
if the metals are] bound or complexed to particulates in the water. Factors affecting; metal

i • i
speciation and chemical form include pH, hardness, alkalinity, suspended solids content, the

j
i
1 9-28
i
I

B:\SEC9TXT.1 (03/24/93)



presence of organic and inorganic ligands in the water, and oxidation reduction potential. For
example, at a pH of 6.0, zinc exists as free ion (98 percent) and as zinc sulfate (2 percent),
while at a pH of 9.0, zinc occurs mainly as a monohydroxide ion (78 percent), as zinc carbonate
(16 percent), and as free ion (6 percent) (USEPA, 1987). Generally, waters with higher
alkalinities tend to result in the formation of insoluble zinc carbonate and hydroxide compounds
that are not readily absorbed by most aquatic species (USEPA, 1987). Furthermore, Alien et
al. (1980) reported that the toxicity of zinc was not related to total metal concentration but to
the predicted free (ion) metal concentration. While the references cited herein did not

i
specifically address the BS/T subsites, they do suggest that speciation and/or complexation of
metals could ameliorate their toxicity there as well. Since the speciation of metals in subsite
waters was not determined, the degree to which this phenomenon may influence metals toxicity
cannot be determined.

i
9.4.3 Effects of Exposure to Mixtures of Metals

The cumulative effects of simultaneous exposure to multiple meteds by terrestrial andI
aquatic receptors] was evaluated, since it is possible that the cumulative effects of simultaneous
exposure to multiple metals may result in the mixture being more toxic than exposure to a single
metal. Cadmium tends to act antagonistically with zinc in many plants and animals (both
terrestrial and aquatic), while lead tends to act synergistically with cadmium and zinc. Fori
example, Weis and Weis (1991) found that the presence of zinc increased the viable hatch of
herring eggs in systems with 5.0 mg/L cadmium. Although all metals (i.e. copper, manganese,
iron, etc.) within the terrestrial and aquatic ecosystems may exhibit cumulative effects on
organisms, it is assumed that cadmium, lead, and zinc represent the majority of toxic affects.

i
I

!
If the effects of cadmium and lead and lead and zinc are assumed to be additive, the

1
cumulative worst-case TQ (Table 8-3) for the raptors (determining by summing the individual
TQs for cadmium and lead and lead and zinc) would still be well below 1. The cumulative
worst-case TQ for the mink would be 7. If all COCs were assumed to be additive, cumulative

t

mean TQs would range from less than 1 for the raptors to 9 for the mink. Similarly, the
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cumulative worst-case TQs for aquatic receptors exposed to cadmium, lead, and zinc inhabiting
subsite ponds (Table 8-2), onsite streams, the Spring River (Table 8-1), zmd the Neosho River
(Table 8-1) would be 11.5 (BP-1), 1.7, 1.4, and 0.5, respectively.

i
t-

Conversely, if cadmium and zinc do act antagonistically, TQs for ithe mink (determined
by subtracting the TQs for cadmium and zinc) could be equal to 1. If cadmium and zinc are
assumed to be antagonistic, the TQ for Spring Branch would be 3.

Uncertainty is also associated with the fact that only cadmium, lead, and zinc were
evaluated for key terrestrial receptors even though additional compounds were, defined as COCs.
Whole body fish' and mice samples were analyzed for cadmium, lead, and zinc only, as data
available at the time of sampling suggested that these chemicals were the most abundant and
potentially toxic of the mining-related chemicals that might accumulate in ecological receptors.
No other metals' were detected above background concentrations in subsite streams. The

: i ' .

presence of addition metals including cobalt, iron, manganese, mercury, nickel, and silver in
subsite ponds suggests that terrestrial receptors could ingest other metals in addition to cadmium,
lead, and zinc if subsite ponds were used as a drinking water source. Since terrestrial receptors
are expected to obtain only a small amount of their total daily water needs from subsite ponds
given the other sources of water, the dose estimates presented in Section 5.0 are not expected
to be substantially underestimated.

, j - - - ; • - • • • ; '
Mercury and copper were identified as COCs for air, since these compounds were

detected in the fine particle fraction of either chat or flotation tailings upon which the modeling
estimates are based. Exclusion of copper and mercury as COCs in air is not expected to
substantially alter) dose estimates, since the inhalation pathway was minor relative to ingestion
of prey. It is possible that mice could have accumulated cobalt and manganese from subsite soils
as well. Exclusion of cobalt and manganese from prey is not expected to substantially increase
risk estimates, since manganese and cobalt are not particularly toxic to mammals. Some
mammals can tolerate up to 1000 mg/kg manganese per day without experiencing adverse
effects, while rats can tolerate from 25 to 250 mg/kg-day of cobalt (Venugopal and Luckey,

ii
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1978). Nevertheless, assuming that terrestrial receptors were exposed to cadmium, lead, and
zinc only may underestimate their true risk.

9.5 PHYTOTOXICITYi
i
I

The phytptoxicity data used in the ERA are concentrations that researchers estimated
t

caused some reduction in crop yield. The mean value was assumed to be more susceptible to
I

the number of tests the researchers conducted and the concentration of metal used in a giveni
study, which has the effect of skewing the data in the direction of most research results. For
example, if the researchers conduct studies primarily with high metal concentrations resulting

i .
in high crop yield reductions, then the resulting mean metal concentration would be high and
would not be a good indicator of the average or low toxicity value for that metal. Hence, the
median value was used, as it was considered more representative of the range of data shown to

j
be phytotoxic. ',

I

j
i

Use of the median phytotoxic concentration could under- or overestimate the true
phytotoxic potential of subsite soils. To provide a perspective on the uncertainty associated with

i

using the median value, the minimum and median phytotoxicity numbers are shown in Table
9-11. These data show that the median phytotoxic concentration is about two to eight times
higher than the minimum phytotoxic concentration for cadmium, copper, lead, and zinc.

ii . . .. f -
Minimum and median phytotoxic concentration data were compared to the mean and

upper-bound concentration of COCs in Ag/A and near-pile soils (Section 8.0). Use of Ag/A soil
i

data is appropriate since crops are currently being grown in Ag/A soils and the species used in
most of the phytotoxicity studies are agronomic. Results of direct comparison of the
phytotoxicity data with near-pile soil concentrations are more uncertain, since toxicity data are
not available for pnsite non-agronomic plant species. If the minimum phytotoxic concentration
is compared to the upper-bound concentration of COCs in near-pile soils, TQs exceed 1 for zinc
(17). If the mean concentration of COCs is used, TQs are greater than 1 for zinc (12). Use of
the median phytotoxic concentration results in TQs for zinc less than 5.

i
i
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Table 9-11. Phytotoxicity of (totals in Near-Pile Soils - Agronomic Species

iiii:
Cohcehtratiofi

ililliiiiiiili

Cadmium 40 6.6/4.5 1/0.9 0.2/0.1

Cobalt 24 NAC 19.8/15.6 0.8/0.7 NA

Lead 100 250 113.9/88.1 1/0.9 0.5/0.4

Manganese 1500 NA 1287/947 0.9/0.7 NA

Zinc 60 240 996/710 17/12 4/3

* Toxicity quotient equals the concentration in near-pile soils divided by the minimum phytotoxic concentration.
All values are rounded to one significant figure.

6 Toxicity quotient equals the concentration in near-pile soils divided by the median phytotoxic concentration.
All values are rounded to one significant figure.

Not applicable.



Potential jtoxic effects of metals on plants must be put into perspective by considering the
following points: (1) TQs based on the median zinc phytotoxic concentration were not
substantially elevated above 1; (2) near-pile soils are typically vegetated with a well-defined
organic layer that should reduce the plant-available concentration; (3) near-pile soils represent
less than 4 percent of the total subsite land area; and (4) toxicity data are not available for non-
agronomic species that are likely to inhabit near-pile soils. Naturally-occurring species, and
especially invader (weedy) species in mineralized areas, tend to be more tolerant of heavy metals
than most agronomic plants (Adriano, 1986). Moreover, plant-available fractions of the total
zinc concentration in near-pile samples determined from onsite monitoring data collected during
the RI ranged from 2 to 55 percent, with a mean of 16.9 percent. Data on plant-available
concentrations that cause toxic symptoms are limited, as most studies uise total recoverable
concentrations to evaluate toxic effects. The difference in heavy metal tolerance between
agronomic species and invader species is reflected in their distribution on the site. Near-pile
areas contain invader or weedy species that include lambsquarter (Ckenopodiian album), sheep
sorrel (Rwnex acetosella), redtop (Agrostis gigantea), broomsedge (Andropogan virginicus),
switchgrass (Panicwn virgatwri), common ragweed (Ambrosia artemisiifolia), and pigweed
(Amaranthus sppJi). These data taken as a whole indicate the existing level!! of zinc in near-pile
soils are not expected to cause adverse population effects to the weedy species that currently
occupy the area, but may be marginally phytotoxic to agronomic species should they be planted
in near-pile areas!.

i 9-33
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' 10.0 RISK CHARACTERIZATION
i
i •i

Risk characterization involves estimating the magnitude of potential health risks and
making summary judgments about the nature of potential adverse impacts to ecological
receptors. This section evaluates potential adverse effects to key terrestrial and aquatic
species associated with exposure to COCs at the subsites using two integrated approaches.
Risks were assessed by comparing the measured or estimated exposure; levels (i.e., dietary
intake or exposure concentration) with chronic toxicity values as described in Sections 7.0 and
8.0. Field survey and other data available in the literature were used as a comparison for
interpreting the predictive (quantitative) results. Thus, both the general biota survey (field)
results and the quantitative lexicological comparisons were used to obtain a realistic
assessment of potential impacts.

i

10.1 AQUATIC RECEPTORS
i
!

The aquatic habitat of the BS/T subsites can be categorized into two general types of
'[

surface waters:' (1) tailings ponds and collapsed subsidence pits, and (2) ephemeral streams.
While both water systems can be affected by rainfall and drought, stream habitats are
particularly vulnerable to the effects of high and low flow conditions. During low flow

i •
periods, for example, elevated water temperatures and low oxygen levels can occur, while
during high flow periods, silty substrate can shift and increase suspended solids levels in the
streams. Heavy siltation can also be caused by the erosion of material from the surrounding

i

agricultural and nonvegetated mill waste areas. When temporary in-stnsam impoundments
(created to provide a source of drinking water for agricultural livestock) failj heavy sediment

- t • - '
loads can be introduced into the streams. Both of these conditions may stress local aquatic
populations. However, where suitable stream habitat exists, a variety of fish species were

! -

observed to be both self-sustaining and in relatively good condition.
i "
} -
\

Similarly, the deeper on-site tailings and subsidence pit ponds provide a somdwhat
more stable habitat and aquatic biota surveys indicated a diversity of fish species in apparent

i 10-1
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good condition. Overall, the aquatic survey results revealed that exposcsd fish populations in
most on-site surface water bodies were not experiencing acute impacts, as no obvious signs

i
of chemical of physical stress, such as those noted in the FWS Hazard Reviews, were evident

i
in the fish collected. It was necessary, however, to evaluate the possibility that aquatic
organisms inhabiting subsite streams and ponds could be experiencing chronic effects from
exposure to site-related metals. Chronic effects were assessed by comparing measured
surface-water concentrations with chronic toxicity reference values (TRVs), i.e., application
of the TQ approach, in conjunction with the site-specific biosurvey data and other
information/data available in the scientific literature. Results of all methods and data sources

t
are discussed individually for all surface waterbodies.

i

10.1.1 Sprung and Neosho Rivers
i
1
i

For the Spring River toxicity assessment, historical water quality data for the reach
located east ofj Baxter Springs was used. Water chemistry in this reach is dominated by
contributions from upstream tributaries. Mean TQs for aquatic populations were less than

i
1 for all three 'COCs: cadmium, lead, and zinc. The TQ values presented in Table 8-1
indicate that adverse acute and chronic impacts are not expected. It is noted that the TQs are
based on toxicity reference values calculated for aquatic species that could occur in ephemeral
streams of southeast Kansas. A recalculation of the criteria based solely on species that occur
or could occur in the river would probably somewhat modify the TQs.

ii

The ecological endpoint assessment summary for the Spring River is presented in
Table 10-1. Bipta in the Baxter Springs reach of the river were not surveyed for this study,

i
and without support from field observations, the toxicity assessment was used to evaluate

i

potential impacts. Existing literature appears to support the TQ numbers for the Baxter
Springs reach, in that a variety of fish species reside in the river and clean-water benthic
organisms are present (Ferrington et al, 1988; KDHE, 1980). Nonetheless, the aquatic
organisms in portions of the Spring River and upstream tributaries are impacted by mining-
related runoff and seepage, specifically with respect to cadmium and zinc concentrations

i 10-2
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Table 10-1. Ecological Endpoint Assessment Sumoary for the Spring River

pjSpSJ

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

liilll̂ Sî iifî Pi(iii!iî iî i
Is a significant reduction in key aquatic
populations possible?

Could intake of metals result in chronic _
toxic effects in aquatic populations?

Are gross signs of acute toxicity absent?

Has community structure been obviously
impacted?

Have significant community level transfor-
mations occurred in plant and animal
systems?

Is water quality in sufficient to support a
diverse natural aquatic community?

Have significant habitat modifications
occurred?

Are significant reductions in reproductive
fitness of 'key aquatic species probable?

Could T&E species that may occur onsite be
adversely impacted?

Are soils phytotoxic?

III
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Based on results of toxicologies!, evaluation (TQs) and contribution of subsite water
to the Spring River, influence from on- site discharge is not expected to cause a
significant reduction in populations of key aquatic species.

~ Intake-of-si te- related metals is not expected" to add an apprecilble~incranen~t~bf
toxicity above that impact emanating from mining and other activities upstream to
which aquatic organisms are exposed. TQs for the COCs onsite (cadmium, copper, lead,
and zinc) were all less than 1. As a result, the flow contribution of surface water
from the Baxter Springs subsite is low and does not contribute significantly to metals
concentrations in the Spring River.

Aquatic organisms were not sampled from the Spring River during the RI, as the Spring
River system historically received heavy metals input from mining activities
throughout southeastern Kansas. Although Ferrington et al. (1988) indicated that
adverse impacts to aquatic biota inhabiting the Spring River may be occurring; the
Spring River receives a much greater proportion of heavy metals inputs from other
mining areas throughout southeastern Kansas and southeastern Missouri than from the
Baxter Springs Subsite.

Aquatic organisms were not sampled from the Spring River during the RI, as the Spring
River system historically received heavy metals input from mining activities
throughout southeastern Kansas. Although Ferrington et al. (1988) indicated that
adverse impacts to aquatic biota inhabiting the Spring River may be occurring, the
Spring River 'receives a much greater proportion of heavy metals inputs from other
mining areas throughout southeastern Kansas and southeastern Missouri than from the
Baxter Springs Subsite.

N/A

Based on TO results, water quality within the Spring River appears to be sufficient to
support a diverse aquatic community.

N/A

Based on TO evaluations, no significant reductions in reproductive fitness of key
"aquatic species is expected.

N/A

N/A



primarily from Short Creek near Galena (USGS, 1992). Based on the results of the toxicity
assessment and the minor flow contributions of subsite water to the Spiring River, influence

' i
from on-site discharge is not expected to cause a significant reduction in populations of key
aquatic species.

!

The toxicity assessment for the Neosho River, below Tar Creek inputs, is based on
a very limited jdata base of six water samples (OWRB, 1983). TQs for tte COCs cadmium
and zinc were jbelow 1 indicating an apparent lack of chronic impacts. Again, these results
should be viewed as estimates only since they are based on limited and outdated wateri
chemistry dataland little field data are available. In support of this conclusion, Aggus et al.
(1983), indicated that aquatic organisms inhabiting the Neosho River sire not impacted by
metals from Tar Creek and that any effects on the aquatic community within the Neosho
River diminish rapidly once Tar Creek water enters the Neosho River, primarily because of
the ameliorating effects of increased water hardness within the Neosho liiver (Table 10-2).

i

10.1.2 Tar Creek
j
I

Mean TQs for zinc and manganese in Tar Creek equal 6 and 0.4, respectively (Table
8-1) suggesting 'that adverse chronic impacts to aquatic organisms are possible from exposure

. • t • *
to elevated zincj levels. A comparison of the mean and upper bound zinc concentrations for
Tar Creek with the Criterion Maximum Concentration for zinc indicates that acute effects are
also possible (TQ=11). Results of field investigations indicate that fish numbers in the lower
segment of Tar !Creek were low relative to other streams within the subsites, probably as a
result of the combination of marginal habitat and elevated zinc concentrations. The only fish
collected from Tar,Creek were representative of the family Centrachidae (sunfishes) which
are relatively tolerant of elevated metals concentrations as compared to representatives of
other families (ile., Ictalurids-catfish and Cyprinids-minnows). All fish collected form Tar
Creek had condition factors greater than 1.

| 10-4
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Table 10-2. Ecological Endpoint Assessment Sunnary for the Neosho River

llllllll
1.

-2. ——

3.

4.

5.

6.

7.

8.

9.

10.

ĤIllillB̂ îiŜ lw?nilllll3B̂ S
Is a significant reduction in key aquatic
.populations possible?

Could 'intakê of "metals "result "in "chronic" toxic
effects in aquatic populations?

Are gross signs of acute toxicity absent?

Has community structure been obviously impacted?

Have significant community level transformations
occurred in plant and animal systems?

Is water quality sufficient to support a diverse
natural aquatic community?

Have significant habitat modifications occurred?

Are significant reductions in reproductive
fitness of key aquatic species probable?

Could T&E species that may occur onsite be
adversely impacted?

Are soils phytotoxic?

S::S£::S::::*:>:
:££:&:*£•::::::

1.

..___ __

3.

It.

5.

6.

7.

5.

9.

10.

liilM
According to Aggus et al. (1983), aquatic organisms inhabiting the Neosho River
are not impacted by metals from Tar Creek, Effects on the aquatic community
within the Neosho River diminish rapidly once Tar Creek water enters the Neosho
River, primarily because of the ameliorating effects of increased water hardness
of the Neosho River.

An evaluation of metals toxicity to aquatic organisms known or suspected to
inhabit the Neosho River showed that neither of the chemicals detected in river
water above background levels (cadmium and zinc) presented potential toxicity to
these organisms, as all mean TO values were less than 1.

Biosurveys of the Neosho River were not conducted during the RI, since this river |
receives metals input from several other sources. Fish species composition and I
productivity within the Neosho River downstream from Tar Creek showed no apparent |
effects from mining activities (Aggus et al., 1983).

Community structures of the Neosho River has not been impacted primarily because
of the ameliorating effects of increasing water hardness in the Neosho River
(Aggus et al., 1983).

Although aquatic organisms may be severely stressed in Tar Creek because of the
mine discharge (including Richer Field) upstream, aquatic communities are not
impacted within the Neosho River, primarily because of the ameliorating effects
of increased water hardness within the Neosho River.

Based on TO results and data reported by Aggus et al. (1983), water quality
within the Neosho River appears to be sufficient to support a diver aquatic
community.

N/A

Based on TO evaluations, no significant reproductive fitness of key aquatic
species is expected to occur within the Neosho River.

N/A

N/AN/A ,|



The ecological endpoint assessment summary for Tar Creek isi presented in Table
10-3. Aquatic habitat in most of Tar Creek is marginal based on the periodic absence of

i
water within the stream channels. During dry periods, Tar Creek within the Treece subsite
is reduced to aj series of ponds within the channel, which provide limited habitat. The overall
stream habitat I was rated poor-to-fair using EPA's Stream Habitat Assessment Methodology
(USEPA, 1989e).

j
Duringjthe 1991 RI sampling program, no signs of acute toxicity were observed. Fish

collected at itne downstream sampling location (TQ-3) were in good condition with no
evidence of stress (lesions, abnormal accumulations of mucous, or parasites). The fish
species sampled during the 1991 RI sampling program were representative, although not all
inclusive, of fish species expected to inhabit intermittent drainages within southeast Kansas.
Fish species collected within the lower reach of Tar Creek included green sunfish, redear
sunfish, warmputh, and an unidentified sunfish. As indicated by the low numbers of fish
collected within the lower reaches of Tar Creek and the results of the toxicity evaluation
(TQs), water quality does not appear sufficient to support a diverse natural aquatic community
although limited suitable habitat for such support is also impacting the potential for a diverse
natural aquatic'community. Based on the 1991 RI sampling results, tide numbers of fish
collected do not support any conclusions as to the natural reproduction of aquatic species.
Fecundity assessments were not conducted as part of the RI program. TQ results indicate that
reproductive effects are possible.

f

!i
Tar Creek has been impacted by mining and agricultural influences. Agricultural

I •
influences are limited primarily to the adverse effects associated with sedimentation of stream
pools from runoff of fallow and tilled fields. Mining impacts are, however, both adverse and
beneficial. The adverse impacts are associated with sedimentation of stream pools from
surface runoff jand unvegetated mine affected areas and the chemical (metals) toxicity
associated with 'surface runoff and ground water recharge of the streams. Beneficial effects

! ' :

of mining include the short-term augmentation of stream discharge from water retained within
the chat piles and tailings ponds. The retained water is slowly released by subsurficial

; 10-6i
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Table 10-3. Ecological Endpoint Assessment SuHnry for Tar Creek

•ill
1.

"*2."~"

3.

4.

5.

6.

7.

8.

9.

10.

Is a significant reduction in key aquatic
populations possible?

Could intake of metals result in chronic toxic
effects in aquatic populations?

Are gross signs of acute toxicity absent?

Has community structure been obviously impacted?

Have significant community level transformations
occurred in plant and animal systems?

Is water quality sufficient to support a diverse
natural aquatic community?

Have significant habitat1 modifications occurred?

Are significant reductions in reproductive fitness
of key aquatic species probable?

Could T&E species that may occur onsite be
-adversely impacted?

Are soils phytotoxic?

lill
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Physical habitat within Tar Creek limits the capacity of the stream to support aquatic life.
Fish sampled from Tar Creek during the 1991 RI sampling program indicate reduced numbers of fish
within the lower segment of Tar Creek as compared to other streams within the subsite. Species
and numbers of fish collected included green sunfish (2), redear sunfish (3).. war-mouth (1), ami
an unidentified sunfish (2). Condition^factors.of-the-fish collected were-greater- than~1r ~ —— ||

Results of the toxicity assessment (TQs) indicate possible adverse acute and chronic effects j
from exposure to zinc (i.e., TQs exceed 1). ||

During the 1991 RI sampling program, no signs of acute toxicity were observed. Fish collected
were in good condition with no evidence of stress (lesions, abnormal accumulations of mucous, or II
parasites). J

Based on the limited aquatic habitat that was rated as "poor to fair," aquatic community impacts
resulting from mining activities are considered minimal. The entire Tar Creek system within the
Treece subsite has intermittent streamf low at best.

The fish species sampled during the 1991 RI sampling program were representative, although not
all inclusive, of fish species expected to inhabit intermittent drainages within southeast
Kansas. Fish species collected within the lower reach of Tar Creek included green sunfish,
redear sunfish, warmouth, and an unidentified sunfish.

As indicated by the low numbers of fish collected within the lower reaches of Tar Creek and the
results of the toxicity evaluation (TQs), water quality does not appear sufficient to support a
diverse natural aquatic community although limited suitable habitat for such support is also
impacting the potential for a diverse natural aquatic community.

Habitat within the upper segments of Tar Creek has not been altered as a result of mining
activities; however, the stream flow within this segment of Tar Creek is naturally intermittent.
Stream segments of the lower reaches of Tar Creek within the Treece subsite have been altered by
mining activities but, as with the upper reaches, also experiences intermittent stream flow that
severely limits the availability of aquatic habitat.

Based on the 1991 RI sampling results, the numbers of fish collected do not support any U
conclusions as to the natural reproduction of aquatic species. Fecundity assessments were not 1
conducted as part of the RI program. TQ results indicate that reproductive effects are II
possible.

Upper-bound Ids calculated-forT&E species (amphibians) were less than 1, indicating that
chronic adverse effects are unlikely.

N/A



seepage which1 augments the base stream flow. Tar Creek has been channelized several times
in response toj ROD requirements thus removing additional pool habitat and sedimentation

i
resulting from' both mining and agricultural activities.

t
I

Inconsistencies between observational field data and calculated I'Qs (which indicatedi
potential chronic and acute affects) could also be due to several factors that could ameliorate
the toxicity ofj elevated metals levels onsite. These factors include metals speciation, high
alkalinity and i hardness, acclimation and evolutionary tolerance of indigenous species to
metals, and bibavailability of metals. The water chemistry in Tar Creek is based, to some

i
degree, on the interaction between alkalinity, hardness, and metal speciation. The actual
bioavailable concentration of zinc produced by this interaction is unknown; however, it is
possible that bioavailable zinc is significantly lower than measured total recoverable zinc.
In addition, acclimation and/or adaptation of fish populations to zinc has been documented
in the literature (Chapman, 1978, 1985; Melancon and Miller, 1984). The cumulative impact

i
of all of these j mitigating factors may account for the field data indicating that the species

i

currently in residence do not exhibit an apparent pattern of acute toxicity. However, certain
biota that are more sensitive to elevated concentrations of zinc and which could be expected
to exist in Tar Creek may have been excluded due to both the physical and chemical
limitations. j

i
i

10.1.3 Willow Creek
i • •i

J •
Mean TQs for COCs in Willow Creek (cadmium, lead, and zinc) were below 1 (Table

8-1), which indicates that adverse effects on aquatic organisms are not likely. Evaluation of
ecological endpoints relevant to Willow Creek are shown in Table 10-4. Observational field
data for Willow Creek (Table 10-4) reveal that sporadic aquatic habitat is available throughout
the creek's length from a point immediately downstream of WC-1 to its confluence with the

' ! • :

Spring River. Although most of Willow Creek upstream of WC-2 is reduced to a series of
intermittent ponds during dry periods, one location (WC-la) between sampling stations WC-1

and WC-2, an artificially-created impoundment with no stream flow, provides poor-to-fair
i
| 10-8
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Table 10-4. Ecological Endpoint Assessment Sunary for Willou Creek

SHSiiijiSS

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

llPllll̂ Ŝŝ îlô nl̂ Hlll̂
Is a significant reduction in key
aquatic populations possible?

Could intake of metals result in
chronic toxic effects in aquatic
populations?

Are gross signs of acute toxicity
absent?

Has community structure been
obviously impacted?

Have significant community level
transformations occurred in plant
and animal systems?

Is water quality sufficient to
support a diverse natural aquatic
communi ty?

Have significant habitat
modifications occurred?

Are significant reductions in
reproductive fitness of key aquatic
species probable?

Could T&E 'species that may occur
onsite be adversely impacted?

Are soils phytotoxic?

:|£:j:|:|:;:;:;:£

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Physical habitat within Uillou Creek limits the capacity for the stream to support
aquatic organisms. A diverse population of fish was sampled during the 1991 RI sampling
program. Species and numbers of fish collected included largemouth bass (3), white
crappie (1), green sunfish (24), redear sunfish (3), longear sunfish (5), bluegill (36),
pumpicinseed (3), warmoutii_(6)f jspotted_sucker_.(2), -brook- si Iverside <-V)-,~and-various— —— "
"species of dace (2). Although actual population estimates were not conducted, the
results of the 1991 sampling program indicate populations of key aquatic species have not
been significantly reduced.

An evaluation of TQs for the metals of concern within Willow Creek indicate that adverse
acute and chronic effects are not expected (TQs for all COCs were less than 1).

During the 1991 RI sampling program, no signs of acute toxicity were observed. Fish
collected were in good condition with no evidence of stress (lesions or abnormal
accumulations of mucous).

Based on the limited aquatic habitat that was rated as "poor to fair," the aquatic
community structure is not obviously impacted by subsite activities. The factors
limiting the quality of aquatic habitat include shifting bottom substrate, increased
embeddedness, intermittent stream flow, channel alterations (resulting from agricultural
related activities), and bottom scouring and deposition.

The fish species sampled during the 1991 RI sampling program were representative of fish
species expected to inhabit intermittent drainages within southeast Kansas. Species
collected included largemouth bass, white crappie, green sunfish, bluegill, warmouth,
longear sunfish, redear sunfish, pumpkinseed, spotted sucker, brook silverside, and
various dace species.

As indicated by the sampling of numerous fish species within Willow Creek, water quality
of Willow Creek appears to be sufficient to support a diverse natural aquatic community,
especially since the evaluation of TQs indicates that chronic effects are not likely.

Habitat modifications have not occurred as a direct result of mining activities within
Willow Creek; however, habitat has been altered occasionally by activities associated
with area agriculture. Willow Creek occasionally is impounded by earthen dams creating
temporary habitat. However, the dams are frequently breached causing increased
sedimentation and siltation downstream. Willow Creek aquatic habitat is naturally
limited primarily due to intermittent flows.

Based on the 1991 RI sampling results, the green sunfish are reproducing naturally as
indicated by the presence of three age classes. Numbers of other species collected were
insufficient to determine reproductive fitness. Fecundity assessments were not conducted
as part of the RI program. TQs indicate that reproductive effects are not expected.

TQs calculated for T&E species show that adverse effects are not expected.

N/A



habitat which is limited to bank vegetation and streamside cover. Fifty -six fish representingi
nine species were taken from this area. All fish sampled appeared healthy with no indications

i
of external parasites or physical or chemical stress.

i
I

Thus, the results of the toxicity assessment, biosurvey data, and available reference
data are consistent and indicate that aquatic organisms inhabiting Willow Creek are not likely
to experience adverse chronic effects. An exception is the occasional mine water discharge
associated with' the Bruger shafts near WC-2. Mine water discharge from the Bruger shafts
on Willow Creek near WC-2 contains zinc at concentrations that could be acutely toxic to
resident aquatic organisms. Historic sampling results (KDHE, 1987) suggest zinc
concentrations of more than 21 mg/L may be present in the discharge, arid depending on the

i

amount of flow! in Willow Creek available for dilution, Bruger shaft inputs could have short-
term impacts cjn the aquatic system. These infrequent surges are likely to cause acute

•I • ;toxicity, possibly more severe than in Tar Creek where fish may have become acclimated or
I

adapted to continuously elevated concentrations of zinc.
i

1
10.1.4 Spring Branch

!

(

Mean TQs based on the mean concentration of cadmium and zinc COCs for Spring
Branch were 10 and 7, respectively, shown in Table 8-1 indicating that adverse chronic
effects to aquatic organisms inhabiting Spring Branch are possible. Comparison of the mean

i
and upper-bound cadmium and zinc concentrations to the Criterion Maximum Concentrations
indicates that acute effects are also possible. Conversely, aquatic surveys of Spring Branchi • ,
indicate that the diversity and number of fish present are similar to that expected for
intermittent drainages within southeast Kansas (Table 10-5). The fish collected in Spring

i
Branch appeared to be in good condition and did not display evidence of physical or chemical
stress. The green sunfish collected represented four age classes indicating p'ossible norrnal
reproduction amongst this particular population of green sunfish. Numerous site-specific

t

factors influence the actual toxicity to these resident species. These factors include adaptation
i

and acclimation jof the fish, and dilution in the lower segment of Spring Branch.
\(

i 10-10
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Table 10-5. Ecological Endpoint Assessment Sunaary for Spring Branch

SSSiSSBH

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

i!:!&i!&W:yi&̂

liitiliiil̂ ^̂ ^
Is a significant reduction in key aquatic species possible?

Could intake of metals result in chronic toxic effects in
aquatic populations?

Are gross signs of acute toxicity absent?

Has contnunity structure been obviously impacted?

Have significant community level transformations occurred in
plant and animal systems?

Is water quality sufficient to support a diverse natural aquatic
community?

Have significant habitat modifications occurred?

Are significant reductions in reproductive fitness of key
aquatic species probable?

Could T&E species that may occur onsite be adversely impacted?

Are soi Is .phy.totoxic?- ----- ----- •- • --

jgjgjsg;:}:;

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

-;1MW¥S;*1;?̂ ^
s;j;;:;;:;;;:;;:;;̂

A diverse population of fish was sampled during the 1991 RI sampling program.
Species of fish collected included predominantly green sunfish along with yellow
bullhead, chubs, and plains topminnows. The green sunfish sample represented
four age classes. _<!_,_ n,._1 .1.1.,. _and_IV).— .Condition-factors of-the-green~"sunfish~~~~
~wefe al'l above 1.

An evaluation of TQs for the metals of concern within Spring Branch indicated
possible acute and chronic effects on aquatic organisms from exposure to cadmium
and zinc (i.e., mean concentration TQs were > 1).

During the 1991 RI sampling program, no signs of acute toxicity were observed. d
Fish collected were in good condition with no evidence of stress (lesions or fl
abnormal accumulations of mucous).

Based on the limited aquatic habitat which was rated as "fair," the aquatic
community structure has not been obviously impacted as a result of subsite
activities.

The fish species sampled during the 1991 RI sampling program were representative
of fish species expected to inhabit intermittent drainages within southeast
Kansas. Species collected included green sunfish, yellow bullhead, plains
topminnoH, and various chubs.

As indicated by the sampling of numerous fish species within the lower reaches
of Spring Branch, it appears to support a diverse natural aquatic community.
Conversely, results of the toxicity assessment suggest that adverse acute and
chronic effects are possible, which could limit species numbers and diversity.

Habitat is naturally limited primarily due to the intermittency of stream flow.
Physical or anthropogenic changes have been made historically to the stream.
These changes have resulted in decreased habitat and sedimentation. Results of
the TO assessment indicate that metals levels in Spring Branch due to mining
activities (i.e., mill and mine waste) may cause adverse effects in aquatic |
receptors from exposure to cadmium and zinc. 1

||
Based on the 1991 RI sampling results, the green sunfish srs reproducing
naturally as indicated by the presence of four age classes. Numbers of other

-species collected -were- insufficient to ̂ determine reproductive fitness. Although
fecundity assessments were not conducted, TQs indicate that reproductive effects
are possible.

TQs calculated for T&E species show that adverse chronic effects are not
expected.

N/A



Additionally, a shift in species composition may have historically occurred in favor of more
tolerant aquatic species.

i

The aquatic habitat available in Spring Branch was rated as fair (Table 10-5). Unlike
Tar Creek, the Spring Branch drainage is entirely contained within an area impacted by
mining and streamflow is supported, at least over the short term, by seepage from a large
chat-wash pond (Ballard Pond) in the upper part of the basin. It is believed' that much of the
dissolved cadmium present within the stream originates from this industrial pond.

ii
As discussed in Section 10.1.2 (Tar Creek), a variety of factors may be present that

i ;
could ameliorate the potential toxicity of observed zinc (and cadmium) concentrations, therebyi
explaining the! apparent discrepancy between the calculated TQs and the observational
information. Again, these factors include bioavailability, hardness, and acclimation. While
the derived TQ! values are similar to Tar Creek, Spring Branch differs from Tar Creek in

i
several respects: 1) the Spring Branch watershed is much smaller than Tar Creek within

!

Kansas (3.3 vs.J 8.6 square miles) with mill waste dominating water quality in the upstream
reach; 2) mean total recoverable cadmium concentrations in Spring Branch are approximately
four times the mean concentration in Tar Creek, probably due to seepage from the Ballard
Pond which is kept full artificially with pumped ground water; 3) as a result of Ballard Pond
contributions and ground-water seepage from limestones in the downstream reach, flows are
maintained over! longer periods in Spring Branch; and 4) as a result of the sustained flow
during dry periods and the rocky/pebble substrate in the downstream, limestone bedrock

• i" • ' . " :
reach, habitat for fish is noticeably improved over Tar Creek. The factors listed above;may
account for some of the differences observed in fish numbers and diversity, between Spring
Branch and Tar [Creek.

• i
10.1.5 Subsite Ponds. i ,• i

Results of the toxicity assessment show that all mean COC TQs for ponds (BP-2,;BP-
3, BP-4, BP-5 ar d TP-1, TP-6 and TP-9) were less than or equal to 1. The ponds constituted
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seven of the 10 ponds sampled (Table 8-2). The Ballard Chat Wash Pond (BP-1) exhibited
the highest TQ (10 for cadmium). The remaining TQs exceeding unity included 2 for both
zinc (TP-5) and iron (TP-7); and 7 for lead (TP-7). These data indicate that adverse effects

l
to exposed populations are possible.

i
A summary of ecological endpoints relevant to the aquatic community inhabiting

subsite ponds is given in Table 10-6. Seven of the ten ponds inventoried contained fish,
primarily green sunfish. Of these seven ponds, six were sampled to collect fish species.

i
They contained! fish representing several age classes, which indicates that some reproduction

t

was occurring. Condition factors indicate that the fish were healthy with no obvious evidence
i

of external parasites or chemical stress.
i
!
1

Three of the subsite ponds inventoried did not contain fish. Tailings pond TP-7i
contained total recoverable iron and lead concentrations at levels well above the toxicity
reference values 1.0 mg/L (TQ=2) and 0.014 mg/L (TQ=7), respectively. The pond was

i

shallow (less than five feet deep) and potentially dries up during droughts. Tailings pond BP-
2 contained comparatively low levels of metals meeting all site-specific criteria and may noti
contain fish because it has never been stocked. As mentioned previously, tailings pond BP-1
(Ballard Pond) is a commercial chat-wash pond. Beyond the physical limitations presented
by the fluctuating water level in the pond, cadmium and zinc concentrations exceed the TRVsi
of 0.034 mg/L (TQ=10)and 6.33 mg/L (TQ=1), respectively.i

i
The aquatic communities within the subsite ponds have been established as a result of

the development jof the ponds. Although the subsite ponds are artificial they are inhabited
by species expected to occur within aquatic systems of southeast Kansas. Based on the 1991

I
RI sampling results, the green sunfish, bluegill, and black bullhead may be reproducing
naturally within the subsite ponds. The lack of fish in age classes greater than Class II may
indicate an adverse effect of the life cycle of fish inhabiting subsite ponds. Numbers of other
species collected! were insufficient to determine reproductive fitness, and fecundity
assessments were not conducted during the RI program.

i 10-13i
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Table 10-6. Ecological Endpoint Assessment iry for Subsite Ponds

Illlllll

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

IliP̂ lî ^̂ ^̂ ŜiilP̂ î ^̂ iK̂ Ẑ
Is a significant reduction in key aquatic
populations possible?

Could intake of metals result in chronic toxic
effects in aquatic populations?

Are gross signs of acute toxicity- absent?

Has community structure been obviously impacted?

Have significant community level transformations
occurred in plant and animal systems?

Is water quality sufficient to support a diverse
natural aquatic community?

Have significant habitat modifications occurred?

Are significant reductions in reproductive
fitness of key aquatic species probable?

Could T&E species that may occur onsite be
adversely impacted?

Are soils .phytotoxic?

:Xv!vXv:;rvXv
:•:• :":-::x •:•:•; -x-x-;

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Diverse populations of fish were sampled from subsite ponds (excluding Ballard Ponds) during
the 1991 RI sampling program. The presence of age class 0 and 1 may indicate that green
sunfish, bluegill, and black bullhead are naturally reproducing within the ponds to some
extent. On the other hand, the presence of pniy^two age classes could also indicate-a —— — —
substantial" reduction" irTtheTife cycle of fish inhabiting these ponds.

An evaluation of TQs for the metals of concern within the subsite ponds indicates that
adverse acute and chronic effects on aquatic organisms are possible from exposure to elevated
levels of cadmium, iron and zinc.

During the 1991 RI sampling program, no signs of acute toxicity were observed, Fish jj
collected were in good condition with no evidence of stress (lesions, abnormal accumulations fl
of external mucous or parasites).

The aquatic communities within the subsite ponds have been established as a result of the
development of the ponds. Since pre-mining community structures were non-existent, it is
impossible to assess the impact of mining on aquatic community structure.

Although the subsite ponds are artificial they are inhabited by species expected, to occur
within aquatic systems of southeast Kansas.

As indicated by the sampling of numerous fish species within the subsite ponds (excluding the
Ballard Ponds), water quality appears to be sufficient to support a diverse- natural aquatic
community.

Pond habitat within the subsites has been created by mining activities and, as such, only
beneficial aquatic habitat modifications have occurred as a result of mining activities.

Based on the 1991 RI sampling results, the green sunfish, bluegill, and black bullhead may be
reproducing naturally within the subsite ponds. The lack of fish in age classes greater than
Class II may indicate an adverse effect of the life cycle of fish inhabiting subsite ponds.
Numbers of other species collected were insufficient to determine reproductive fitness.
Fecundity assessments were not conducted as part of the RI program. Results of the toxicity |
assessment suggests that reproductive effects are possible from exposure to zinc. 1

TQs calculated for T&E species indicate that adverse chronic effects are not expected. !

N/A ||

p»



10.2 TERRESTRIAL RECEPTORS

One objective of the wildlife investigations conducted during the RI was to determine
whether adverse chronic effects to terrestrial receptors are possible:. Integral to this
assessment was the determination of discernible differences between control and study sites
and the derivation of TQs for key higher trophic level species.

i
Ii

As described in Section 5.0, whole body mouse and fish tissue results were used to
estimate dose levels for higher trophic level organisms that prey on small mammals and fish
inhabiting the subsites. These data as well as the measured concentration of metals in on-site
surface water,! air, and near-pile soils were used to estimate intakes by key terrestrial
predators: the barred owl, the red-tailed hawk, and the mink. The red-tailed hawk and the
barred owl were used to estimate potential risks to higher-level predators, while the mink was
used to estimate risks to higher-level, more omnivorous receptors. The focus on primary and
higher-level consumers was based on the rationale that results of these investigations would
provide sufficient data to assess the general condition of the terrestrial ecosystem.

Iii
Since the worst-case TQs (i.e., the TQ based on the worst-case exposure scenario) for

i

cadmium, lead, and zinc were less than 1 for the raptors (Table 8-3), adverse chronic impacts
from exposure to site-related metals are not expected to occur in higher trophic level species

i
that have a similar prey base as raptors. Results of the toxicity assessment for the mink,
however, indicate that chronic adverse effects from exposure to cadmium., lead and zinc are
possible, since tne worst-case and RME TQs are slightly above 1 (RME TQs range from 1i ' •
to 3). These data indicate that terrestrial species who consume fish may experience adverse
chronic effects from exposure to cadmium, lead and zinc.

i
ii

A summaty of the ecological endpoints relevant to the terrestrial community evaluation
is presented in Table 10-7. The results of field investigations indicate that existing exposures

i

are not causing acute effects or mortality in exposed populations, since obvious signs of
toxicity (such as 'those reported in the FWS Contaminant Hazard Reviews) associated with

i
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Table 10-7. Ecological Endpoint Assessnent SuBnry for the Terrestrial CoMuiity

Illll
1.

-2.—

3.

4.

5.

6.

7.

8.

9.

la a significant reduction in
key terrestrial species
possible?

-Could-intake of -metals-result in
chronic toxic effects in key
terrestrial populations?

Are gross signs of acute
toxicity absent?

Has community structure been
obviously impacted?

Have significant community level
transformations occurred in
plant and animal systems?

Is water quality in on-site
streams sufficient to support a
diverse natural aquatic
community?

Have significant habitat
modifications occurred?

Are significant reductions in
reproductive fitness of key
terrestrial species probable?

Could T&E species 'that may occur
onsite be adversely impacted?

liiii
i.

2.'

3.

4.

5.

6.

7.

8.

9.

Based on the field investigations conducted during the Fall 1991 RI, other available information, and on
professional judgement, the terrestrial wildlife community in the Baxter Springs/Treece subsites appears to be
normal in comparison with the control area and in relation to what might be expected to exist within Cherokee
County.

-The primary~focus of the environmental evaluation was on potential toxicity and associated impacts and food chain
effects on higher trophic level organism (i.e., raptors and the mink). Toxicity quotients calculated for these
higher trophic level organisms indicate that carnivorous receptors are not expected to experience adverse chronic
effects while omnivorous receptors that consume fish might experience adverse effects. Furthermore, the
arithmetic mean concentration of cadmium, lead, and zinc measured in whole-body mice samples taken from the
subsites are 14, 28, and two times higher than arithmetic mean levels measured in mice taken from the Cherokee
County Control site. II

During the 1991 RI field investigations, no signs of acute toxicity were observed. Wildlife observed were in good
condition with no evidence of stress.

Based on field investigations and professional judgement (certified wildlife biologist), there was no evidence of
obvious impacts to the wildlife community structure, with the exception of areas were habitat was precluded by
actual mining activities (chat piles, mine workings, etc.)

The plant and animal systems within the subsites have been altered to a certain extent by both mining and
agricultural activities. Agricultural activities have removed much of the natural habitat by plowing and tilling
of fields while mining has, to a lesser extent, removed habitat associated with the tailings piles and mine
workings. Additionally, both activities have also provided and enhanced habitat by creating and "edge effect"
adjacent to fields relating to agricultural practices, while mining has in effect prevented the expansion of
agriculture and has "preserved" those areas adjacent to the mine disturbances.

N/A

Habitat modifications have occurred with respect to the mining activities disturbing existing habitat. However,
as previously described, these disturbances have also preempted the expansion of agricultural practices. 1

Based on the results of the toxicity assessment, reduced reproductive fitness of key terrestrial omnivorous
species is probable. However, wildlife populations observed during field investigations sere represented in
numbers typical of southeast Kansas and appeared to be naturally reproducing.

Toxicity quotients calculated for T&E species show that adverse effects to this ecologic group are not expected.



Table 10-7. Ecological Endpoint Assessment Sunary for the Terrestrial CoMUiity (Concluded)

l̂ î l̂ iijî îiiiin̂ SiPi
10. Are soils phytotoxic? 10. Upper-bound levels of cadmium, cobalt, lead, and manganese in near-pile soils and upper-bound levels of copper,

lead, and manganese in Ag/A horizon soils did not exceed the median phytotoxic concentration (TQs based on the
median phytotoxic concentration were less than 1). Therefore, these metals are not expected to produce phytotoxic
effects in en-sits vegetatton.^ ConyjBî sej.y, jjpj»r-j»und_level8̂ of,-zinc -in-near-pi le-soi Is did exceed the median
phytotoxic concentration reported in the literature (TQs equal 4 and 3, respectively), which indicates that near-
pile soils contaminated with elevated levels of zinc could be phytotoxic. Other factors that may affect the
potential phytotoxicity of zinc include: (1) near-pile soils were typically covered with a well-defined organic
layer (humus) that tends to reduce the plant-available concentration of most metals; (2) near-pile soils cover
only 4 percent of the total subsite area; and (3) the available toxicity data were for agronomic species versus
the species that are likely to inhabit near-pile soils.________________________________



chronic metals Spoisoning were not observed. Terrestrial species and communities appear to
!

be normal in comparison to populations inhabiting the control area. No wildlife groups
appeared to bei missing, nor were poor or low population levels observed among the most
highly-exposedi species (e.g., primary and secondary consumers), although population
numbers were not directly measured. The wildlife community in the vicinity of mine-related

t

disturbances exhibited greater diversity and abundance than the community associated with
intensively cultivated or more urban portions of the two subsites. Although approximately
1180 acres of wildlife habitat has been impacted by mining activities, these areas appear toi
provide high quality wildlife habitat relative to and in juxtaposition with surrounding
agricultural tracts. This observation is supported by the fact that survey results obtained for
predators, raptors, songbirds, and small mammals did not indicate significant differences in
animal presence; and appearance between disturbed versus control areas. For example, the

\

number of barrecl owls observed in the control and test areas was similar.

The measured concentration of metals in whole body mice samples from the subsites
and mice taken 'from various reference location within Cherokee County were compared.
Results show that the arithmetic mean concentration of cadmium, lead, and zinc measured
in subsite mice are, respectively, 14, 28, and two times higher than arithmetic mean levels
measured in mice taken from the Cherokee County Control site (Table 5-10).

t

It is possible that the white-footed mouse could be more exposed than the raptors; and
r

the mink, since; mice have closer and more frequent contact with contaminated soils.
Accurate dose estimates for the white-footed mice were not possible., since: (1) the
concentration of site-related metals was not measured in the vegetation an.d seeds on which
mice primarily forage; (2) body burden data were measured with the pelt on; and (3) tissue
levels for various'organs were not obtained. These limitations did not allow a comprehensive
evaluation of potential impacts to all terrestrial prey species (using the white-footed mice as
a surrogate). Based on the results for higher-trophic level organisms, adverse chronic impacts
to exposed terrestrial prey species are not expected.

; 10-18i
i
t

B:\ecosec10.fd2 (03/24/93)



10.3 FHYTOTOXICITY OF SOILS

In general, vegetation systems within the subsites have been altered to a certain extent
by both mining and agricultural activities. Agricultural activities have removed much of the
natural habitat jby plowing an tilling of fields, while mining has, to a lesser extent, removed

i 1
habitat by the placement of mill waste piles and mine workings.

The comparison of concentrations of metals in Ag/A soils to the median concentration
j I

reported to be phytotoxic in either laboratory or field studies indicated that metal
i j

concentrations were not likely to be phytotoxic. However, concentrations, of zinc in near-pile
soils may be phytotoxic (upper-bound and mean TQs were 2 and 1, respectively). The TQ

i
assessment yielded numbers that are thought to be conservative since it was based on
agronomic species rather than those more (tolerant species established in near-pile soils. If
effect, the concentration of zinc in near-pile soils could potentially result in reduced yield ini i
plants, but little if any measurable impact on native species is expected.

10.4 T&E SPECIES

One state-listed species has critical habitat within areas impacted by mine and' mill
waste while several others have critical habitat that could be affected by the migration of site-
related metals associated with streamflow in Willow Creek and/or Spring; Branch. TQs for
surrogate amphibians based on the upper-bound concentration of metals in on-site surface

I j
water bodies (conservatively includes Tar Creek and subsite ponds) indicate that exposure toi - ,
site-related metals is not expected to cause adverse impacts in exposed individuals or
populations (all TQs were less than 1).
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CALCULATION OF FAVs

The Final |Acute Values were calculated using the four selected GMAVs and cumulative
probabilities for each metal of concern according to Equation (A-l). Specific calculations and
toxicity data used! to derive the site-specific FAVs for each metal are also provided.

FAV = e' (A-l)

A = 5(̂ 0.05) + L

GMAV)2

S (F) - ((S v/P))2/4)

L = (Z3(ln GMAV) -
4

where: FAy
A !

is
L
P i
GMAV
In

Final Acute Value
Intermediate Step
Intermediate Step
Intermediate Step
Cumulative Probability
Genus Mean Acute Value
Natural Logarithm

A-l
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1 1 111 11 1 1 Ilillllllllliiill
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1 1 1

4 14 ! 3830

3 14 3265

2 14 ; 1578

1 14 ' 1353

Sum

S2 21.742

L 5.8790

A 6.9216

FAV 1013.9536

8.2506 68.0727 0.26667 0.51640

8.0910 65.4645 0.20000 0.44721

7.3639 54.2272 0.13333 0.36515

7.2101 51.9852 0.06667 0.25820

30.9156 239.7497 0.66667 1.58696

iiiiSiiSU&Sfmm
Illll^^^Uffi^^^li

88,960

19,800

18,400

17,940

16,820

10,560

10,250

9,712

8,157

6,053

3,830 Rank (4)

3,265 Rank (3)

1,578 Rank (2)

1,353 Rank (1)

:•:-:•:• :•:•:-:•:-:- >:• 'y,-; '.-.•'.• '•:•:.•'••'•:'••/.'• :'•:'•: •: •:- :•:•:-:•:':-:•:':• :-: ':-:-: •:•:-:•:•:-:•:':-:•:•:•: :::::: : :::' ::::: ::: ::: ' :- ::: ':; :::':-::: ':-: :: ::- ::: ':: ::: ':-:': ':̂  :; •:-;•:':-:•:•:-: :x- ;•:-:':•••:-;•:':•. :: :: : :•:•:•:v.v.v.v.v. ;.;, ;.:•:•:•:•:•:•;•:•:•:•:•:•:•;;:•:•:•:•:•:•:•:• :•: v :•:•:•:•:•:-:-:;:•:•: •: ̂  •:•:•: ;: ; : • : :: • ̂  : :: •:• : •: •:•:•:•:•: •: •:•:•: •:•&:•: •: •:• :•:*:• :•: •:•:•:•:•:•:•:•:•: •:•;•:•:•:•:•:•:•:•:•:•••;•:•:•:•:•:•:•:•:•

Damselfly, Argia

Amphipod, Crangonyx

Worms, Nais

Banded Killifish, Fundulus

Snail, Amnicola

Pumpkinseed, Lepomis

Goldfish, Carassius

Worm, Lumbriculus

Isopod, Asellus

Guppy, Poecilla

Fathead minnow, Pimephales

Isopod, Lirceus

Snail,

Snail,

Hellsoma

Physa

5,=[E((/n GMAV?)
& . i

L = (E(/n GMAV)\
A = 5(v/005) + L\
FAV = eA i

- ((E(v/F))2/4)]

A-2
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4

3

2

1

:> : :;::::; : :: :;::<>::::::x'x:

:- • ::-;-'- 3 j ::-::1::::---';;--::-;-:;-:;; : SB. nmmjm
i -

10 !

10 f

10

10

Sum

S2 7.043

L 7.7130

A 8.3064

>:::-:£;-:v:-:v:::>-:v:':-:':v:-:'::::::::::::::;:::;:;:v:::v:;:::;:-::X;>:;:;:::;:::::;:::;:::::;:;:

9661

9530

8027

4636

:•.-:•: •:•:•:•:•:•: -:•:•:-: :•:-:•:•;•:-:•:•;•;•:•:-;•:•:•:•:•:•
:•:•:•:• ::-:-:;:-::; ^x^'-Xv:-1-:'^?:".":^'^-^

§

9.1759

9.1622

8.9906

8.4416

84.1963

83.9459

80.8303

71.2607

|p||/l|l|J

0.36364

0.27273

0.18182

0.09091

i::':::;lt§:iiil

0.60302

0.52223

0.42640

0.30151

35.7702 320.2332 0.90909 1.85317

FAV 4049.8789

11 II

43,250

40,460

21,320

21,200

14,100

12,770

9,661 Rank (4)

9,530 Rank (3)

8,027 Rank (2)

4,636 Rank (1)

Banded killifish, Fundulus

Stonefly, Acroneuria

Goldfish, Carassius

Damselfly, Unidentified sp.

Worm Nais

Snail, Amnicola

Guppy, Poecilla

Pumpkinseed, Lepomis

Fathead minnow, Pimephales

Mayfly, Ephemerella

S2=[E((/n GMAV?) -
L = (E(/n GMAV) \- (S(E(v/P))))/4
A = 5(v/O05) + L -I

- ((E(v/P))2/4)]
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Illlll 1 ! 1 1 II II ! I II II

illliiliii I
4

3

2

1

1 1 11 1 1 1 1

25 i
i25 :

25 ;
25 \

104

98.79

42.8

30.5

4.6444

4.5930

3.7565

3.4177

21.5704

21.0956

14.1116

11.6809

0.15385

0.11538

0.07692

0.03846

L^XXX:::.^-;. ••.;::.;; - :̂x;:-:- v:-:::v---;>:
-.•:'•,•:•:••.•;••.••. :• '' '•- ••'• :7 D: : '•'•- • ••••'•'• --•'-••
;.;;;.;.;..-....-.. •-« I'/* '~ •-: • ..•:.:•:-..-:•:•:•.•:•:•:•:•:•:-;:•:«•*•"---.•"-.• .•.•,:•.•.•.•-•'

•i:|:|X'!.-i:':,:::;!;:::-:""^-:V:-!:--:OV", ;!;•::£!£:;!:

0.39223

0.33968

0.27735

0.19612

Sum '• 16.4117 68.4584 0.38462 1.20538
I

S2 52.520|

L 1.9190 !

A 3.5395 '

FAV 34.4509,

iiiiiiiiiiiiisiiiiiiiissi 1 1 1 inllllllllllliililll 1 1 1 in
8,325 !

8,100

7,921

7,685

6,915

5,708

4,990

4,778

4,024

4,024

3,800

3,641

3,570

3,018

2,310

2,137

1,700

1,200

1 illlllllil l^l^^^liii^iJi^^ftllai^iiPiiililisSlll

Goldfish, Carassius

Damselfly, (Unidentified)

Tubificid worm, Rhyacordrilus

Mosquitofish, Gambusia

Tubificid worm, Stylodrilus

Channel catfish, Ictalurus

Tubificid worm, Spirosperma

Tubificid worm, Varichaeta

Tubificid worm, Tubifex

Tubificid worm, Quistradilus .

Snail, Amnicola

Green sunfish, Lepomis

Guppy, Poecilla

Tubificid worm, Branchiura

Mayfly, Ephemerella

Tubificid worm, Limnodrilus

Worm, Nais

Midge, Chironomus
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400.5 1

322.8 !
l

156.9 ;

104.0 Rank (4)

98.79 Rank (3)

42.80 Rank (2)

30.50 Rank (1)

Illlllllll̂ ^

Isopod, Asellus

Mayfly, Paraleptophlebia

Snail, Physa

Snail, Aplexa

Banded killifish, Fundulus

Isopod, Lirceus

Fathead minnow, Pimephales

GMAV)2) - ((E(/n GMAV))2)/4]
L = (£(/n GMAV),- (S(E(v/P))))/4
A = 5(v/O05) + L '
FAV = eA

- ((E(v/P))2/4)]

A-5

B:\EcoAppen.REQ (03/24/93)



11 ill! 1 1 ill nil i i
i liiii ;

4

3

2

1
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6

6

6

6

1

66140

52310

25440

1040

1 1 iiiiiiii i
11.0995

10.8649

10.1441

6.9470

123.1995

118.0470

102.9023

48.2605

0.57143

0.42857

0.28571

0.14286

0.75593

' 0.65465

; 0.53452

0.37796

Sum 39.0555 392.4093 1.42857 2.32307

S2 139.479

L 2.9049 '

A 5.5458

FAV 256.1522

iw^^^raiiliiiiiiiiiiiil

235,900 <

101,100 ;

66, 140 Rank (4)

52,3 10 Rank (3)

25,440 Rank (2)

1,040 Rank (1)

^^S^^8^^^1i^lli^^^li§ll^iililiS;lllli?il
Midge, Tanytarsus

Goldfish, Carassius

Guppy, Poecilia

Bluegill, Lepomis

Fathead minnow, Pimephales

Snail, Aplexa

S2=[E((//i
L = (E(/n GMAV)\
A = S(v/O05) + L i

- «E(v/P))2/4)]
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Rank

21 50 3.9120 15.3039 0.18182 0.42640

21 30 3.4012 11.5681 0.13636 0.36927

21 20 2.9957 8.9744 0.09091 0.30151

1 21 20 2.9957 8.9744 0.04545 0.21320

Sum

S2

L

A

FAV

22.450

1.7740!

2.8334 '

17.004o!

13.3047 44.8209

A-7

0.45455 1.31039

iisiiiii^^^iJHiiiiii
2,000 !

2,000

1,200

1,000

406.2

370

250

240

180 '

180

160 |

158.7

140

140 i

100

80 '

80

50 Rank (4) !

Stonefly, Acroneuria

Mayfly, Ephemerella

Damselfly, (Unidentified)

Worms, Nais

Tubificid worm, Spirosperma

Snail, Aplexa

Tubificid worm, Quistadrilus

Tubificid worm, Ryacodrilus

Tubificid worm, Limnodrilus

Mosquitofish, Gambusia

Bluegill, Lepomis

Fathead minnow, Pimephales

Tubificid worm, Tubifex

Tubificid worm, Stylodrilus

Tubificid worm, Varichaeta

Tubificid worm, Branchiura

Snail, Amnicola

Crayfish, Orconectes
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30 Rank (3)

20 Rank (2)

20 Rank (1)

^^^^^^^^^^y^^S^-^^^M^lS^l^S^SS&^j^. '.. .''f...:. ':';

::S;;;:;:j:;:i:i:;:;:|:;:;:|:;;i;:̂ ^

Guppy, Poecilla

Crayfish, Faxonella

Midge, Chlronomus

GMAVfi -
! - (5(E(v/P))))/4

= 5(̂ /005)
= eA

A-8
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ADJUSTING FAVs FOR HARDNESS-

FA Vs were adjusted for a hardness of 190 mg CaCO3/L using the following equation
obtained from the AWQC documents for the metals of concern:

Adjusted FAV = eK810!* x to Hardness) + ID Intercept] (A-2)

where: slope

hardness

intercept

pooled slope provided in the appropriate AWQC
document;

hardness for which LC50 or acute value is to be adjusted
(in this case, 190 mg CaCO3/L);

Y-intercept from the regression equation used to adjust
the individual species values to a hardness of 50 mg/L.

Since Y-intercept values are not reported in AWQC documents, they were calculated using the
following equation obtained from the AWQC documents for the metals of concern:

In Intercept = In (FAV) - [Slope x In (Hardness)] (A-3)

where: intercept
t

FAY

slope
i

hardness

= the Y-intercept of the regression equation;

= the final acute value calculated for that metal for a
hardness of 50 mg CaCO3/L;

= pooled slope provided in the AWQC document for the
metal of interest;

= 50 mg CaCOj/L.

Example Calculation - Zinc

The species mean abute for zinc for the pumpkinseed sunfish adjusted for hardness of 50 mg
CaCO3/L is 18,700 /ig/L, and the pooled slope is 0.847 (EPA, 1987). Therefore, using
Equation A-3, the Y-intercept is estimated to be 6.52 as follows:

i
In (Intercept) = In (18,700) - [0.8473 x ln(50)]
In (Intercept) = 9.836 - [0.847 x 3.91]

! = 6.52

A-9
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Using Equation A-2, the FAV (at 190 mg CaCO3/L) for the pumpkinseed sunfish is calculated
to be 57,884 /xg/L as follows:

Adjusted FAV = e*10"6 x tol90] * to Intercept)

Adjusted FAV = e™-™ * 5-247) +6-^

= 57,884 fig/L.

The FAV for mercury was not adjusted, since water hardness has no appzirent effect on the
toxicity of mercury (EPA, 1984d). Site-specific FAVs adjusted for a hardness of 190 mg
CaCO3/L are shown in Table 7-4. An example calculation (for adjusting cadmium is provided
below: '

Example Calculation - Cadmium

In (Intercept) = In (34.4509) - [1.128 x ln(50)] (A-3)

= 3.5395-[1.128x3.9120)

| = -0.8733
i

Using equation 7-2; the FAV (at 190 mgCaCO,/L) is calculated to be 155 /tg/L as follows:i
Adjusted FAV = e([»lopextol90] + to Intercept)

f

Adjusted FAV = eP-m* s-2470) + (-°-8733)1

A-10

B:\EcoAppen.REQ (03/24/93)



MAXIMUM ALLOWABLE TOXICANT CONCENTRATION CALCULATIONS-

The following regression equation developed by (Suter et al., 1987) was used to predict
the chronic Maximum Allowable Toxicant Concentrations (MATC) from an acute LC50.

i

lo|g MATC G*g/L) = -0.70 + 0.73 x log LC50 0*g/L) (A-4)

In this case, the site-specific FAV for cadmium listed in Table 7-3 (155 /xg/L) was inserted into
Equation A-4 for the log LC50 as shown in the example calculation below.

Acute to Chronic Calculation - Aquatic Vertebrates

log MATC fag/L) = -0.70 + 0.73 x Log (155 /tg/L) (A-4)
1 = -0.70 + 0.73 x (2.19)
! = 0.90

MATC Gig/L) = 7.92

The data set used to generate this regression equation was compiled from published results
of life cycle, partial life cycle, and early life stage tests performed on freshwater fish
(vertebrates). It includes 25 tests on nine metals with 18 species (Suter et al., 1987).
Concentration-response data were averaged across duplicates within the same study. Data were
eliminated if more than 30 percent mortality occurred in the control population. The LC50 and
chronic data used for the acute-to-chronic extrapolations were taken from the isarrie study so that
consistent fish populations and water concentrations were used. Differences in hardness were
not specified. Therefore, since the equation used to predict MATCs for aquatic organisms is
derived from tests done on a variety of species and life stages with varying sensitivities, the
resulting TRVs should also be protective of numerous species and life stages.

,' i •
Suter (1986) reported a similar regression equation (A-5) designed to predict chronic

MATCs from acute-to-chronic extrapolations done for Daphnia spp., since invertebrate chronic
data are limited to life-cycle tests with Daphnia spp. (i.e., there are little chronic data for any
other freshwater inyertebrate species). The data set used to generate the regression equation
developed for aquatic invertebrates was compiled from published results of 27 life cycle test data
on nine metals taken from the 1980 and 1984 AWQC support documents (Suter, 1986).

i . "
log MATC (\ig/L) = -1.08 + 0.96 x log LCX (u£/I) (A-5)

: A-IIi
B:\EcoAppen.REQ (03/24/93)



Acute to Chronic: Calculation - Aquatic Invertebrates

log MATC Oig/L) = -1.08 + 0.96 x Log (155 jtg/L) (A-5)
= -1.08 + 0.96 x (2.1903)
= 1.0227

MATC = 10.5363 jtg/L

A-12
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DOSE ESTIMATES FOR THE RED-TAILED HAWK, BARRED OWL, AND THE MINK, ECOLOGICAL RISK ASSESSMENT, BAXTER SPRINGS/TREECE SUBSITES, CHEROKEE COUNTY

INTAKE = [(CM x QM x FI x BA) + (CA x QA x FI) + (CS x QS x FI) + (CW x QW x FI)] / BW

CM = concentration in mice (Table 5-6); CA = concentration in air (Table 5-4); CS = concentration in near-pile soils (Table 3-3).
CW = concentration in surface water (Table 5-5); BW = body weight (Table 5-8).
QM, QA, QS, and QW = quantity of mice, air, soil, and water, respectively, taken in by the receptor of concern (Table 5-8).

RED-TAILED HAWK - WORST-CASE

__ CM.._.....
Metal (mg/kg)^

Cadmium 1.5
Lead 3.7
Zinc 39.4

RED-TAILED HAWK

CM
Metal (mg/kg)

Cadmium 0.8
Lead 2.2
Zinc 35.6

QM . .__
(kg/d)
0.135
0.135
0.135

-RME

QM
(kg/d)
0.135
0.135
0.135

FI
1
1
1

FI
0.75
0.75
0.75

__CA _
(mg/m3)
5.2E-06
7.6E-05
9.1E-04

CA
(mg/m3)
5.2E-06
7.6E-05
9. IE-04

_QA_ :
(m3/d)

0.6
0.6
0.6

QA
(m3/d)

0.6
0.6
0.6

. . _ __
FI
1
1
1

FI
0.75
0.75
0.75

_ . -_CS_- .
(mg/kg)

6.6
113.9
995.6

CS
(me/kg)

4.5
88.1
710

_ _QS—
(kg/d)
0.014
0.014
0.014

QS
(kg/d)
0.014
0.014
0.014

FI
0.1
0.1
0.1

FI
0.1
0.1
0.1

CW
(mg/L)

0.04
0.04
7.1

CW
(mg/L)

0.03
0.02
5.00

-QW- -
(L/day)
0.045
0.045
0.045

QW
(Uday)
0.045
0.045
0.045

._. __ — -
FI

0.25
0.25
0.25

FI
0.1
0.1
0.1

- BW Intake
(kg) (mg/kg-d)
1.32 0.16
1.32 0.50
1.32 5.15

BW Intake
(kg) (mg/kg-d)
1.32 0.07
1.32 0.26
1.32 3.50

BARRED OWL - WORST-CASE

CM
Metal (mg/kg)

Cadmium 1.5
Lead 3.7
Zinc 39.4

QM
(kg/d)

0.09
0.09
0.09

FI
1
1
1

CA
(mg/m3)
5.2E-06
7.6E-05
9. IE-04

QA
(m3/d)

0.3
0.3
0.3

FI
1
1
1

CS
(mg/kg)

6.6
113.9
995.6

QS
(kg/d)
0.009
0.009
0.009

FI
0.1
0.1
0.1

CW
(mg/L)

0.04
0.04
7.1

QW
(L/day)

0.03
0.03
0.03

FI
0.25
0.25
0.25

BW Intake
(kg) (mg/kg-d)
0.74 0.19
0.74 0.59
0.74 6.08

BARRED OWL - RME

CM
Metal (mg/kg)

Cadmium 0.8
Lead 2.2
Zinc 35.6

QM
(kg/d)
0.09
0.09
0.09

FI
0.75
0.75
0.75

CA
(mg/m3)
5.2E-06
7.6E-05
9. IE-04

QA
(m3/d)

0.3
0.3
0.3

FI
0.75
0.75
0.75

CS
(mg/kg)

4.5
88.1
710

QS
(kg/d)
0.009
0.009
0.009

FI
0.1
0.1
0.1

CW
(mg/L)

0.03
0.02
5.00

QW
(L/day)

0.03
0.03
0.03

FI
0.1
0.1
0.1

BW Intake
(kg) (mg/kg-d)
0.74 0.08
0.74 0.31
0.74 4.13
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INTAKE = [(CM x QM x FI) + (CF x QF x FI) + (CA x OA x FI) + (CS x QS x FI) + (CW x QW x FI)) / BW

CM = concentration in mice (Table 5-6); CF = concentration in fish (Table 5-7); CA = concentration in air (Table 5-4)
CS = concentration in near-pile soils (Table 3-3); CW = concentration in surface water (Table 5-5); BW = body weight (Table 5-8).
QM, QF, QA, QS, and QW = quantity of mice, fish, air, soil, and water, respectively, taken in by the receptor of concern (Table 5-8).

Mink assumed to forage 50% on subsite mice and 50% on subsite fish.

MINK - WORST-CASE

CM
Metal (mg/kg)

Cadmium 1.5
Lead 3.7
Zinc 39.4

QM
(mg/kg)

0.23
0.23
0.23

FI
0.5
0.5
0.5

CF
(mg/kg)

0.3
5.05

115.1

QF
(kg/a)
0.23
0.23
0.23

FI
0.5
0.5
0.5

CA
(mg/m3)
5.2E-06
7.6E-05
9.1E-04

QA
(m3/d)

0.45
0.45
0.45

FI
1
1
1

CS
(mg/kg)

6.6
113.9
995.6

QS
(kg/d)
0.006
0.006
0.006

FI
0.1
0.1
0.1

CW
(mg/L)

0.04
0.04
7.1

QW
(L/day)
0.076
0.076
0.076

FI
0.5
0.5
0.5

BW Intake
(kg) (mg/kg-d)
1.125 0.19
1.125 0.96
1.125 16.6

MINK-RME

Metal
CM QM

(mg/kg) (mg/kg) FI
CF

(mg/kg)
QF

(kg/d) FI
CA QA

(mg/m3) (m3/d) FI
CS QS

(mg/kg) (kg/d) FI
CW QW

(mg/L) (Udav) FI
BW Intake
(kg) (mg/kg-d)

Cadmium 0.8 0.23 0.5 0.2 0.23 0.5 5.2E-06 0.45 1 4.5 0.006 0.1 0.03 0.076 0.5 1.125 0.11
Lead 2.2 0.23 0.5 3.5 0.23 0.5 7.6E-05 0.45 1 88.1 0.006 0.1 0.02 0.076 0.5 1.125 0.63
Zinc 35.6 0.23 0.5 92.5 0.23 0.5 9.1E-04 0.45 1 710 0.006 0.1 5.00 0.076 0.5 1.125 13.6
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APPENDIX B

SURFACE WATER DATA AND STATISTICS



BAXTER SPRINGS/TREECE REMEDIAL INVESTIGATION
SURFACE WATER DATA - PRELIMINARY DATA 22-Mar-93

Sampling
Date

2/19/91
2/19/91
2/19/91
5/05/91
5/05/91
5/05/91
8/02/91
11/20/91
11/20/91
11/20/91
12/13/91

WILLOW CREEK
n=ll

2/21/91
2/21/91
5/05/91
5/05/91
8/02/91
11/18/91
11/18/91
12/13/91

SPRING BRANCH
n=8

2/20/91
2/20/91
2/20/91
5/05/91
5/05/91
5/05/91
12/12/91
12/12/91
12/12/91

TAR CREEK
n=9

' Station
ID

1

WC1
WC2

; WC3
« WC1

WC2
; WC3
1 WC3
1 WC1

WC2
| WC3

WC3
i
1 MAXIMUM

MINIMUM
AVERAGE

GEOMETRIC MEAN
i

' SB1 .
SB2
SB1

, SB2
' SB2
| SB1
! SB2
! SB2
i

j MAXIMUM
{ MINIMUM
i AVERAGE

GEOMETRIC MEAN
i
1 TC1
< TC2
' TC3
!' TCl
1 TC2
! TC3
; TCl
| TC2
I TC3
i

I MAXIMUM
j MINIMUM
> AVERAGE

GEOMETRIC MEAN
; i

" i
.

Hardness
asCACO3

mg/1

118
170
320
55
59
71
660
45
79
100
74

660
45
159
109

534
578
140
160
760
389
359
270

760
140
399
344

55
306
410
41
110
220
44
390
470

470
41
227
156

Sampling Station
Date ID

2/20/91 TT-l
5/05/91 TT-:l
12/13/91 TT-l

Tar Creek Trib MAXDKfUM
n=3 MINIMUM

AVERAGE
GEOMETRIC MEAN

2/21/91 LC-1
5/05/91 LC-3
11/19/91 LC-1.

Lytle Creek MAXIMUM
n=3 MINIMUM

AVERAGE
GEOMETRIC MEAN

BP1
BP2
BP3
BP4
BP5

BAXTER POND MAXIMUM
n=5 ' MINIMUM

AVERAGE
GEOMETRIC MEAN

TP1
TP5
TP6
TP7
TP9

rREECE PONDS MAXIMUM
n=5 MINIMUM

AVERAGE
GEOMETRIC MEAN

Geometric Mean (All Ponds)
Geometric Mean (All Streams) '
Geometric Mean (All Surface Water)

Arthimetic Mean (All Ponds)
Arthimetic Mean (All Streams)
Arthimetic Mean (All Surface Water)

Hardness
asCACO3

mg/1

287
130
320

320
130
246
227

94
34
55

94
34
64
56

1,110
130
840
92
470

1,110
92
528
350

560
740
680
110
320

740
110
482
397

373
158;
191

504
233
294
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Surface Water Data for Baxter Springs and Treece Subsites

Station
ID

Date
Sampled

Cadmium
Tot.Rec.

mg/1

Copper
Tot.Rec.

mg/1

Iron
Tot.Rec.

mg/1

Lead
Tot.Rec.

mg/1

Manganese
TotRec.

mg/1

Nickel
TotRec.

mg/1

Silver
TotRec.

mg/1

Zinc
TotRec.

mg/1
, . - _ . _ _ . _ „ . . - . . _ _ . _ - - _ . . - - _ _ . . . - . - _ . . . ._ . .__. - . . -

WC2
WC2
WC2

Average
Stnd Dev

95% UCL
Geometric

WC3
WC3
WC3
WC3
WC3

Average
Stnd Dev

95% UCL
Geometric

02/19/91
05/05/91
11/20/91

Mean

02/19/91
05/05/91
08/02/91
11/20/91
12/13/91

Mean

0.0021
0.0012
0.0023
0.0019
0.0006
0.0029
0.0018

0.0009
0.0018

(0.00025)
0.0020
0.0011
0.0011
0.0009
0.0020

0.00098

(0.0025)
(0.0025)
(0.0025)
0.0025
0.0000
0.0025
0.0025

(0.0025)
(0.0025)
(0.0025)

0.009
0.009

0.0051
0.0036
0.0085
0.0042

0.4
3.9
3.9

2.7333
2.0207
6.1399
1.8245

1.1
5.4
0.2
5.6

11.0
4.6600
4.3067
8.7662
2.3598

0.007
0.019
0.014

0.0133
0.0060
0.0235
0.0124

0.006
0.019
0.002
0.023
0.025

0.0150
0.0104
0.0249
0.0106

0.14
0.19
0.13

0.1533
0.0321
0.2075
0.1515

0.35
0.20
0.21
0.19
0.28

0.2460
0.0680
0.3109
0.2391

(0.02) (0.0001)
(0.02) (0.00025)
(0.02)

0.0200
0.0000
0.0200
0.0201

0.03
0.02

(0.02)
(0.02)
(0.02)

0.0220
0.0045
0.0263
0.0217

(0.0001)
0.0002
0.0001
0.0003
0.0001

(0.0002)
(0.00025)
(0.0003)
(0.0001)
(0.0001)
0.0002
0.0001
0.0003
0.0002

0.900
0.360
0.670

0:6433
0.2710
1.1002
0.6013

1.000
0.540
0.220
0.810
0.530

0.6200
0.2979
0.9040
0.5515
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Surface Water Data for Baxter Springs and Treece Subsites

Station
ID

SBf
SB1
SB1

Average
Stnd Dev

95% UCL
Geometric

SB2
SB2
SB2
SB2
SB2

Average
Stnd Dev

95% UCL
Geometric

Date
Sampled

02/21/91
05/05/91
11/18/91

Mean

02/21/91
05/05/91
08/02/91
11/18/91
12/13/91

Mean

Cadmium
TotRec.

mg/1

0.1600
0.0360
0.1600
0.1187
0.0716
0.2394
0.0975

0.0270
0.0300
0.0230
0.1100
0.0800
0.0540
0.0390
0.0912
0.0439

Copper
Tot.Rec.

mg/1

(0.0025)
(0.0025)
(0.0025)

0.0025
0.0000
0.0025
0.0025

(0.0025)
(0.0025)
(0.0025)
(0.0025)

0.005
0.0030
0.0011
0.0041
0.0029

Iron
TotRec.

mg/1

(0.15)
(0.25)

0.1
0.1667
0.0764
0.2954
0.1557

(0.1)
0.6

(0.05)
0.2
0.3

0.2500
0.2179
0.4578
0.1783

Lead
TotRec.

mg/1

0.006
0.022
0.006

0.0113
0.0092
0.0269
0.0093

(0.0015)
0.018
0.001

(0.002)
0.005

0.0041
0.0082
0.0120
0.0031

Manganese
Tot.Rec.

mg/1

0.09
0.07
0.05

0.0700
0.0200
0.1037
0.0682

0.16
0.07
0.23
0.04
0.03

0.1060
0.0862
0.1882
0.0791

Nickel
Tot.Rec.

mg/1

0.05

Silver
Tot.Rec.

mg/1

(0.00005)
(0.02) (0.00025)

0.04
0.0367
0.0153
0.0624
0.0343

(0.0001)
0.0001
0.0001
0.0003
0.0001

(0.02) (0.00005)
0.01
0.04
0.05

(0.02)
0.0280
0.0164
0.0437
0.0240

(0.00025)
(0.0005)

(0.000005)
(0.0001)
0.0002
0.0002
0.0004

0=00008

Zinc
TotRec.

mg/1

20.000
3.800

18.000
13.9333
8.8325

28.8233
11.0743

5.500
3.200
3.700

14.000
11.000
7.4800
4.7809

12.0383
6.3132
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Surface Water Data for Baxter Springs and Treece Subsites

Station
ID

TC2 ~ """
TC2
TC2

Average
Stnd Dev

95% UCL

Date
Sampled

"02/20/91
05/05/91
12/12/91

Geometric Mean

TC3
TC3
TC3

Average
Stnd Dev

95% UCL

02/20/91
05/05/91
12/12/91

Geometric Mean

Cadmium
Tot.Rec.

mg/1

0.0036
0.0015
0.0300
0.0117
0.0159
0.0385
0.0055

0.0200
0.0070
0.0400
0.0223
0.0166
0.0504
0.0178

Copper
Tot.Rec.

mg/1

(0.0025)
(0.0025)

0.007
0.0040
0.0026
0.0084
0.0035

(0.0025)
(0.0025)

0.012
0.0057
0.0055
0.0149
0.0042

Iron
TotRec.

mg/1

0.4
2.5
2.3

1.7333
1.1590
3.6872
1.3196

0.6
0.9
1.3

0.9333
0.3512
1.5254
0.8889

Lead
Tot.Rec.

mg/1

0.025
0.025
0.043

0.0310
0.0104
0.0485
0.0301

0.075
0.073
0.078

0.0753
0.0025
0.0796
0.0755

Manganese
Tot.Rec.

mg/1

0.22
0.24
1.10

0.5200
0.5024
1.3669
0.3876

0.44
0.59
1.10

0.7100
0.3460
1.2933
0.6588

Nickel
TotRec.

mg/1

Silver
Tot.Rec.

mg/1

(0.02) (0.00005)
(0.02) (0.00025)

0.04
0.0267
0.0346
0.0851
0.0253

0.02
(0.02)

0.05
0.0300
0.0173
0.0592
0.0002

(0.0001)
0.0001
0.0001
0.0003
0.0001

(0.00005)
0.0021

(0.0001)
0.0008
0.0012
0.0027
0.0002

Zinc
TotRec.

mg/1

4.700
0.700

21.000
8.8000

10.7531
26.9278
4.0976

5.400
1.500

22.000
9.6333

10.8859
27:9850
5.6176

() - Value in Parenthesis is one-half the detection limit
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Spring River Near Baxter Springs

CHEROKEE SURFACE WATER STATISTICS

Cadmium
Copper

Diss. (mg/l)
02/05/74 to 06/06/78

- ' - — — — ~

n=
max=
min=
Avg. =
Std. Dev.=
95% UCL=

0.0100
0.0000
0.0000
0:0000
0.0000
0.0000
0.0000
0.0100
0.0000
0.0000
0.0000
0.0000
0.0000

13
0.0100
0.0000
0.0015
0.0038
0.0034

n=
max=
min=
Avg.=
Std. Dev.=
95% UCL=

Total Rec. (mg/l)
03/14/79 to 04/14/92

0.0040
0.0020
0.0020

~ oTobTo~""
0.0060
0.0010
0.0020
0.0160
0.0020
0.0010
0.0010
0.0010
0.0030
0.0040
0.0030
0.0030
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0:0020

23
0.0160
0.0010
0.0029
0.0031
0.0040

Diss. (mg/l)
02/05/74 to 06/06/78

n=
max=
min=
Avg.=
Std. Dev.=
95% UCL=

0.1000
0.1000
0.1000
0.0200
0.0000
o.tooo
0.0200
0.1000
0.0300
0.0100
0.0100
0.0200
0.0900
0.0100

14
0.1000
0.0000
0.0507
0.0434
0.0713

Total Rec. (mg/l)
03/14/79 to 04/14/92

n=
max=
min=
Avg.=
Std. Dev.=
95% UCL=

0.0300
0.0100
0.0100
0.0000
0.0000
0.0200
0.0100
0.0100
0.0100
0.0100
0.0200
0.0200
0.0090
0.0090
0.0060
0.0140
tfivvUU

0.0150
0.0210
0.0110
0.0110
0.0160
0.0140

23
0.0300
0.0000
0.0123
0.0069
0.0147



CHEROKEE SURFACE WATER STATISTICS

Spring River Near Baxter Springs

Lead

Diss. (mg/l)
06/04/74 to 06/06/78

Zinc

n=
max=
min=
Avg.=
Std. Dev.=
95% UCL=

0.0000
0.0000
0.0000

"~~ "b.oooo
0.0000
0.0000
0.1000
0.0000
0.0000
0.0400
0.5000
0.2000

12
0.5000
0.0000
0.0700
0.1466
0.1470

Total Rec. (mg/l)
03/14/79 to

0.0300
0.0100

n=
max=
min=
Avg.=
Std. Dev.=
95% UCL=

04/14/92

aoooo
0.0100
0.0200
0.2000
0.0050
0.0100
0.0130
0.0090
0.0200
0.0090
0.0060
0.0240
0.0010
0.0200

17
0.2000
0.0000
0.0234
0.0462
0.0429

Diss. (mg/l)
02/05/74 to 08/06/78

0.3900
0.4200
0.4500 .
0.6300
0.5400
0.2400
0.4200
1.6000
0.5100
0.7200
1.1000
1.2000
0.3400
0.6700

14
1.6000
0.2400
0.6593
0.3844
0.8143

n=
max=
mln=
Avg.=
Std. Dev.=
95% UCL=

Total Rec. (mg/l)
03/14/79 to 04/14/92

0.5200
0.3900
0.2600 —
0.2000
0.4100
0.2200
0.3100
1.7100
0.1600
0.5200
0.1700
0.4900
0.3290
0.1780
0.5280
0.2850
0.1790
0.2300
0.1220
0.0900
0.4030
0.2520
0.3740

23
1.7100
0.0900
0.3610
0.3225
0.4765



CHEROKEE SURFACE WATER STATISTICS

Neosho River 300 Yards Downstream of the confluence with Tar Creek (*)

Lead
Cadmium

Diss. (mg/l)
8/82

Total Rec. (mg/l)
8/82

Diss. (mg/l)
8/82

Total Rec. (mg/l)
8/82

n=
max="
min=
Avg.=

n= , 6
~m'ax= 1X003
min= 0.002
Avg.= 0.0021

n=
max=
mln=
Avg.=

n=
max=
min=
Avg.=

6
0.02
0.02
0.02

Zinc

Diss. (mg/l)
8/82

• Total Rec. (mg/l)
8/82

n=
max=
min=
Avg.=

n=
max=
min=
Avg.=

6
0.72

0.058
0.325

(*) Data from: Oklahoma Water Resources Board, Effects of Acid Mine Discharge on the Surface Water Resources in the Tar Creek Area Ottowa County, Oklahoma, March 1983



TABLE 1.6-2
HISTORICAL WATER QUALITY DATA SUMMARY FOR WILLOW CREEK AND SPRING RIVER KANSAS

Cadmium
Station Dissolved

(mg/T)

Cadmium Copper Copper
Total Dissolved Total
(mg/l) (mg/l) (mg/l)

Iron
Dissolved

(mg/l)

Iron Lead Lead
Total Dissolved Total
(mg/l) (mg/l) (mg/l)

Manganese Manganese Zinc
Dissolved Total Dissolved

(mg/l) (mg/l) (mg/l)

Zinc
Total
(mg/l)

WILLOW CREEK
(1)Willow Creek at Baxter Springs, KS
From 6/81 to 8/81

(1)Willow Creek Tributary 3 near BS.KS

(1)Willow Creek 1 mile W. BS, KS

(1)Willow Creek 2 miles W. BS. KS

(1)Willow Creek 3 miles W. BS, KS

„. _ . _ Average. -
Maximum
Minimum

Number of Samples

Sampled on 3-17-82

Sampled on 8-13-81

Sampled on 8-1 3-81

Sampled on 6-17-81

.0.000
0.000
0.000

2

0.110

0.000

0.000

0.000

_ . _ — _ — 0.005- -- ——
~ 0.010 —
— 0.000 —
_ _ 2 _

— 0.000 —

— 0.010 —

— 0.010 —

— 0.000 —

0.24
0.30
0.17

2

0.03

0.09

0.25

0.19

_ — 0.000- - — -
— 0.000 —
— 0.000 —
_ 2 _ .

— 0.000 —

- 0.000 -

— 0.000 —

— 0.000 —

- 0.12
0.14
0.10

2

0.09

0.04

0.15

0.35

~ '- - — -o:39"
— 0.63
— 0.14
—— ?

— 13.60

— 0.15

- 0.28

- 0.18

_
—
—
—

-

-

-

_
SPRING RIVER
(2)Spring River near
Baxter Springs, KS
From 2/74 to 6/78

(2)Spring River near
Baxter Springs, KS
From 3/79 to 11/91

(1)Spring River near BS, KS

Average
Maximum
Minimum

Number of Samples

Average
Maximum
Minimum

Number of Samples

Sampled on 8-1 1-81

0.002
0.010
0.000

13

—
—
—
—

0.000

- 0.051 -
— 0.100 —
— 0.000 —
— 14 —

0.003 — 0.012
0.016 — 0.030
0.001 — 0.000

21 - 21

0.020 —

—
—
—
—

0.762
10.08
0.04
44

0.02

1.10 0.070 —
1.60 0.500 -
0.19 0.000 —

3 12 —

— — 0.024
— — 0.200
— — 0.000
- - 16

— 0.000 —

—
—
—
—

0.225
0.974
0.010

44

0.11

0.25 0.66
0.27 1.60
0.22 0.24

2 14

_ _
— —
_ _
— —

— 0.09

—
—
—
—

0.37
1.71
0.09
21

-
Sources: (1) U.S. Geological Survey Open-File Heport 84-439: Assessment 01 Water Resources in Lead-Zinc Mined Areas in CneroXee County, and Adjacent Areas.

(2) Kansas Department of Health and Environment - Storet Data Summary 12/91. Dates of actual data may vary slightly among constituents.
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TABLE 1.6-4
HISTORICAL WATER QUALITY DATA SUMMARY FOR TAR CREEK AND NEOSHO RIVER IN OKLAHOMA

Station

1 AM UHttK
(l)Tar Creek on the Oklahoma-
Kansas state line south of
low water bridge.
From 2/80 to 12/82

(1 )Tar Creek on the Oklahoma-
Kansas state line south of
low water bridge.
From 1/87 to 2/89 ,

(4)Tar Creek on the Oklahoma-
Kansas state line south of
the low water bridge.
6/82 to 8/82

(2)Tar Creek at Treece, KB
From 6/81 to 3/82

(2)Tar Creek 1 mile NW Treece, KS

(2)Tar Creek near Cravensvilte, KS

(2)Chat Seepage near Treece, KS

(1)Tar Creek above Neosho River, OK
From 6/81 to 8/82

(4)Tar Creek 1 mile upstream from
the Neosho River.
From 6/82 to 8/82

NEOSHO RIVER
(3) Neosho River near Commerce, OK
and above Tar Creek Confluence
From 10/66-5/89

(4) Neosho River 300 yards upstream
of the confluence with Tar Creek
During 8/82

(4) Neosho River 300 yards downstream
of the confluence with Tar Creek
During 6/62

- - -- ——— —— --

1

(

Average
Maximum
Minimum

• Number oil Samples

Average
Maximum
Minimum

Number of Samples

Average
Maximum
Minimum

Number of Samples

Average
Maximum
Minimum

Number of Samples

Sampled on 8-13-81

Sampled on 6-17-81

Sampled on 3-18-82

Average
Maximum
Minimum

Number of Samples

Average
Maximum
Minimum

Number of Samples

Average
Maximum
Minimum

Number of Samples

Average
Maximum
Minimum

Number of Samples

Average
Maximum
Minimum

— - Number of Samples •-•

^aomium
JlssoNred
(mg/l)

0.054
0.230
0.009

6

0.016
0.034
0.008

3

—
—
—
—

0.020
0.040
0.010

3

0.000

0.000

0.057

0.003
0.004
0.002

3

_
—
—
—

0.0015
0.004
0.001

11

_
—
—

—

_
—
—

- • —

uaamium
Total
(mg/l)

0.017
0.023
0.011

10

0.017
0.035
0.006

8

0.0178
0.023
0.011

7

_
—
—
—

-

-

-

0.005
0.011
0.002

3

0.0186
0.083
0.002

20

0.0015
0.002
0.0
24

0.0027
0.003
0.002

3

0.0021
0.003
0.002

a~

oopper
Dissolved

(mg/l)

0.010
0.017
0.004

3

_
—
—
—

—
—
—
—

0.007
0.010
0.000

3

0.000

0.000

0.010

0.004
—
—
1

_
—
—
—

0.0088
0.06
0.0
24

_
- —
—

—

_
—
—

—

topper
Total
(mg/l)

0.011
0.020
0.004

3

_
" —
—
—

—
—
—
—

_
—
—
—

-

-

-

0.004
—
—
1

_
—
—
—

0.01 1 1
0.048
0.002

24

_
—
_

—

_
—
_

—

iron
Dissolved

(mg/l)

1.06
3.20
0.10
s

8.18
84.30
0.05

a

—
—
—
—

0.12
0.18
0.02

3

0.17

0.22

0.00

0.20
0.30
0.10

3

_
—
—
—

0.0885
0.46
0.0
20

_
—
_
—

_
—
—
—

iron
Total
(mg/l)

5.68
5.20
0.15
10

0.80
1.70
0.18

8

7.871
52

0.15
7

_
—
—
—

-

-

-

1.28
2.89
0.10

3

8.S53
52

0.55
20

1.875
55
0.0
120

1.703
2.88
1.1
3

1.083
2.59
0.28
8

Dissolved
(mg/l)

0.028
0.068
0.020

a

0.038
0.045
0.030

7

— •
—
—
—

0.010
0.030
0.000

3

0.000

0.000

0.010

0.02O
0.020
0.020

2

_
—
—
—

0.0032
0.02
0.0
23

_
—
—

—

_
—
—
—

Leaa
Total
(mg/l)

0.058
0.247
0.020

8

0.107
0.469
0.030

8

0.0718
0.247
0.02

7

_
—
—
—

-

. -

-

0.020
0.020
0.020

2

0.033
0.198
0.02
19

0.0128
0.025
0.002

24

0.02
0.02
0.02

2

0.02
0.02
0.02

6

Manganes
Dissolved

(mg/l)

0.19
0.50
0.05

5

_
—
—
—

_
—
—
—

0.11
0.16
0.04

3

1.10

0.11

0.14

0.165
0.200
0.130

2

_
—
—
—

0.0173
0.048
0.002

11

_
—
_
—

„.
—
—
—

Manganes
Total 1
(mg/l)

0.18
0.37
0.06

_. .». - .-

_
—
—
—

_
—
—
—

_
—
—
—

-

-

-

0.335
0.480
0.190

2

_
—
—
—

0.28
2.2
0.0
SB

_
—
—
—

_
—
—
—

unc
Dissolved

(mg/1)

9.08
39.40
1.24

_ 8. __

3.24
7.21
1.50
7

_
—
—
—

2.87
5.80
1.30
3

0.22

0.07

5.80

1.803
3.480
0.690

3

—
—
—
—

0.0275
0.15
0.0
24

_
—
—
—

_
—
—
—

£inc
Total
(mg/l)

6.87
13.80
2.10

-._10___

3.52
7.34
1.88
8

6.493
13.8
21
7

_
—
— .
—

-

-

-

6.083
14.200
1.550

3

21.333
104

0.281
20

0.0814
0.33
0.004

24

0.485
1.19
0.086

3

0.325
0.72
0.058

6
sources: (I) ukianoma male neann uepartmem - water Quality Uaia.

(2) U.S. Geological Survey Open-File Report 84-439: Assessment of Water Resources In Lead-Zinc Mined Areas In Cherokee County, and Adjacent Areas.
(3) Kansas Department of Health and Environment - Storet Data Summary 12/91. Dates of actual data may vary slightly among constituents.
(4) Oklahoma Water Resources Board, Effects of Acid Mine Discharge on the Surface Water Resources In the Tar Creek Area Ottawa County, Oklahoma, March 1983
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APPENDIX C

PHYTOTOXICITY DATA



P h y t o t o x i c i t y of total lead in so i l s .

..... — ...... ... —————— _,u
Concentration Soil

Soil Tvoe loom) oH

Drummer Silt Loam
Mjoreh Slley Clav Loan
HJorth Sllty Clay loan
HJotth Sllty Clay Loam
Mjorth Sllty Clay Loam
MJorth Sllty Clay.Loara_ _
II jot th Sllty Clay Loan
Yolo Loam
Yolo Loam
Yolo Loam
Yolo Loam
Oytchleys Brown Earth
Weald Pack Broun Jarth
weald Park Broun Earth
Heald Park Broun Earth
Heald Park Broun Earth
Uaald Park Broun Satth

Oytchleys Broun Earth
Heald Park Broun Earth
Heald Park Broun Earth

Panton Fin* Sandy Loam
Paxton fin* Sandy Loan
Herrlmac Ftna Sandy Loam

BloomMold Loamy Sand

1499 (Calcl 5.9
1000 .8
1000
1000
1000

_1»M... _
1000
1030
1090
1000
1000
1009
1009
1090
leoo
1009•1B9J

590
594
599
499
499
400
259
259
250
259
J!0

.8

.8

.9
_ g _ ^_^_

.8

. 0

.0
7.8
8.5
NB
NR
MR
MR
NR
NR

NR
NR
NR

4.5-6.4
4.5-6.4

6.9
6.9
1.9

Chemical
Form

Apolied

Pb »celate
PbClj
Pb ((103)2
pbco}
PbC!2
PblNOjtj— --
PbCOj
Pn(NOj) j
Pb(IIOj) j
Pb(IIO)) j
Pb(NOj) 2
PbClj
PbO
PbCOj
PbS04
PbClj
PbClj/PbO

PbClj
PbClj
PbCl2/PbO

Pb(HOj)2
PblHOj) 2
Pb(HOj) 2
Pb(HOj) 2
PbCl,

Tvoe o( Enoerlnent

Field
Gce«nhouse/So| 1 Poll
Greenhoufe/Sol 1 pott
Greenhouse/Soil Potfl
Greeniiouie/Soi 1 poti

"Greenhouse'/SoTI ~"Pot"t~~
Greenhouse/Soil Pots
Greenhouse/Soil Potf
Greenhouse/Sol 1
Greenhouse/Soil
Greenhouse/Sol 1

Greenhouse/So 11
Greenhouse/So 1 1
Greenhouse/Sol 1
Greenhouse/Sol 1
Greenhouse/Sol 1

Greenhoux^Sol I
Greenhouse/Sol 1
Greenhouse/Soil

Greenhouse/So 11
Crcenhouic/Sel 1
Gr ttnhoute/Sol 1
Gr*»nhout«/Soll
Gre«nhouta/_Sol 1

Plant Sp«cl«f/
Part

Corn/Stovet -Grain
Ltttuct/Lcal
L«ttuc*/Lea[
Lettuce/leaf
Oatf/Topf_ __

~Oa*ti/topi
Oatf/Topi
Bar lev/Ton

Pots Barliy/Topt
Potf Bar ley/Topi
Potf Barley/Topi
Poti Oati/Rooti
Potf
Potf
Potf
Poti
Potf

_?0ti __
Poti
Potf

Potf
Potf
Potf
Poti
Poti

Wheat/Boon
Wheat/Root!
Wheat/Root!
Wheat Rooti
Radlah/Rooti

Oat/Rootl
Wheat/Rooti
Radtih/Rootl
Oatl
Lettuce
Clover
Ryefran/Topi
Oatl/Seed
AllaUa/TopI
AltaUa/Topi
Carn/Shaotl

Hazard Significance
Reioonie Level

No Etfect MR
1J.S 1 »R .»i
JS.O 1 YB
17.1 1 TR

NO Effect
No Effect
JJ.J \ IR
17.3 1 IR
1.9 1 Yd (M.S.I
No Effect
42.9 1 TR
(.7 1 Yd (U.S.)
11. 8 1 TR
7.4 1 YR IN. S.I
J3.? t «R
19.8 1 IR

36.8 1 »R
14.8 1 fR
4.6 t YB (N.S.)
No YB
No TR
No TR
No TR
No IR
17.9 « IR (N.S.I
(.7 « ID (M.S.I
41.7 1 »R

.9!

.95

.85- -

.85

.95

.95

.95

.95

.95

.11

.95

.95

.95

.91

.91

.91

.91

.95

.91 •

.91

.91

.91

.81

Reference

Baumhatdt and Welch (19771
John and Van Laerhoven 11971)
John and Van Laerhoven (19711
John end Van Lieihaven i l S J J i
John- and~Van~~Laerhoven~( 1 9721
John and Van Laertioven (19721
John and Van Laerhaven (19711
Patel et al. (1977)
Patel et al. (19771
Patel et al . (1977)
Patel et al. (1977)
Khan and Frankland (1981)
Khan and Frankland (19>4| ^m
Khan and Frankland (19(4) ^H
Khan and Frankland (1984) ^B
Khan and Frankland (19841

Khan and Frankland (1984)
Khan an<Tf'ranVland |I9B<>
Khan and Frankland (1984)
Pruvel (1977)
Proves (19771
Pruvei (1977)

Alllnson and Otlaco (19811
. Taylor and Alllnion 119811

Taylor and Mllnson (19811
Miller ee al. (1977)



Phytptpxicity of total lead in soils, continued.

Soil
_ .. _ _ Concentration—

Soil Tvoe loom)

Light Teitured
Chester Silt Loan
Cheater Silt Loan
Cheater Silt Loaa
Chester Silt Loan
Sengo Silt
Light Teitured
Light Teitured

Light Tettured

Bloom! lel< Loany Sand
Light Teitured
Chester Silt Loaa
Cheater Silt Loaa
Chester Silt Loan
Oxbow Loam

Oibow loan
Waltvllle Loan

Asqulth Fine Sandy Loaa

Atqulth Fine Sandy Loan

Dytchleys Brown Earth

Oihow Loan
Naltvllle Lo.e
Atqulth Fine Sandy Loan

214
212
212
212
212
1 86us
1 5*5

155

IJS
117
11)
11)
11J
199

199
199

19S

19*

199

9
1
«

DH

5. -8.1
5.2
77}
5.2
7. J
5.S

S.-t.l
5. -1.1

5 . -9 . 1

(.9
5. -D.I

5.2
7.1

5.1-T. 2
7.7

7.7
6. J

S . 6

6.6

HR

7.7
6 . J
6.6

— Form — - — —
Aoolled

Sludge
PbCl j
PbCl j
PbCl j
PbCl 2
Sludge
Sludge
Sludge

Sludge

PbClj
Sludge
PbCl |
PbCl]
PbCl i
PbCl]

rbCI ]
PbCl]

PbCl j

PbCl}

PbCl 2

None
Mo»«
Hone

Tvoe of Etoerlment

Field
Greenhouse/Soil

• Greenhouse/Soil
Creenh olive/Sol!
Greenhouse/Sdll
Field
field
field

Field

Greenhouse/ Soil
Field-
Gr eenhouae/Sol 1
Greenhouto/Sol 1
Greenhouse/Soil
Greenhouse/Soil

Greenhouse/Sol 1
Greenhouse/Soil

Gr eenhouae/Sol 1

Greenhouse/Sol 1

Greenhouse/Sol 1

Field
Field
Field

Pott
Pott
Fact
Pot 9

Pott

Pott
Pott
Pott
Pott

Pott
Pott

roti
Pott

Pott

Plant Specie*/
Part

Spring Greena
Cotn/Topt
Rl lelf a/Topa
Altai fa/Topi
Alfalfa/Tops
Corn/Cr a In
potato (Tuber)
Sweet Corn
(Edible POR)

Lettuce
(Edible POR)

Corn/Shoots
Cabbage
Corn/Tope
Corn/Tops
Alfalfa/Topi
Bronegraaa/Topa

AKalta/Topa
Alfalfa/Tops

Alfalfa/Topi
_

Bronegratt/Topa

Oatt/Root9

HR
HR
NR

llarard Significance • • •
Resoontt Level ReEetenee

Satisfactory Ilelde NA
2.1 1 TR IN.S.) -95
11. 1 t TR (N.S.I .91
2.« I IP (N.S.I .9}

17.5 1 field Increase .95
Ho TR .91
Satisfactory Tleldt NA

Satisfactory Tlelda NA

Satltfactory Tleldt NA
13.5 « TR IN. S.I 9.91

Satltfactory Held! NA
lil » Tleld Increase .91
1}.I t IR (N.S.) .91
No Effect .91
7.9~» »R fron

29 pp" (N.S.I -9J
24.51 TR fron 29 ppn .95
9.99 1 TR fron

29 ppo IN. S.I .9.95
19.7 t TR from

26 pp«i (N.S.) 9.91
17.1 1 Held Increase

76 ppn (N.S.) 9.91
15.9 \ 1C (K.S.I 9.91

Background NA
Background NA
Background NA

Shambley and Onwln (Mil)
Lagerwertt et al . (1971)
Lagerwerft et al. (IMJt
Lagerverff et al . 1197))
Lagerwerft et al. lltjal̂ k
Glordano et al. (19Ĥ B̂
Chunbley and Unwln |1)*9F

Chumbley and Unwln (1912)

Chumbley and Unwln (19921
Millet et al. (1977)
Chunbley and Unwln (Mil)
Lagec etff et al. |I97)|
Lager erlf et al . |I97)|
Lager erff et al . I197J)

Karen not et al. (1*751
Karan no* el al. I197S) .

Karananot .et al. 11971)

Karaaanot et al. (197«)

Raramanos et al. II97()
Khan and Franklind ~II5f1T

Karananot et al. 119711^
Racananot et al . l)97f̂ B
Katananot et al. (197Î Ĥ



P h y t o t o x i c l t y of tota l z inc in so i l s .

———soTI———
Concentrat ion

Chemical
Form

appl iedSoil Type
Soil

OH Type ot Enpe t ln tn t
Plant Special/

Part______
Hazard

Response
Slgnl(Icance

Level Reference
Hartsells Fine Sandy Loan
Hartsells Fine Sandy_Loam
Ha'tselis Fine Sandy Loan
Jiartsells Fine Sandy Loan
ponlno Silt Loan
QQmlpo SUt "rgan
Redding Fine Sandy Loan
Reddjng Ffne Sandy Loam
Blount Silt Loam
Blount Silt Loam
Redding Fine Sandy Loam
Sassafras Silt Loan
Poeonoke Silt Loam
Shano Silt Loam 15-30 cm
Shano Silt Loan 15-39 cm
Shano Silt Loam 15-39 en
Shano Silt Loan 15-39 cm
Shano Silt Loan 15-39 cm

Shano Silt Loam 15-39 en
Shano Silt Loam 15-30 cm
Sassafras Silt Loan
Poeomoke Silt Loan
Doml no Silt Loam
Domino Silt Loam
Redding Fine Sandy Loam
Redding Fine Sandy Loam
Lakeland Sand

Shano Silt Loam 15-30 en
Shano Silt loam 15-3P cm

Pocomoke Silt Loam
Hartsells Fine Sandy Loam
Hartsells Fine Sandy Loam

• Haftsetls Fine Sah'dv Loan
Haitsells Fine Sandy Loam
Hartsells Fine Sandy Loan
Shano S i l t 'Loam 15-39 cm
Shano Silt Loan 15-30 cm

960
969.

— Re. .. ...
960.

— 66T ——
660
669
668

Til ——
606
599
S24
524

>509
>5«0
>50fl
S08
599 '

409
400
393
393
340
340
3<0
340
300

J08
309
262
252
140

240
240
240
209
200

5.5
——— STfl-

__ ™t$..5-

7.S
7.5
5.7

7.4
7.4
5.7
6.3
6.3
7.0
7.B
7.0
7.9
7.0

7. 1
7. 1
6.3
6. 3
7.5
7.5
5.7
5.7
"*
7.3
7. 3
6. 3
6. 3
5.?
5.5
C- . '.'

7.9

ZnS04
ZnSOj

_. -ZnSOi — - — —
ZnSO.
ZnSO(/Sludge
ZnSOt/Sludqe
tnSO, /Sludge
ZnSOi/Sludge
Sludge
Sludge
Sludge/ZnSO4

. ZnSO« 71120
ZnSO4 7tl]O
Zn(NOj)j 6MjO
ZnlNOjIj «MjO
Zn (IIOj ) 2 6HjO
Zn(MOj|j 6lljO
Zn IKO j ) 2 6H2O

Zn (MO) 1 j 611 jO
tn(HOj)] tlljO
ZnSOi 7H>O
ZnSO« 7II]O
ZnSOf/Sludge
ZnSO(/Sludge

:nSO|/Sludge
mso,
Zn(MOjl2 6H}0
:ri|t.-0j)j 6HjO
ZnSO< 7H;O
ZnSO< 7II2O
51 udoe

InSOi

In (rlOjl 2 6I')O
InlMOjIj 6MjO

Gre'nhouso/Sol 1 Pots
Greenhouse Sol! Pots

— Greenho*tso/Soi-l~ pots*
Creenhoune/Sol 1 pots

Corn/roragt
Coin/Forage

-Corn/Forage
Com/Forage

Greenhouse/Soil Pota Whejl/Gteln
Gceenhouse^Sol 1 Pots
Greenhouse/Soil Pots
Greenhouse/Soil Pots
Field
Field
Gteenhouse/Sol 1 Pots
Greenhouse/Soil Pots
Greenhouse/Soil Pots
Greenhouse/Soil ots
Greenhouse/Sol 1 ots
Greenhouse/Soil ots
Greenhouse/Soil ots
Greenhouse/Soil ots

Greenhouse/Soil pots
Greenhouse/Soil Pots
Gteenhouse/Sol 1 Pots

. Greenhouse/Soil Pots
Greenhouse/Soil Pots
Gre«nhoiise/Sol 1 Pots
Greenhouse/Soil Pots
Greenhouse/Soil Pots
Greenhnuse/Sol 1 pots

G(?*nhouse/Sol 1 Pots .

Gte-nhouse/Sol 1 pots
Gt ̂ enhouse/Sol 1 Pots
Gtnenhouse/Sol 1 PntS
Gr eenhbme/So 1 1 Pots
Gt e*nhouse/Sol 1 Pots
Gt eonhoiise/So 1 1 Pots
Greenhouse/Sol 1 Pots
Gtr«nho<iS(>/Sol 1 Pots
G[«cnhouse/So 1 I Pots

I.etttice/Tops
Wheat/Grain
Lettuce/Tops
Corn/Stover
Corn/Grain
Uheat/Graln
Soybeans/Leaf
Soybeans/Leaf
Pea/Tops
Clo»er/Tops
Potato/Tops
Tomato/Tops
lettuce/Tops

Alfalfa/Tops
Field Corn/Tops
Soybeans/Leaf '
Soybeans/Leaf
Wheat/Grain ' •
Lettuce/Tops
Wheat/Grain
Lettuce/Tops
Slash Pine Seedling/
Shoots

wheat/Tops
Sweet Corn/Tops
Soybeans
Soybeans
Corn/Forage
Corn/forage
Corn/Forage
Corn/Forage
Cotn/Foraija
OarUy/Tops
Sorghum/Tops

98.1 t TR
96.7 1 TR
96.7 t IR
86.7 t TR
75 1 TR
S3 1 TR
17 t TR
81 » TR
Ho TR
NO TR
IS t IR
71.4 1 TR
16.1 1 TR
8 t TR
9 t IP
8 1 TR
16 t IR
11 t TR

17 t TR
16 t.TR
33.3 .\ IK
IS. 9 t TR
19 t TR
11 \ TR
12 1 TR
SS 1 TR

«9.« 1 TH
18 1 TR
31 « IR
10.3 » TR
27.1 \ TR
Yi**ld Increase
49.1 1 TR
35.0 t TR
8.3 » TR
5.0 t IR
16 1 TR
30 t TR

lift
HR '
Mil
MR

HR
II R
HR
8. OSo.os
0.8S
HR
HR
o.es -
0.8S
o.os
o.oso.os

oios
HR
HA
HR
HR
NR
HR

HR
8.8S
8.8S
HR
HR
HR
HR
II R

«R
O.OS
o.os

Mortvedt and Clordano l|97«)
hortvedt and Glotdano- (19 75 ) -
Hortvedt and Clordano 11975)
Motived I ana ntoideno (19751
Mltchelt ek a\: IIJ7SI ".
Mltchell ot al. (1978)
MUchell et al. (1978)
flltcnell et .1. 119791
Hlnesly et al. (19811
Hlnesly et al. (1981) ^^
Hltchell et al. (1976) ^̂ fc
white and Chanov iieflai^^^P
White and chancy (1989)
Boaun and Rasmussen 1)971)

Boaun and Rasmusten (1971)
Boawn and Rasmuaten (1971)
White and Chaney (I960)
White and Chaney 11980)
Hltchell et al . (1976)
Mltchell et al. (1979)
MUchell et al . (1978)
Hltchell et al. (1978)

Vaoleat and Smith J1971)
Boawn and Rasmusscn (1971)
Boawn and Rasnussen 11971)
White and Chaney (1988)
Unite and Chaney (I960)
Hortvedt and Glotdano (1973)
Mort«edt and Glordano 11975)
nort»edt and dtotdano (19751

.fortfedt and Glordano 11̂ ^̂ ^

Boawn and Rasnussen I197̂ F̂



Phytotoxiclty of total zinc in soils, continued.

Co
Soil TVDC

,8<ii<fr>f Silt Lo*n
Sasief tit SI 1 t Lo»« —
rocomoke Silt Loam
Pocomoke Silt Loan ..
Domino Silt Loam
Domino Silt Loam
Redding Fine Sandy Loin
fteddln; Fine Sandy Loan

ocomoke Silt Loan
ocomoke Silt Loam
eddlng Fine Sandy Loam
omlno Silt Loam
omlno Silt Loam
eddlng Fine Sandy Loan
eddlng Fine Sandy Loam

Pocpmoke Silt Loan
16 Hlnn. surf ce Sollt
llarttellt Fin Sandy Loam
Harttellt Fin Sandy Loam
Narttelli Fin Sandy Loan
Hatttellt Fin Sandy Loan
Hartiellt Fin Sandy Loam
Lakeland Sand

Domino Silt Loam
Domino Silt Loan
Redding Fine Sandy Loam
Redding Fine Sandy Loam
16 Hlnn. Sol It Serlet -

All Depthi
16 Hlnn. Solll Parent

Material
16 nlnn. Suh«nli.

Chemical

(pom) pit ADO) ltd
!9«

196
196
180
189
180

131
131
131
1)1
1)0
190
100
100
109
65
65
65
65
60
60
60
60
60
61
60

60
60
60
60

5<

SI
•*

5.
— - — " - - *•;•

5.
6.
7.
7.
S.
5.
5.
6.
5.
6.
S.
7.
7.
S.
5.
S.

•5.
6.

5.3-
5.
5.
6.
6.
7.
IIP

7.
7.
5.
5.

5.3-

5. 3-
S. 1-

5

5
3
5
5
7
7
S

5
3
7
S
S
7
7
S
3
5
3
e.j
5
S
0
5
9

5
5
7
7

nSOi 7!!20
nS84 —— 71126 ——
nSO| 7lljO
nS04 7lljO
nSO4/Slud9e
nS04/S 1 udge
nS04/Sludge
nSO4/Sludge

nSO4 71120
nS04 7MjO
ludge/tnSO4
nSO4/Slud9e
nS04/Sludge
nS04/Sl udge
nS04/Sludge

nS04 7lljO
one
1 udge
nS04
nSO4
nS04
nS04
nSO4

nSOj/Sludge
nS04/Sludge
nS04/Sludge
nSOt/Sludge

O.I None

9.1 None
B.I Hone

Yvoe of Cioeclment
Creenhoute/Sol i
Cr enhoute/Soll
Gr enhoute/Soll
Cr enhouie/Soll
Gr enhoute/Sol 1
Gl enhoute/Soll
Cr cnhoute/Sol t
Gr enhoute/Soll

Greenhoui e/Sol 1
Greenhoute/Soll
Creenhoute/Sol 1
Greenhoute/Soll
Greenhoute/Soll
Greenhouse/Sol 1
Greenhoute/Sol 1

Creenhoutg/Sol 1
ruid
Greenhoute/Sol 1
Greenhoute/Sol 1
Creenhoute/Sol 1

• Greenhoute/So! 1
Greenhoute/Sol 1
Greenhoute/So 11

Greenhoute/Sol 1
Greenhoute/Sol 1
Creenhoute/Sol 1
Creenhoute/Sol 1

Field

Field
Field

Pott
Pott
pott
Pott
Pott
Pott
Pott
Pott

Pott
Pott
Pott
Pott
pott
Pott
pott

pott

Pott
Pott
Pott
pott
Pott
Pott

Pott
Pott
Pott
Pott

Plant Speciet/ naiero noniricanee
Pact Retoonte Level Reference

Soybeant/Leaf
ioybeant/Lea(
Soybeani/Leaf
Scybeant/Leaf
Wheat/Grain
Le t tuce/Topt
Wheat/Craln
Lettuce/Topi

Soybeant/Leat
Soybeani/Leaf
Lettuce/Shooti
Wheat/Craln
Lettuce/T3p>
Wheat/Gtaln
Lettuce/Topi

Soybeant/Leaf
NR
Corn/For age
Corn/Forage
Corn/Forage
Corn/Forage
Corn/Fotac*
Sltlh Pine SeecMfn<;i/
Shoot!

Wheat/Gca !n
Lettuce/Topt
It'heat/Gra'.n
Lettuce/Toot

NR

NR
NX

11. « » Y» .
1.6 4 VR
6.1 t YR
13.1 1 YR
11 t YR
NO YR
9 t YR
31 1 YR
II. 1 1 YR

10. t » YR
0.7 t YR
15 1 YR
14 1 IP.
4 \ Yield Inccote
3 « YR
1) \ YR

10.3 1 YR
Background
Yield Increate
No YR
5 « YR
Yield Increate
Yield Increate

42.9 t YR
6 t YR
10 t Yield Increate
6 1 Yield Increaic
I \ in

Background

Background
Background

-NR
• 'KB'™ '

NR
NR
NR

II R
NR
NR

NR
NR
0.05
NR
NR
NR
NM

uo
NR
NA
NR
NR
NR
NR
NR

II R
NR
NP
NR
NR

NR

Nil
NR

White and Chanev -11910)
White' and Chaney (1910)
White and Chaney (1910)
white and Chaney (1910)
Hltchell et al. (1971)
Hltchell et al. (1971)
Nltchell et al. 11971)
Hltchell et al. (19711
White and Chaney (1910) ̂

Vhlte and Chaney (1910) V
White and Chaney (19(0)
Hltchell et al. (19711
Ml ten. 11 et al. (1971)
Hltchell et al. (1971)
Nltchell et al. (1971)
Hltchell et al. (1971)

White and Chaney (1910)
Pierce et I . 11913)
P.ortvedt a d Glordano (197
Hortvedt a d Glordano (197
Hortvedt a d Glordano (197
h.ortvedt a d Glordano (197
Korfedt and Glordano (197

VanLear and Smith, (1972)
" Hlteheti et al. (19711
.litehell et al. (1971)
Hltehell et al. (1971)
Nltchell et al. 119761

Pierce et al. I19«l|

Pierce et al . (1911)
Pierce et al. (1912) ^



phytotoxicity of total zinc in soils, continued.

Soli Tvc»

1] Laden Fine Sandy Loam

Domino Silt loan
Domino Silt Loam
Redding rlne Sandy Loan
Redding Fins Sandy Loam
Leon Fine Sand

Sassafras Silt Loam
pocomoke Silt Loam
Lakeland Sand

Lakeland Sand

"ToTI
Concent r a t Ion

loom)

41. J

49
49
49
49
37.5

33
33
39

39

Soil.
DH

NR

7.5
7.5
5.7
5.7
NR

5.5
5.S
NR

h'R

Chemical
form

ADD! led

Hone

inSO4/Sludge
ZnSO|/sludge
ZnSO^/Sludge
ZnSO</Sludge
Hone

ZnSO< JlljO
ZnSO, 7HjO
ZnSO4

None

Tvoe of taoerlnent

Greenhouse/Soil Pots

Greenhouse/Sol 1
Greenhouse/Sol 1
Gieenhouse/Sol 1
Gctentioute/Sol 1
Greenhouse/So 1 1

Gfeenl>ousc/Sol I
Gieenliouse/Sol 1

ots
ots
ots
ots
ots

ots
ots

Greenhouse/Sol 1 Pots

Plant Species/ Haiard
Part Response

Slash Pine Seedlings/
Shoots

Wheat/Grain
lettoce/Top»
Wheat/Grain
lettuce/Tops
Slash Pine Seedlings/

Shoots

Soybeans/Lea f

ackground
t TR
\ TR
1 IR

0 TR

ackground
.7 » Held
.5 1 TR

Slash Pine Seedlings/
Shoots 11.1 \ TR

Slash Pine Seedlings/
Shoots ' Background

Significance
Level

II R
HR
HR
NR
Nil

HR
Increase HR

MR

HR

HR

• • Reference ^k

Vsnlear and Smith 119711
Mttchell et al. (1971)
Hltchell et al. '(1971)
Hltchell et al. |I97«|
Hltchell et al. (1979)

Vanleur and Smith (1972)
White and Chaney 11910)
White and Chaney (19I9|

VanLear and Smith'11971)

VanLear and Smith (1971)



P h y t o t o x i c i t y of total cadmium in soi ls .

loll Tvnt
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?t*c(l*ac rln* S.lnJy lojra
nanl^c rlii* s»»Jy lo«

Pailon rln* Sandy Loa*
Hotrl*«e rl».| Sandy Loam
Pailon rlna Sandy Loan

M*lll*ac rln* Sandy Lna*

Haaalvood silt Loa
Hiiclvood Silt Loa
Nattlvood Silt Loa
if.r.lu>>nd lilt Lna

_Hal*l<nod Silt lo*
Hatalwood jilt loa

' Hatalwood slit Loa
Ti.t.I-oo3 illt Loa

llai*l«ood Si l t loa
.TBaltlmoa IlliJloa _____
jjatalxood .tilt Loa

Domino Silt loa*
Donlno Silt loa*
Donlno S i l t loa*
Don 1 no .tilt loa*

pom 1 no Illt loa*
Donlno Si l t Loa*
Dowlno illt Loa*
Madding rlna Sandy Loa*
Matllpac rin* Sandy loa*
Haill*ac rln* Sandy Loa*

'H«l(l*»c rln* Sandy loa*

Plalnf la ld il/ind

Harango s l l t y Clay loaa

W*ald Park tro»n f..»rth
•li.ald Pail Itro-n Earth

Miald park Brown Cat th

Wajld Park Orovn tar th
uytcniay* Brovn earth

Domino Si l t l.oam
Donlno S i l t l.oa*
Uowlnd S i l t Lo.t*
Do*lno Illt r.n.i*
Doilno Illt l.o.i.
On.lno .tilt loa*

Soil Chanlcal

nil .-.pnllad

T»TJ~ ~~7.i-:.i r. imi i-.'CJ!."!
113 (.I Cd li:(l,|, (MjU
1SS 1 •' C'I|:IOHI "'I"
ISI 1.1 CdIO«
ISO (.9 CdlOi '

103
110
!»• i
Itt 1
151
HI
too
lot :
lot

-HI. !
109. J
lit 1.1
lit 1
119 1.1
Id 1.)
1(0 1
lit
lit :

.1 C.lS'Ji

.1 CdiO,

.1 CdCIl.i c.ici;

.1 CdCI]

.1 CdCIi

.1 CdCIi

.1 CdCIl

. t CdC 1 f

.1 CdCIi
~T ——— rSFTJ ———————
.1 CdCIi

.S Hudg*/CdiU4
-1.1 Slu<ig*/CdSO<
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.1 Sludn./CdSO,
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.S Sludg*/CdIOj
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US I.I CdlHOjI j lll]0

1)1 (.9 C'lSO,
US C9 OISO,
US 1.9 CJSO,

III «.1 <MSO«

mo. i i.i cacij
100 C.I CdCIlI" 1..1 CdCti
100 HP. Cll 0
ln» sn c.lco,
1011 IIU CilSO.
tot ^ n CdC 1 i
lOt HP. CHCI.
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IK I.S
19 1
111 1

I' 1
to >

a CJCI>

-1.1 Slodif/CrtSO)

.'. SI""I'I»/CHSO4

Tvnj nt r.apni Ifftint

r.r 4<fnhoua*/noll Pnt«
r.io«nhoiiii«/3i)l | pot*

Plant Itpocl**/
Mil

If Ici/liinln

Allalla/tor«
- Ind tuning

Ccoonhouna/lol 1 f.il« allalla/lop*

rjr «tnhou**/Sol 1 Pol*

(Iltl5houn/3njl_riltl
Cia.nhou.o/Joll poll
<itttnhou(fZIoJ.l_tlt> —

Cr*anhoua>/I.<ll Poll
n>..nhnu. ./•_!! »™t.

Cr<tcnhbus*/Sol 1 Pol*
— Cu<nhniJ««/tJo U_eo* i —
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<:<-«nh.,,.i«/toi l rot*
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• Ind cutting
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- Ind cutting

0»l*/Cialn
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•adl*h/Tub*ii
Paa*/Poda

__ fcULttlttd
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ill. If. /Toot
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Allalla/ToiM

•llalla/Topl
Allal la/Top*

• Ind cutting
Al fa l f a /Top*

- Ind cutt ing

Plant*
Wh>at/lop*.

Whtatynontl
tttaat/lloot *
uh*at/nooti
•<dllh/IOOt*

O.tl/Kooll

tfMt* ClOVQI/TOp* '

All.illa/lop*

Hataid
•••oon**

IS * I*
U.l t IP. IH.S.I

Ti .9 I r*
it i IP.
(i.i i IP.
it.* i IP.
(1.4 1 » a.

• si.i i IP
10. 1 l IP. IH.S.I
ll.l t IP. IN. s.|
If. 4 l in
11.1 1 i>
II. I 1 II
tt.l 1 ra

11.1 1 .a
II. 1 1 «a
11.1 1 t«
IS 1 tn
IS 1 IP.
IS 1 1*
IS I va
II 1 vit
SI 1 I.

10 1 IP.
IS 1 1*
IS.I I 1* 1". S.I

SI.I 1 IP.

11. ( I IP.
11.* t IP
JI.I 1 IP.

Hortal l tv
11.0 1 IP.

U.f 1 I"
.5 1 in

ii.» i i>
ii.i i IP
41. i 1 IP
• i.i t IP.
1C 1 1 1H

IS 1 IP
SI 1 IP
4) \ IP.
10 1 IP.
11 1 VI

Significance •

KB
0.01

l.tl—— n ————
HP

MP
1.81
1.1}
1.01
t.ts
t . 11
• oj
O.tl

t.ti
o.ts
Nil
NP

Nil .
NP
HP.
HP.
NP
e.os
O.ll

*. «l
HI

HI

Nl

HP.
HI
Nl
tl. 01—— imn ———t.ti
*.ii
t.ti

HI
HI
ill
Nl
HI
Nl

Mlar.nc.

tlnght* at al. (II1SI
Taylor and .Illnao* Illlll

Tailor and Al Union lltlll
f*fT5i ana illliiiiWTITni ————
Tavlol and Allln.on Illlll

Tayloi and Al Union Illlll

Taylo> and Alllnton Illlll
John JHMt
John Illlll
John Illlll
John Illll
John Illll M

John 19111^
John 911
John 9111

ohn IMf
John Itll
Blngha* at al. Illlll
Blnghl* *l al. Illlll
Blngha* at al. IIIISI
•Ingha* *t al. IIIISI
• Ingha* at at. JUKI

'Blnqha* *t al . |I9!(1
•Ingha* *t al. 11911}

Hlteh.ll *t al. Illlll
Tayloi and Alllnnon Illlll

Tayloi and Al Union Illlll
———— fi>1oi anj alllnton TI»lir

Taylot ami Alllnaon Illlll

Tayloi and Alllnion Illlll

Tayloi and »llln<on Illlll

Mllaa an.l p..ikar Illlll
H.,M,I Ililti

Khan and riankland Illlll
———— Khan and rtanUmJ .linrr"

Khan and riankland II91M
• nan and rranlllneJ Hlt^T1™
Khan and riankland llfllt
Khan and rr<n»:»td IMMI

Dlngha* *t 1. IIIISI
Hlngh.* .1 1. U9KI
elnghao *t 1. IIDII
PJlngha* *t 1. Illlll
nlnghao nt 1. 1111*1 •
Rlngha* al 1. ItlKil



m
*gj
i'a:s
»«

c
•
it

S . 0

«

*"

n

M r
c rc -
"i

*~r: i
a>:i)3

:ri301:

•:i!
<t •

— ;• tl
s •'• a••>..*•
» »• \m• -.'<%"

?;;
S*
ft
«*
•

^

A

Z(ft

%1I£.»

A-:
T"
IS
*lt

XV

»«

r£i
"5"s

2 Ol^H
» 0 • •'"- tf - It
.* — * »l<
3 3 3 3 ;w a*d idj««.«°!j
rr:3!
« .* MIrs-«!»n * rt /*rq

*r- .-Hto o 01
V » »
• 10

w« M a c

*j

n <•» n rt!a. — • a aun e n rtl-aj-^-f
**
o>
vt
0

in n n ci

. 3 3 3 3

jo i o o

»iX XXX

JO-.CJX3 -ri-d
« t — 4 • » — —
* ^ » 9 «< •* »i«
1 -3 «„ « _l_
r-3 • 3 3 9 3|9- o -a o <o <4 M.^
& • a o — i—

M 3 M m\»

lrr.rrl: *i*
• — - *• Mt«t3 ?• •» rx x B •
' 0 9 33';?;2a n<w
•; i > o
» • XX

; 22
i a

9 u <^ v a • « c

*d ^

* M

r tMrtMrtr t rtrtc. - a — a a, a a
r i sner t r t r. n— A — a — — — —
«<d*«<O<M** MM

* <•
X Xrt rt
0. 1
M M
a o

nnnnnn ft o

i a o o a o o'a

X X X X X X X,X

. j _ _ _ _ r _ _ _ — _p
i^^^^hw^^^^^ ^ pl o o o o j o o o o o o o ! o

• 
W

h
e

e
l /T

o
p

* 
.

• 
S

o
yb

«
im

/T
u

p
«

• 
C

o
m

/K
e

f n
«
l 

1
5

• 
M

t.«
»

t/T
o

p
t 

J
«

.

»-:* •«
c a

* a x x «» n n » *

= * • X 3
» • — • •
a a 3 -a-a
7 74 7 3
— — 7 _ •

1 1« 1Z

J <•• «• *

•m

3 n M-* «* c r-x
• • o e a r o -
^ . ̂  . x • C9*
» * * 7 3 O * » ' * « i 4
v a * — •» - » • » • !
3V >* • •Q • X & 1l«
O » 3X3 -• X -H .*
0 X * -* * 0 MCH

» * C f * » ^ " O —

0 - 7 * 0 O A
» O -^ D *» O,
•• 0 • •

• — 7

t
V

•

k* M •**)* M .
•» *^ • «• O•

s •< a
4 8 f
• a

ox o * i: z =i -•»---•

;:?i5?i
» 3 J 9 <d « —
3 rfl -C 4 77i*
.III--"i1"--;

« 4 • — — &
^ i* m «* _ •»
• •«•«•«

*• *

i55| I
• ^ • M <•

•« «
• ••»

k.

,^
 

p
u

ts
 
P

l»
ll
u

|f
id

oc
 

P«
««

 
P

l°
!!

u
!«

l«
l

22
22

rt o

. 7. '7
O 'O

x,x.

1
1-'^ •»e 0

6o
ui

vx
jii~

Ti
on

ga
 —

—
 •

X
r

» *
* »

c •<
• B

z r.

at at

i i

• m
3 3o> o>
V *
• »

4 *

** Zi
• •]

3~ 3\

I ga, i

i i

• •

rt rt
3> O>rt n

n n

tc
n

h
o

u
«

«
y

e
c
n

h
e

u
i*/

3

• 
fl

o
o

d
s

S 
fr

u
|l
«

|0
 

q
6

o
o

t|
 

0
•1

0
0

4
S

»
»

*>
*f

>
|f

l 
*
|»

1
1

 
•

. •
m
X

• •

•< *
a a

i S «i • a

( 3 3 1

•

• •
IS.
m ••

»

•

2.3
M*»»a.-;•sin
rei:

»:i
•

w f

rt nss
-£•

at o o o olc• o a o oil
* 1 1 i 1!;
3 3 9 3 3*1;

•a o o o o ifl

Irrrrb
^~~~"f
"« i- r r- f» f

O O 3 O<<n « * » •
— • I • ••
M
^
0i

ssls::

|
n • M M MIa, — — — — j

trt e e e c 1t— ao. a. a.1

» o z<:
o • !<i M>.

• "*» :
3 —«
O C ^• o c
M O.C- — &;i

r
- » Mi*

f — £a -;
' * 1
1 H rôl
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Phytotoxicity of total cadmium in soils, continued.

————————————— Soil
Conetnt 1 at Ion Soil

J»ll Tvo» Inn"! nil
?ljlnfl«ld S..-.J 1.1.1 4.1

PlulnlUIJ Sand 10.1 4.1

riaintioid Sand IS. 3 ' 4.!

Plalnf l t ld land
Plalnlltld Sand

Plain, 1. Id land
Plalnflald Slnd

Dooln lilt loa*)
Ooo In lilt loao
Oooln lilt loao
Oo»ln Silt lojo
Oo In Sl|t loao
Fl na an Silt toao
n> in o S l l ty C lay toao
na tn o Illtr cliir Loao
lo ml
to oi
to ml
to •>•
Cl n»ll|l loio -15 co
Ci n«lllt loio -15 cm
Cl n.l lit lot -13 co
Ci nvll lt loa -13 co
Citnolllt loa -It e»
Gttnvll l t loa -15 Co
Gttnolllt tot rIS co
Cltnvlllt lot -15 C»
i;i«-i-»lll« 1.31 -15 CO
r;ien»llli lot -15 co
Ct*n»l lit loao -15 CO
Cltnvlllt lo*o -IS CO
Ctonvlt l i loam -IS eo
GI4O7lllt loan -13 co
fittnfHIt loan* -It co
Cttnvll l t lo.- -It co

Romona Sandy Lo •»
• oi»on* Sandy Lo «
Romona Samly Lo *>

Rowona Sandy loio
upland! Sand 0*13 co
Upland! Sand 0-13 c*
Pldtao Clay 0-13 co
Rldtiu Clay. 0-1! co
Htnnby Sandy loa* 0-|t em
Upland! Sand It-10 co
"-,\:-~- t:~i !5 - !2 --
rlattnijo S l l t y Clay Loao
Haitn-10 S i l t y Cl!»y l-o»«
ntlllnae rlno San.ly l.o."- •

0
0

0
0

0
0
1
0
I
0
0
0f

.

f

f

.

.

)
1

J

3.
3.
t.
5.

.

0
»
1
f

1)
0
1
0
1
1
•

.1

.1
R
.t
.3
.3
.3
.3
. 1

.7
O . I
I.I
I.I
I.I

.5

.5

.7

.1

.7

.1

.0

.1

. 7

.0

.0

. 4

.0

. 0

.0

.0

.0

.1

.7

.1

! i
. i
.1

"tneilcal ———— "
rot*

a.ppllt-4
CdCI,

C.IC 1 |

cac: ,
CdCI,
CdCI,

r.r.:f|
CdCI]

CdCI]

Sludgt/CdSOi

Sludgt/CdSO-
Sludgt/CdSOt
CdCI]
CdCI]
CdCI,
Sludgt
Slud-|<
Slucgt
Sludgt
CdCI,
CdCI,
r* tclp CdCI]
rt tclp CdCI)
Al tclp CdCI]
Al tclp CdCI,
nn telp CdCI]
Hn re Ip CdCI]
Caco • CdCI)
CaCOj • cdCI]
CdCI, • CaCO]
CdCI, . Cacri|

Sludgt
Sludgt -
Sludgt
CdCI,
ll»<lg«

S 1 udgt
CdCI ,
C.IC 1 ,

C'lCIl
C.IC 1 ,
CdCI,

C.ICI J
CdCI,
Cd|HO)|, 4H|O
CdlHOjl, IH,O

T«nt Of r-prrl.

Cltlnhoult/Sol 1
Clt«nhou!t/Sol 1
Gl t«nhou!t/Sol I

Ct ttnhou!t/Sol 1

Ci vtnhooio/Sol 1
Gtttl>hou!«/lol 1

rltld
mid
rltld
ruid
Glttnhou!t/Sol 1

Glttnhou!t/Sol 1

r.i t«nhou4t/Sol 1

Cl *tnho.n«/Sol 1
Gl unho.m/S o 1 1

Ctttnho.ilt/SO 1 1

Hi t«nhou-t/Sol 1
Clttnhoult/Sol 1
ClCCnhoutt /SOll

tnt

foil- <

t

POtl
Poll
POtl
POtl
Pot!

POtl
Mtil
POtl

roti

Poll

roti
POtl
Poll

POtl

Poll
Poll
Poll

P.ct

Shoot!
llttll Blutltto/

Shootl
nauuh iiiaiinf ii.f/

- --Shoot! —

Shootl

wt-id/Shooti
Oltl/ROOtI
Whltl Clovlt/Topl
Sudan Clltl/lopl
AiriKt/iopi
Bttoolt C<lll/Topt

Soybtan/Shootl

Soybta.nl/ToDl
Spllno Glttni/lltvt!
ttttuci/ltll
Swtt t Coin/Ctlln
Dtet Root/Tubtl
Ltttuco/topl

Lettuce/Topi •

littuct/lopi

tt t tuct/Topi
l.t ttuet/Tnnl

Bat ex-B*llor/Topi

I pi

whtat/topl
Soyhtant/Topl
Al lal la/lop!

"•t.td ilgulllctnct
«-ll|>onll< Loot

11.7 % r* XP.

II. 1 1 Til . MR

M.I > IR MR .
II. t 1 Hold Indian «*

11. t \ in IIH -

I.I 1 IP. : II"
n.l » m . •»•••II 1 »« «•II I 11 ««
II t III HR
« 1 IK "• '1 . l« J\,».) I III •••»
II. 1 1 III H«
4t.l 1 IP, Nil
•|itlirictoi|r ntidi-
'.Ittlidctoiy lltldi-
•Sit lil.ctoty Iltldi*
•Sitlilietoty Iltldi*

11. t »,|ll (ii. S.I
l.t t TR (N.S.I
II. t 1 1*
11.7 1 IR IN. s.l
It.l « IR
t.l t IR IN. s.l
II. « TR
It. 1 TR
11. < 1*
II. « III
11. 1 III
It. 1 II
tl. 1 Iltld Inert. ••
tt. 1 TR
tt. 1 Iltld Ineittlt
*.7 t in
It TK IM S.I

II Iltld lneili.lt
II Ilttd Incttait
5. 1 TR
I. 1 IR
0. t Iltld Ineitalt *
1. 1 II '
1. t TR '
11. t TR t
11. 1 TR 1
ii. 1 111 :
II. I in i
IS. 1 IR IN. S.I 1
IK. \ II <
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.05
.05
• •5
.05
.15
.05
.05
.15
.05
.05
.05
.05
.05
.os
.ot
.01
0
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.01

.01

.01
R

R
It
R

IP.
IR

R
O.

tt

.01
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Rtflltnct —————— i ——————————

miti i»d p.ittr lltrti
nlltl *nd Pillot lltltl

nun md ruin iniii . . . .

(Ill II and PaiStl ||07*|

Mlltl lnd Plllll lltlll
«h.n lnd n ntl.nd (Mill
llnghto ot 1. 11*1(1
llnghtm it 1. 11*1*1
Olnghio it 1. lltlll ' 1
(Inghao ot 1. (It'll . '
•Injhto it 1. (11)11
•090,111 tt 1. lltlll
rtaghlll 11*111
Mooliltl Ullll

Chu--blty tnd On-. In lltlll
Chuoblty and Unuln lltlll '
Churtlty tnd Unvln lltlll
llngh (Itlll
Slngh (Itlll
Slngh lltlll

Slngh (Mill
Slngh (Mill
Slngh lltlll
llngh lltlll
Slngh IIIIII
llngh lltlll
Slngh lltlll
Slngh lltlll
llngh mill
llngh mill
llngh (It'll
Slngh lltlll
pllcUan (It'll
Ch.ng >t it. lltlll
Ch.ng it al. lltlll

Chano tt al. lltlll
Ching tt il. lltlll •
nielian (It'll
Htcloin (It'll
naetun ll«'*l
tjctf.in lltlll

fiictiin i;»it«

Hl.jhlil |lftl)l
Taylni in.l AMInaon
TaylM nnJ Alllnnnn



JO 3 »

:!*?

r 3 Tf*ar

O
X

-<
o-n
rr
O
rf
01

n
0)a.

Ul
O

o

3

ILL



P h y t o t o x i c i t y of to ta l a r s e n i c in soi ls .

- ——————————— ioll

Soil Type (PP"I

Mageretown Sllty Clay Loan
Hagerstown Sllty Clay Loan
.Lakeland Loamy Sand.. .......
Lakeland Loamy Sand . _ _...'_
Burnt Fork Cobbly Loan

Hagerstown Sllty Clay Loam
Lakeland Loamy Sand.
Hagerstown Sllty Clay loam ~V

Plalndeld Sand
.Pialndeld Sand

Houston Black Clay

Weawood Black Clay
'•.renosa Fine Sand
•Avg. 1] Soils
Plalndeld Loamy Sand
Plalndeld Loamy Sand
Plalndeld Sand
Plalndeld Sand
Houston Black Clay
ueswood Silt Loan
Arenosa fine Sand
Col ton Loamy sand
Plalndeld Sand

Plalndeld Sand
Plalndeld Loamy Sand

Plalndeld Sand

Plalndeld Sand
Hagerstown Sllty Clay Loan
Lakeland Loamy $and
Hagerstown Sllty Clay Loan
Lakeland Loamy Sand

000
SOS " "
866- -
• CO ——
315

100
100
>0«

100
100

90

90
85
68

45.0
45.0
45
45
45
44
17

17
15

K.I

14.1
10
10
10
10

PH

5.5
5.5

.'..". .1 """

.1

.5

. 1

.5

.5

7.S

7. 7
4.7
IIR
NR
NR
J.

• 5.
7.
7.
4.
NR
5.5

5.5
NR

5.5

.5

.5

is
.1

Cheml cal

Aopl led

N.3I.A,0<
Ne 7)!* 50^
lUjMKBOt _...„. -..
N»jlUsO«
Smcl tet
Cnnt ami na'l i on

pa 2 "^ ' Of
Ma jlll* sO{

HaKsOj

A s jO \

A s 2O i
A s >Oj

l.'aAsOj
N'aAsO]

IIR
HaAsO]

llaAsO;
KR

llaAsO]

I'ajHAeOt

Type of F.>nerlment

Greenhouse/Sol 1
Greenhouse/Sol 1

......Greenhouse/Sol 1
Greenhouse/Sol 1

Field
Greenhouse/Soil
Gr eenhouse/5oi 1
Gr eenhouse/Sol 1

field
field

field Pots

field pots
field Pots
IIR
IIR
NR
flKlrf

field
field Pots

.field .Pots
field Pots
IIR
field

field
I.'R

field

field
Greenhouse/Sol 1
Gr eenhnuce/Soi 1
Gt ecnhouse/Sol 1
Greenhouse/Sol 1

Pols
"pots"
..Pots
Pols

Pots
Pots
.Pots
.Po.t s

pots
Pots
Pots
I'OtH

Plant Species/
Part

Oats/Shoots
Corn/Shoots

. Coin/Shoots ....
OatsVShoo't s

Coin/Shuots
Corn/Shoots
Corn/Shoot s'
Oats/Shoots
Oats/Shoots
Peas/Seeds
Potatoec/Tuberi

Bermuda Grass/Leaves
Bermuda Grass/Leaves
Corn
Potato
Sweet Corn
Pea a /Seed

Bermuda Grass/Leaves
Bermuda Grass/Leaves
Bl ueber ry
Peas/Seed

.Potatoes/Tuber

Peas/Seed

Potatoes/Tubers
Corn/Shoot s
Cor n/Slioo t s
Oats/Slioots
Oats/Shcota

Haiard significance
Response Level

100 t YR
90 1 TR
loo 1 in
100 -» TR

It » TR
4 1 TR (U.S.)
45 1 TR
91 \ TR
91 \ TR
9<.9 ( TR
75.1 t YR "

Slg. Growth Reduction
(SO l|

Growth prevented
Growth prevented
Level of ilg *R
Level of Slg TR
Level ot Slg TR
39.9 1 IB
17.1 1 TR
Slight TR 11* »
BJ 1 YR
NO TR
level o( Slg TR
1.1 1 Tleld Increase

IK. S.|
0.« 1 TR (N.S.)

15.0 1 Yield Increase
IN. S.|

1.7 \ TR IN. S.I
Yield Increase (H.S.I
3 t TR (N.S.I
11 t TR
t \ It

0.05
S..5
0.05
O.~05~ '

II R
0.05
0.05
«.OS
0.05
0.01
fl.Sl

HR
NR
HR
UK
HR
HR
0.10
0.10
IIR
NR
IIR
HR

0.10
0.10
NR

.10

.10

.05

.05

.05

.05

Reference

Uoolson et al. 119731
Moo Is on ef "al : (17711
Uoolson el 'at. U''1|'
uoolson et al. (1973)

Uoolson et al. (1911)
Hoolson et al. (19731
Uoalson et al. (1973)
Hoolson et al . (MM)
Uoolson et al. (1973)
Sceevens et al. (IJ7IJ
Steeveni el il;" (M77I" A

Heaver et al. (1914)
Weave; eV al . I1SII) '
Weaver et al. U5«l|'

Ualsh et al. (1977)
Ualsh et al . (1977)
Steevens et al. (19711
Steevens et al. (197II
Heaver et al. (19141
Ueavec et al. (19(4)
Heaver «"lt7""II»i«r'
Halsh et al. (1977)

S~teevens «t al . (1971)
Steevens et al. (19711
Ualsh et al. (1977)

Steevens et al. (1971)
Steevens et al. 119711
Uoolson et al . (1973)
Hoolson et al. (19731 A
Hoolson et al . (1973) 1



phytotoxIclty of total arsenic in soils, continued.

toll TVDt

—— ———————— ToTl ——————————————— CnemlcJl ————
Concentration toll. form

(pom) OH Ao9lltd

Houston Sleek Clay 1*
Haewood Silt to«i» 18
Arenoea fine Sand If
Helena Valley t
HA 5.
Weswood Slit toem }.
Houaton Pluck Clay 4.
Malnfleld Sand ).
Arenoea fine Sand 1.
HR 1.

K

7.« A«j0j
7.7 »»?0j
«.7 »SjOj
HR Hon«
MB HR
7.7 Hone
7.6 Hone
5.S Hone
<.7 Hone

)J « «.J
it Kel;ht HR Hone

TYPt ef

field
Field
field
Held
field
field
field
field
field

field

Eapet Imtnt

rota
Pot i
rota

riant Iptelaa/
»ati

Betnuda Ccaat/l.eavea
Bermuda Craas/Leave*
Becnuda Ctaaa/Laavea
ll»
II »
HX
HA .
HA
HA

Veqetablea

Haiacd .
Haaponaa

No TR
Ho 1R
Ho TR
Baek9tound
Background
Background
Background
Background
Background

Background

• Significance,
tavtl

HR
HR
HR
HA
HA
HA
HA
HA
HA

HA

Reference

Weaver et al. (IM4I
Heaver tt at. HIM)
Heaver et al . (19»«)
Nloch and Huffman tl»7JI
Sbacklettc and Boerngan I1»I4|

Steeveni et al. (ll'll
Heaver et al . 11*14)

Anderce^et al; (1978)


