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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 dbcreased 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) speciesd and/or their critical habitat. Chemicals of Concern (COCs) for the BS/T
subsites incluxd!e the following heavy metals associated with mine wastes and with base metal
ore deposits tlfat 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
ephemeral strezilms of southeast Kansas. T&E species are not included on the list of key

- receptors, as th:ey are given separate consideration.

|
|

Toxicil.jé Reference Values (TRVs) were calculated for each COC for both aquatic and
terrestrial rece};tors, A TRV is an exposure estimate that is not likely to result in chronic
adverse effectsto a given réceptor group. Typically, an ecological risk assessment assumes
that if the TRVis not exceeded, the species of interest will be protected (Suter ez 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.

B:\Ecorisk.Sum (03/24/93) -1-
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Field survey data and other information available in the scientific literature applicable
to the area wére 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 Eexceeds a concentration that may have a chronic effect on some test species
under a give:ni set of experimental conditions. In this sense, TQs greater than 1 are an
indication that& chi'onic adverse impacts to exposed individuals are possible. The goal of the
ERA is to evaiuate the effects of the COCs on exposed populations. Chronic adverse effects
to some indii\liiduals of a species may not result in measurable effects on populations.
Accordingly, tfhe procedure used to evaluate potential toxicity of the COCs to populations

inhabiting the subsites is deemed conservative.
|

?

RISKS TO AQUATIC RECEPTORS

Field data reveal that only marginal, intermittent aquatic habitat is available in on-site
streams. The z-;lvailability of habitat in the streams is limited naturally and anthropogenically,
primarily through the influence of mining and agriculture. Both subsites exhibit similar
hydrologic chairacteristics with ephemeral, first- or second-order streams with low gradients
channels. Duﬁng 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 cadrfnium and zinc, and to a lesser degree lead, to the surface water system.
Tailings and clhat can be eroded and washed into receiving channels were they occur as
streambed sediments. The surrounding agncultural 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. Channelization has also

eliminated instream pool habitat. Some of the tailings ponds offer stable habitat for fish, as
do tempo'rary' impoundménts constructed by landowners on Willow Creek. In these stream

segments, habitat has been artificially created. In general, where suitable stream habitat

t
B:\Ecorisk.Sum (03/24/93) -2-
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exists, a vaLﬁety 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 EPAi (Stephan er al., 1985) methodologies using Genus Mean Acute Values. The
TRVs calculat:ed represent concentrations of COCs at which chronic effects to the aquatic
organisms likély 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 tlhe potential for chronic effects to aquatic organisms. If the TQ based on the
arithmetic meém 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 frorp mine openings in the Bruger area to Willow Creek contains sufficient
concentrations!of metals to potentially cause short-term acutely toxic conditions, especially
with regard to;zinc. TQs for seven of the 10 subsite tailings and subsidence ponds sampled
indicated no piotential 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 resdlting from elevated zinc and cadmium concentrations could be occurring in
Spring Branch,: while chronic impacts resulting from elevated zinc concentrations could be
occurring in Te’lu 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 {streams in that the maximum zinc concentrations exceeded levels acutely toxic
to some of theimore 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

B:\Ecorisk.Sum (03/24/93) -3-
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observed zmc concentrations, field survey results suggest that species composition in these

two streams fnay 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 re:éeptors could be exposed to mine-related metals include: (1) inhalation of
fugitive dust; 5and (2) ingestion of soil, mine waste, vegetation, prey, and/or surface water.
Dose esﬁmatqs were calculated for key receptor species using the subsite surface water, soil,
and mouse/ﬁé;h 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 ])fotected. It is important to emphasize that no one ecological endpoint was used
as a single, Jigid standard; rather, both results of field surveys and the toxicity assessment

represent enclﬁomts were used in assessing potential effects due to metzals toxicity.
|

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 evaluatlion. Worst-case exposure is defined in this case as the highest exposure that
is reasonably t;:xpected to occur at a site. Since the worst-case scenario uses a combination
of conservative}l, (health-protective) assumptions and upper-bound (upper 95th percentile) data,
it is expected fo 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 teﬂd 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, {he 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

B:\Ecorisk.Sum (03/24/93) -4-



receptor orga;nisms collectively is of greater value than estimates of upper bound exposures
potentially affwﬁng 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 com"parison of mean concentrations of metals in near-pile soils to the median
concentrations% reported to be phytotoxic indicates that zinc concentrations may be marginally
phytotoxic, ii.é., may cause some reduction in crop yield. Agricultural soil mean
concentration 'i‘Qs 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 i)lants and effects on the non-agronomic plant species which grow in near-pile
soils are unknown.

t

No Federally-listed T&E species are known to occur within the Baxter Springs/Treece
subsites. Nine state-listed T&E species have designated critical habitat within the subsites
or have critical 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.
i
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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
Comprehensi'nfe Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act of 1986
(SARA), has ciesignated the Kansas portion of the Tri-State mining district (Kansas, Missouri,
and Oklahomzil) 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:

o AMAX, Inc.;

° Gold Fields American Corporation;
° ASARCO, Inc.;

o NL ;Industries, Inc.;

® Sun:fCompany, Inc.;

. Eaglie-Picher Industries, Inc.; and

¢ St. Joe Minerals Corporation.

CERCLA requires that actions selected to remedy hazardous waste be protective of

human health afld 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 er al., 1990). This ERA is an investigation of potential threats
to the environment from exposure to contaminants presént at the subsites. It identifies
potential exposure pathways from contaminants to environmental receptors inhabiting the
area, characterizes the toxicological 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
independentlyi neither method would likely provide a realistic nor complete risk
characterizati.o%n. This ERA cbmbines the two methods to balance each other and determine
if existing cox!gtamination of the subsites poses a hazard to key receptor populations and
threatened and endangered species and/or their critical habitat. Ecological impacts were
assessed usin,gi exposure-response data taken from the literature, cited below, in conjunction
with measured environmental concentration data. Both terrestrial and aquatic receptors and
habitats were ievaluated.  Guidance documents used to conduct this ERA include EPA’s
Framework fo% 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
Superfund, Vol;ume 11, Environmental Evaluation Manual (USEPA, 199c). Input by EPA
personnel was talso 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 data on exposure and
toxicity of metals and inéorporates scientific and professional judgment to estimate the

associated riski to the environment. Ecological risk assessment, the characterization of

potential adverse effects resulting from exposure to environmental contaminants, involves four

consecutive steps:

|

|
i
f
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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 rnagnitude 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 estim%ltes of risk. Since uncertainty analysis is considered an important component

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

Sectior';l 1.0 is an introduction and overview. Section 2.0 provides a description of the
terrestrial and|aquatic environment of the BS/T Subsites. Section 3.0 discusses the extent of
contamination;onsite. Section 4.0 describes the screening process used to select the COCs.
Section 5.0 del:tails the exposure assessment process, including selection of key ecological
receptors, deiscribes 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 ;ulncertain'ty associated with the risk assessment. Section 10.0 presents the risk
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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 also 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 mmung districts in the country. This district was known as the Picher mining field,
and was wntﬁred 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 groimd surface; in addition, over 100 open shafts, collapsed shafts, and subsidence

features are présent at the surface above the underground workings (McCauley ez al., 1983).

At one time, an estimated 75 million tons of coarse mill waste materials called chat,
were accumuleilted 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 ballasL 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 operationé 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.

i
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1.3 PHYSIOGRAFHY

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 & Ixiwre, 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 txx"o ephemeral streams, Willow Creek and Spring Branch, and numerous small
unnamed tribﬁtary drainages. Both creeks flow in an easterly direction across the subsite and
enter the Sp-ﬁng 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
within the sul:)site is primarily to the south with Tar Creek being the principal ephemeral
surface wateridrainage A smaller ephemeral branch, known as Tar Creck Tributary, joins
this creek near the site boundary; another small dramage Lytle Creek, flows south into
Oklahoma from the eastern portion of the subsite. Lytle Creek joins Tar Creek south of the
Oklahoma sta}e line and Tar Creek continues southward before entering the Neosho River
near Miami, Oklahoma. The Neosho River is the perennial surface water body potentially

affected by so\urce materials in the Treece subsite.

[
s

4

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 pomt in either subsite reaching an elevation of 970 feet above mean sea level.
The extreme eastem portions of the Baxter Springs subsne lies within the Springfield Plateau

section of the Ozark Plateau province characterized by hilly terrain with steep slopes and thin
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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.

t

2.1. LAND USE AND CLIMATE

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

I

Baxter
Springs | 1,000 6,800 440 60 2,580 10,880
Treece i 50 5,000 755 50 1,185 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.

i

l
i
Cultivated crops are primarily wheat and soybeans with some grain 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 primérily forfl"aising’livestock. and growing crops.
Both beef and dalry cattle are raised in this area. ,S(:)ils in croplands and pastures were

sampled as a part of the RI and were termed Agricultural soils.

Vegetated! non-agricultural areas (woodlands and bénomlands along streambeds) occupy

approximately 3,765 acres or 21 percent of the total subsite area. Soil samples collected in
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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) data 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 an average windspeed
of 4.2 meters per second (9.3 mph). Kansas has a climate typical of the continental interior
of North Am.e‘;rica 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 inche:s%of snow falls annually during the winter months (December through March).
During 1991, tihe year the site was investigated, approximately 32 inches of rainfall occurred

on the subsite:s".

!

(
Floods méy occur throughout the year in southeastern Kansas. However, the greatest

flood frequencﬂl is spring and summer during periods of potentially prolonged or torrential
|

rain. |

|
|
i
|
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2.2 CHARACTERISTICS OF MINE AND MILL WASTES
2.2.1 Mine Waste

In generial historical mining operations generated two broad categories of waste: mine
and mill wa,te Mine waste is rock excavated from shafts and mine workings, and as such,
most are cone-shaped piles of rock stacked near mine shafts. Most of the mine waste piles
inspected co,n§1st of large blocks of limestone and jasperoid (silicified limestone) which lack
vegetation amli provide little habitat for wildlife. Mine waste piles cover about 18 acres or

0.1 percent of the subsite acreage.

|
|

2.2.2 Mill 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. ll?lotation tailings are silt to fine sand-sized material derived from the froth
flotation millintg process. Flotation tailings have higher residual metal concentrations and are
finer grained than chat.

There are|an estimated 3.2 million yd® of chat remaining in the subsites (610,000 yd® in
the Baxter Springs subsite and 2,625,000 yd® in the Treece subsite). The larger accumulations
cover an estlmated 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.
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Fine-graiined 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, thie dikes impounding the tailings are intact and, in many instances, hold water
forming tem.p;orary ponds. These tailings are silt-like (fine-grained) and have a slow water
infiltration raie and a high water-holding capacity. The estimated 291,000 yd® of tailings
present in thxei1 Baxter Springs subsite cover about 80 acres, while the estimated 514,000 yd®

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

The largbr deposits of chat are generally unsuitable for plant growth due to their
insufficient o'rganic matter, nutrient, and near-surface moisture. Although many of the
excavated chaﬁ 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 testec‘l.i Soapberry (Yucca glauca var. mollis), which is representative of species that
typically occuf; in the revegetated strip-mined areas of southeastern Kansas (Stubbendieck ez
al. 1986), was|observed by Dames & Moore field personnel growing in association with well-
drained chat ptiles. The U.S. Bureau of Mines experimental test plot data for chat and the
subsite observe;nions of ngturally revege;ated excavated chat and tailings indicate the absence

of acutely phy?otoxic metal concentrations, at least for some species.
2.2.3 Soils Nt!:ar 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.
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Soils from obviously disturbed or affected areas that contained visible chat fragments
(and possibl‘.ez 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 ithat 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 subsitz and 380 acres in the
Treece subsiité. Thus, the total mine-related acreage shown in the land use table in Section
2.1 is made 5 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 subdivided into four general
topographic affiliations: 1) upland oak forest, 2) lowland maple forest, 3) floodplain
cottonwood-mixed 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). 2

t
2.3.1 Vege1tﬁtlon Types
i
General]f, the BS/T subsites are representative of the Cherokee County portion of the

Cherokee Prairie Region Much of the land in the Cherokee Prairie Region is used for crops
and pasture, but a mixture of scattered woodlots and npanan wooded areas remam (Newland
et al., 1964). Woodlands generally occur as irregular tracts and narrow bands located along
streams and m}ers 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 ;!)ﬁmadiy to serve as farmstead and feediot windbreaks and to minimize soil

erosion.
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Vegetation identification was conducted primarily in late March 1991, when shrubs and
vines were leé.ﬁng 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 extzsnsive review of site

vegetation.
2.3.2 Terrestrial Wildlife

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 and
around mine--rielated disturbance provide good diversity and abundance because these areas

have not beemisubjected to agricultural or urban development.

Terrestrial predators of interest in the vicinity of the subsites primarily include members
of the canid zui}d mustelid families and predatory birds. Species that could potentially occur
on site includle‘{ coyote, red fox, gray fox, badger, long-tailed weasel, mink, striped skunk,
bobcat, and :;f)otted skunk. In addition, raccoon could occur in the area, although it is
actually classiflled 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, iopossums, owls (species undetermined), and cottontail rabbits were observed

within the subs'ites.

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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B:\Ecosec2.fdl (03/24/93)



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 Cctober 1991 RI field
surveys. Raptors were northern harrier, sharp-shinned hawk, red-tailed hawk (including a
Harlan’s haw]k-color phase of red-tail), golden eagle, American kestrel, turkey vulture,
great-horned ;)wl, and barred owl. Other species expected to occur within the subsites
include Coopér’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 cbservations were of
year-round re:siidents, migrants, and winter visitors. A total of 43 species were documented
during the ﬁek;i surveys; eastern meadowlark and blue jay were the most commonly observed
species, followed by Carolina chickadee, cardinal, American robin, starling, and common (or
Northern) ﬂicl{cer.

|

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 southerh leopard frog and bullfrog were observed.
Three species of snakes were each observed in October 1991. These were the bullsnake,
plains garter snake, and rough green snake. Each of tt_;lese 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 watérsheds in the Baxter Springs subsite are tributary to the Spring River while
watersheds ix{ 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.

Historicélly, 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 p:il',es. With the exception of springs emanating from Mississippian limestone near
the mouths of :Willow Creck and Spring Branch (downstream of Highway 66), groundwater
does not appez’}r to play a major role in sustaining stream flow. While subsite streams do not
flow during dry periods [observed by Dames & Moore in August and September 1991 and
by Spruill (1?93D], limited areas of ponded water remain in stream channels. Stream flow
responds to seélsonal precipitation patterns and can increase by an order of magnitude during
rainfall events.'i 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 quaiity and to provide a source of leachable metals to surface waters.

2.4.1 Spring River Drainage

The Spring River is an interstéte perennial river that flows through southeastern Kansas

to Oklahoma a{‘nd forms the eastern boundary of the Baxter Springs subsite (Figure 1-1;
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Section 1.0).E 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 squafe miles. The average annual discharge between 1939 and 1990 of
the Spring Ri%ver 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 190,000 cfs was recorded
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 qﬁality in the Spring River is impacted, in general, by runoff from agricuitural
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 KDllHE water quality data for the Spring River show occasional exceedances of
Federal chroni!c Ambient Water Quality Criteria (AWQC) for cadmium, copper, iron, lead,
and zinc. Notw%vithstanding 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 ];Lke 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 Spring River system has historically received heavy metals input from mining

activities throughout southeastern Kansas. Ferrington er al., (1988) concluded that the
Spring River benthic invertebrate community within the' Empire Lake area has been affected

by the presence of elevated levels of metals in the river causing reductions in standing crop
i

2-10

B:\Ecosec2.fd1 (03/24/93)



densities and aquatic macroinvertebrates. Ferrington ez al., (1988) raviewed 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 shduld 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
in Kansas, Nlebraska, 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,CidO organisms per square meter. Ferrington e al. (1988) concluded that metals
have reduced standing crop densities of aquatic macroinvertebrates. The standing crop
density estimates for the Empire Lake study ranged from 173 to 822 organisms per square
meter. Speci?s 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 er al. (1988) stated, "Based upon an
analysis of thc;e abundance patterns of major taxonomic groups, it must be concluded that the
presence of hligh concentrations of metals in the sediments has not caused major shifts in

. | oyr
community composition. "

!

|

The KDIIIE (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 lo:a-u'iings from Short Creek and other majf)r tributaries (Figure 1-1), but the
contributions to the Spring River ﬁom Willow Creek and Spring Branch (less than 1 percent)
are small in comparison.

|
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The U§GS compiled available historic data for the upper Spring River basin (USGS,
1992). Shor%t 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 instantameious 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 Spring River basin. The
Short Creek gtation also maintained the highest median dissolved copper concentration (0.24
mg/L at Gal:ena). An almost total lack of benthic invertebrates at Center Creek (near
Smithfield, Missouﬁ) and Turkey Creek (near Joplin, Missouri) were attributed to elevated

levels of zimc’. Neither Willow Creek or Spring Branch were included in the USGS study.

}

|
i
i

Baxter Springs Subsite Drainages

The Baxt;er Spring subsite is primarily drained by Willow Creek and 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 énd flows from west to east through the subsite. The Baxter Springs subsite is
located in the% lower one-half of the watershed, occupying approximately 50 percent of the
Willow Creeké watershed. The entire Spring Branch watershed (3.3 square miles) is within
the subsite, «cbmprising another 20 percent of the total Baxter Springs subsite area. The
remaining arneil of the Baxter Springs subsite is an upland area that drains south to southeast
towards the Spring River.

|

1
i

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 zare present. Approximately 3 percent of @e watershed surface area is covered
with mill waste.” Land use in the Spring Branch wa;ershed 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 pércent (140 acres) of the watershed

surface area upstream of Baxter Springs contains evidence of past mine/mill activities.
2-12
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Water cfuality in the streams relates directly to land use. The data indicate that the
primary sour?ce of suspended solids in Willow Creek is surface runoff from croplands,
pastures, or 1‘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)

Cadmium | 0.0004 0.0015 0.0006-0.005
Iron | 2.73 3.94 1.0
Lead 0.01 0.014 0.0012-0.0351
Zinc 0.15 0.63 0.054-0.524

! Adjusted for sample hardness.

Iron exceieded AWQC at the upstream and downstream stations with an arithmetic
average of 2.7 mg/L and 3.9 mg/L, respectively. Runoff and seepage from mill waste
apparently tmr}sports lead to the lower reaches of Willow Creek as evidenced by higher total
recoverable lealld 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 runbff 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 Creék watershed which is rural/agricultural throughout, while the upstream area is
dominated Sy mill waste runoff/seepage. No baseline station was established in this
watershed. }Suspended solids concentrations and total recoverable iron concentrations in
Spring BraJn:ch 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)
|

Cadmium © | 0.08 0.0015-0.0056
Iron --- 0.25 --- 1.0
Lead | 0.008 0.0049-0.0421
| Zine - 9.9 0.141-0.591

1
! Adjusted for sample hardness.

Stream di’lscharge within the Willow Creek/Spring Branch system fluctuates dramatically
particularly in response to seasonal changes in precipitation. Stream discharge in Willow
Creck 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 dischafge 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.

1
N
|
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2.4.2 Neosho River Drainage

The Neosho River drains the Central Lowlands of southeastern Kansas and portions of
northern Olqahoma 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 Riv-ei', flows through the Tar Creek Superfund Site (Picher mine field) located
immediately south and downstream of the Treece subsite. Treece subsite 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 ‘zmc load to Tar Creek via mine openings in Oklahoma, estimated to be an
additional 2 't(!) 11 percent of the zinc load added to the Neosho River.

I

Water qulfality in the Neosho River is good, generally meeting AWQC except for iron
which is reg'uilarly exceeded upstream of Tar Creek inputs. Chronic AWQC for zinc are
occasionally éxceeded as a result of contributions from Tar Creek (OWRB, 1983). Fish
species composition and productivity m 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). Benthic 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}appr‘oximately 10 miles downstream from
the Tr@cé 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 River were unavailable
at this writiﬁg. It is assumed that conditions within the river are similar to that reported in
1983.

Treece Subsite Drainages

Tar Cree]k is the principal stream in the Treece subsite with a drainage area of
approximatejl);r 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 Creck watershed and flow is
from north to south through the Treece subsite to the Neosho River in Oklahoma.
Approximately 50 percent of the Treece subsite is drained by Tar Creek. Two other
watersheds, Tar Creck 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 un:’suitable 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 mouﬂsl 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 0f/0.07 cfs have been recorded at this
stream gage over the period of record from 1984 to 1990. Comparing the estimated Treece
subsite annual;discharge (5.3 cfs) to the average annual value for Tar Creek at Miami,
Oklahoma (613!6) indicates thét runoff from the Treece subsite contributes, on average, 8

percent of the flow in Tar Creek.

|
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Since 1980, groundwater within the interconnected mines of the Picher field, including
the mine wc»ridngs 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 am estimated 3,400 acre-ft/year to the flow in Tar Creek (Parkhurst, 1986). This
represents abcimt 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 and 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)

Cadmium | 0.001 0.02 0.0006-0.0038
Iron 10.8 1.3 -—- 1.0
Lead | 0.03 0.05 0.001-0.023
Zinc 0.18 9.2 '~ 0.050-0.39

! Adjusted for sample hardness.

As with Willow Creek, theSe data indicate that suspended solids and associated iron are

related to agricultural pfactices rather than to mining activities. Iron concentrations in Tar

Creek gener&l}y exceeded acute AWQC in the May and December sampling events.
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Dissolved sc)lids, 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.

The Tar %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 qualir_y;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. Act:ute AWQC for iron and chronic AWQC for cadmium, lead, and zinc were

generally exceeded during all sampling rounds.

1

2.4.3 On-Site Ponds

The larger tailings and subsidence ponds were inventoried and a subset of these were
sampled as a f)art of the RI (see Section 3.4 of the Final Draft RI). In general, tailings ponds
were relative:lgr shallow and covered up to 8.5 acres in surface area. Maximum depths of the
ponds inspec:t?ed ranged from approximately 4 to 12 feet in tailings ponds and 60 feet or

deeper in subsidence ponds.

The pom'.fs sampled exhibited neutral to slightly basic field pH ranging from 6.5 to 8.4.
Specific conductance varied from 160 to 1,900 umhos/ém 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 forml as opposed to the particulate form.

|

All the ponds sampled represented undisturbed, postf-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 Pc‘md exhibited relatively high levels of metals. Additionally, the extreme water
level ﬂuctuatidhs 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‘lﬁve 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, ctc.) 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 Creek!TSpring Branch watershed in the Baxter Springs subsite; (3) the stock ponds,
flotation tailinigs ponds, and flooded subsidence pits that occur throughout the subsites; and
(4) the Spring:and Neosho Rivers that drain the subsites.

A small :rc:aservoir is located on the Spring River near Baxter Springs. This reservoir is
inhabited by v%rious game fish such as largemouth bass (Microprerus salmoides), .spotted bass
(Micropterus p:unctulatus), channel catfish (Ictalurus punctatus), flathead catfish (Pylodictis
olivaris), blue'gill (Lepomis macrochirus), and crappie (Pomoxis spp.) (USSCS, 1985).
Interviews w1t£1 local fishermen and a local bait shop owner in Baxter Springs, indicated that
white bass (Morone crysops), hybrid white bass-stripers, and walleye (Stizostedion vitreum
vitreum) mlgqute upstream from Grand Lake to the reservoir dam during spawning runs.

| | w

Fish poter:nially inhabiting the streams and ponds of the subsites include centrarchids

(sunfish), ictal‘urids (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
2-19
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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
carpio) 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. Larry Zuckerman, KDWP) indicated that only certain fish species would be
expected to occur in ephemeral streams of southeastern Kansas. These species include yellow
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 the boundaries of the
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).

Both the Spring and Neosho Rivers are inhabited by diverse populations of fish and
benthic invertebrates. Ferrington ez al., (1988) reported benthic invertebrates representing
Ephemeroptera (mayflies), Odonata (dragonflies/damselflies), Megaloptera (alderflies), and
Diptera (flies, mosquitoes, and midges) occurred within Empire Lake. Within the Spring
River arm of Grand Lake O’ 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 er 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
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
(water beetles), Dipterans (flies, mosquitoes, and midges), Ephemeropterans (mayflies),
Hemipterans ("true bugs"), Odonates (dragonflies and damselflies), and Plecopterans

(stoneflies).

2.6 SENSITIVE HABITATS AND SPECIES

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 were 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 crucifer) 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
during the March breeding season. Drainage and clearing of woodland wetlands has
drastically reduced the peeper’s preferred habitat.
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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 f.rqm 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 SPECIES!
OF THE BAXTER SPRINGS/TREECE SUBSITES

Cave Salamander X X X
Central Newt ‘ X X
Dark-Sided Salamander ' X X X
Eastern Narrowmouth Toxild X
Greybelly Salamander ' X X
Green Frog l‘ X X
Grotto Salamander 1 X X
Northern Redbelly Snake : - X X
Northern Spring Peeper l‘ X X X X

! KDWP threatened or '?ndangered 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 (Trifolium stoloniferum) and western prairie fringed orchid
(Platanthera braeclara). 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
11990, Protection of Wetlands, as well as by a variety of other acts and executive orders
(e.g., Fish anid 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 and
collapsed shaftis 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., §ubsidence ponds and flotation ponds) onsite were established as a result of
mining activiti.ets, the creation of these areas completes a potential pathway of exposure for
organisms inhat%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 receptm%s 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

3.1.1 Baseline Soils

Data onithe concentration of metals in site baseline soil samples were necessary to
determine if mé‘tals concentrations measured in on-site soils were elevated relative to local
conditions. Sité 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 sanilples were collected from diverse areas onsite (five from the Baxter Springs

subsite and three from the Treece subsite). The geométn'c and arithmetic means and upper-

1
b
!
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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

A-Hori;on soils collected from areas near mine waste piles that were affected by past
mining acﬁvitiés are defined as near-pile soils. Typically, near-pile soils were completely
vegetated withia 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 (foi‘lr sample locations see Section 3.2 of the Final Draft RI). At most sample
stations, 0- to Z-inch and 10- to 12-inch core samples were collected. These data sets were
combined becauise: -(1) there was no statistical difference between the concentration of metals
in 0- to 2-inch z;md 0- to 12-inch soil samples, and (2) the O- to 12- inch data set was larger
than the 0- to 2- inch set (n = 19 versus n = 12). This increase in sample size reduces
statistical variab“ility of the near-pile soil data. Since analyses showed there is no statistical
difference betwe?,en metals levels measured at these two depths, the combined data

3-2

B:\Ecosec3.fd (03/24/93)



Table 3-1. Concentration of Metals in B-Horizon Baseline Soils at the Baxter Springs/Treece Subsites
Arsenic 8 ND° (1.9)-16 6/8 (75%) 7.1 5.2 R RN I 5.9 --
" Barium 8 | 70-370 T 8/8 (;0;)7;) 125 105.4 192.3 100.7
Beryllium 8 ND (0.15)-1.8 7/8 (88%) 1.0 0.8 1.3 0.5
Cadmium 8 ND (0.3-0.6) 0/8 (0%) NA® NA NA NA
Chromium 8 18-43 8/8 (100%) 30.3 28.7 37.1 10.2
Cobalt 8 4-11 8/8 (100%) 6.8 6.4 8.4 2.5
Copper 8 5-15 8/8 (100%) 10.5 9.8 13.1 3.9
Iron 8 18,000-71,000 8/8 (100%) 34,000 29,788 47,646 20,368
Lead 8 8.9-29 8/8 (100%) 17.4 16.3 21.7 6.5
Manganese 8 32-370 8/8 (100%) 133.5 98.9 209.8 113.9
Mercury 8 ND (0.05) 0/8 (0%) NA® NA NA NA
Nickel 8 . 6-18 8/8 (100%) 10.8 10.0 13.7 4.4
Selenium 8 ND (0.3)-0.9 1/8 (13%) 0.5 0.4 0.6 0.2
Silver 8 ND (0.5)-2 1/8 (13%) 0.7 0.6 1.0 0.5
Thallium 8 ND (0.3-0.6) 0/8 (0%) NA® NA NA NA
Vanadium 8 32-77 8/8 (100%) 51.1 49.1 61.4 15.3
Zinc 8 9-170 8/8 (100%) 43.9 28.8 79.2 52.7
" WND = 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 15 2.7-13 15/15_(100%) 5.6 5.0 6.8 2.6
Cadmitm 5 ] WD (0.3)-5. | 545.33% - | 0.9 0.6 | 14 12

" Chromium 8 13-55 8/8_(100%) 31.3 27 42.6 17
Cobalt 8 2.4-19 8/8_(100%) 10.8 8.4 15.6 7.2
Copper 15 3-14 15/15_(100%) 7.1 6.4 8.7 3.4

Iron 15 6800~ 74,000 15/15_(1005) 29,587 22,732 36,906 28,350

. Lead 15 12-150 15/15_(100%) 42 32.1 -58.3 35.9

_ Manganese 15 25-1300 15/15_(100%) 593 431.9 773.3 396.6
Nickel 8 2.6-23 8/8_(100%) 10.8 8.9 15.3 6.7

" Selenium 8 ND (0.3)°-0.7 1/8_(13%) 0.4 0.3 0.4 0.1
[ venadiun 8 25-88 8/8 (100%) 48.9 4.8 63.6 22

" Zine 15 23-830 15/15 (100%) 156.5 99.0 266.8 198.6

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




. /‘

will not signi‘ﬁcantly 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, nickfel, selenium, silver, thallium, vanadium, and zinc were higher in near-pile soils
than concentrhtions of these metals measured in B-Horizon baseline soils. Upper-bound
levels of arseniic, cadmium, cobalt, copper, iron, lead, manganese, nickel, selenium, and zinc
were higher tﬁan the upper-bound concentration of these metals measured in Ag/A-Horizon

soils.

Near-pile soil data wére 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 me:@s at or above concentrations of near-pile soil levels, and 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 exposutre concentration would be an area-weighted average concentration of metals
from mill wasté, mill-sité, 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.
t

|
H
i
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|
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Table 3-3. Concentration of Metals in Near-Pile Soils (0 to 12 in.) at the Baxter Springs/Treece Subsites

Arsenic 19 3717 19/19 (100%) 7.8 7.2 9.2 3.5
S : Barium 19 | " 53220 | ves19 crooxy | 106.6 00 | 1z 43.6
Beryl Lium 19 0.4-1.7 19/19_(100%) 0.8 0.7 0.9 0.3
Cadmium 19 0.8-21 19/19 (100%) 4.5 2.7 6.6 5.2
Chromium 19 10-91 19/19 (100%) 34.2 29.7 4.7 18.9
Cobalt 19 4-42 19/19 (100%) 15.6 12.5 19.8 10.6
Copper 19 4.9-26 19/19 (100%) 9.9 9.2 11.8 4.7
Iron 19 13,000-112,000 19/19_(100%) 48,947 37,306 62,957 35,218
Lead 19 25-300 19/19 (100%) 88.1 72.1 113.9 64.8
Manganese 19 120-2100 19/19 (100%) 947.4 678.9 1286.5 852.4
Mercury 19 ND (0.01%)-0.3 1719 (5%) 0.1 0.3 0.1 0.05
Nickel 19 b-th 19/19 (100%) 14.5 10.7 19.4 12.2
Selenium 19 0.5-1.0 19/19_(100%) 0.6 0.6 0.7 0.2
silver’ 19 1-4 19/19 (100%) 1.2 1.1 1.5 0.7
Thatlium 19 0.3-2 19/19 (100%) 0.7 0.7 0.9 0.3
Vanadium 19 21-96 19/19 (100%) 53.2 48.4 62.5 23.3
Zinc 19 230-2900 19/19 (100%) 710.0 497.9 995.6 717.9

® D= not detectied; vaiue in parentheses represents one-hatf 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 detection are presented
in Tables 3-4, 3-5, 3-6, and 3-7. Six (arsenic, barium, chromium, cobalt, selenium, and
vanadium) of tl;e 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 tril;)utaries of Tar Creek, Tar Creek Tributary and Lytle Creek, were sampled
as a part of thti[, RI studies. These data have not been used in this assessment. Although
much smaller u:1 magnitude, the water quality in Tar Creek Tributary is similar to that in Tar
Creek and concilusions pertaining to the larger stream apply to its smaller tributary. Three
water samples from Lytle Creek, on the other hand, indicated good water quality similar to
the upstream (WC-1/TC-1) results (Figure 2-1). Very little mill waste is present in the Lytle
Creek drainagel 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.

i
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Table 3-4. Concentration of (Total Recoverable) Metals in Tar Creek at Sampling Stations TC-2 and TC-3

Arsenic 6 ND (0.0025)" 0/6 (0%) NA® NA NA NA
~garium 3 ND (0.1) T ose 0%y i NS A NA NA
Cadmium 6 0.007-0.04 6/6_(100%) 0.02 0.01 0.03 0.02
Chromium 6 ND (0.005) 0/6 (0%) NA® NA NA NA
Cobalt 6 ND (0.025) 0/6 (0%) NA® NA NA NA
Copper 6 ND (0.0025)-0.01 1/6 (17%) 0.005 0.004 0.008 0.004
fron 6 0.4-2.5 6/6 (100%) 1.3 1.1 2.1 0.9
Lead 6 0.025-0.08 6/6_(100%) 0.05 0.05 0.07 0.03
Manganese 6 0.22-1.1 6/6 (100%) 0.6 0.5 0.9 0.4
Mercury 6 ND (0.0001) 0/6 (0%) NA® NA NA NA
Nickel 3 ND (0.02)-0.05 2/6 (33%) 0.03 0.03 0.04 0.01
Selenium 6 ND (0.0025) 0/6 (0%) NA® NA NA NA
silver 6 ND (0,00005)-0.0021 4/6 (67%) 0.0004 0.0002 0.001 0.0008
Vanadium 6 ND (0.025) 0/6 (0%) NA® NA NA NA
2inc 6 0.7-22 6/6 _(100%) 9.2 4.8 17.2 9.7

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

® 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 Willow Creek at Sampling Stations WC-2 and WC-3

Arsenic 8 ND (0.0025)° 0/8 (0%) NA® NA NA NA
Nl Barium 8 __ND (0.1) _. - _.0/8 (0%) NA® NA- NA NA
. Cadmium 8 ND (0.00025)-0.0023 7/8 (88%) 0.0015 0.0013 0.0019 0.0007
éhrcmium 8 ND (0.005) 0/8 (0%) NA® NA NA NA
Cobalt 8 ND (0.025) 0/8 (0%) NA® NA NA NA
" Copper 8 ND (0.0025)-0.009 5/8 (63%) 0.005 0.004 0.007 0.004
Iron 8 0.2-11 8/8 (100%) 3.9 2.1 6.3 3.6
“ Lead 8 0.002-0.025 8/8 (100%) 0.014 0.011 - 0.02 0.009
" Manganese 8 0.13-0.35 8/8 (100%) 0.21 0.20 0.26 0.07
n7 Mercury 8 ND (0.0001) 0/8 (0%) NA® NA NA NA
Nickel 8 ND (0.02)-0.03 2/8 (25%) 0.02 0.02 0.03 0.004
“ Selenium 8 ND (0.0025) 0/8 (0%) NA® NA NA NA
“ silver 8 ND (0.0001)-0.0006 4/8 (50%) 0.0002 0.0002 0.0003 0.0002
vanadium 8 ND (0.025) 0/8 (0%) NA® NA NA NA
" Zine 8 0.9-1.0 8/8 (100%) 0.63 0.57 0.81 0.27

b

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

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 Sampling Stations SB-1 and SB-2
Arsenic T 8 ND (0.0025)° 0/8 (0%) nA® NA NA HA
“Barium 8 W 0.1 | o8 com NA A NA NA
Cadmium 8 0.023-0.16 8/8 (100%) 0.08 0.06 0.12 0.06
Chromium 8 ND (0.005) 0/8 (0%) NA NA NA NA

Cobalt 8 ND_(0.025) 0/8 (0%) NA NA NA NA
Copper 8 ND (0.0025)-0.005 1/8 (13%) 0.004 0.003 0.006 0.003
Iron 8 ND (0.05)-0.6 5/8 (63%) 0.25 0.15 0.38 0.20
Lead 8 ND (0.0015)-0.022 6/8 (75%) 0.008 0.006 0.013 0.008
‘Manganese - 8 0.03-0.23 8/8 (100%) 0.09 0.07 0.1 0.07
Mercury 8 ND (0.0001)-0.0004 1/8 (13%) 0.0001 0.0001 0.0002 0.0001
Nickel 8 ND (0.02)-0.05 5/8 (63%) 0.03 0.03 0.05 0.02
Selenium 8 ND (0.0025) 0/8 (0%) NA NA NA NA
Silver 8 ND_(0.00005) 0/8 (0%) NA NA NA NA
vanadium 3 ND (0.025) 0/8 (0% NA NA NA NA
Zinc 8 3.2-20 8/8 (100%) 9.9 7.8 14.5 6.8

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.




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

Arsenic 9 ND (0.0025)° 079 (0%) NA° uaA HA A |I|
Barium 9 ND €0.1) 0/9 (0%) NA NA NA NA
Cadmium 9 ND (0.00025)-0.032 7/9 (78%) 0.01 0.004 0.02 0.01
Chromium 9 J ND (0.005) 0/9 (0% NA NA NA NA
Cobalt 9 ND (0.025) 0/9 (0%) NA NA NA NA ’
Copper 9 ND (0.0025)-0.007 1/9 (11%) 0.005 0.005 0.006 0.001
Iron 9 ND (0.05)-1.7 2/9 (22%) 6.3 0.14 0.6 0.5
Lead 9 ND (0.0005)-0.10 4/9 (44%) 0.02 0.007 0.04 0.03
Manganese 9 0.04-0.88 9/9 (100%) 0.3 0.1 0.4 0.3
Mercury 9 ND (0.0001)-0.0005 2/9 (22%) 0.0003 0.0003 0.0004 0.0001
.Nickel 9 ND (0.02)-0.03 2/9 (22%) 0.04 0.04 0.04 0.007
- Selenium 9 ND (0.0025) 0/9 (0%) NA NA NA NA
“silver 9 ND (0.00025)-0.0046 6/9 (67X) 0.002 0.001 0.003 0.001
Vanadium 9 ND (0.025) 0/9 (0%) NA NA NA NA
Zinc 9 0.054-9.7 9/9 (100%) 1.8 0.5 3.7 3.1

? Ballard Pond data were not included (see text).

® 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-1/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-1/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
period at pot«:ﬁtial fugitive dust source locations in both subsites. Analytical results
(particulates, lelad and other metals) are presented in Section 4.7 of the Final Draft RI.
Concentrations of particulate matter less than 10 microns (PM,,) in size were below the 24-
hour-standard of 150 ug/m® at all stations during the seven-day sampling period. The
concentration Oil. lead in the PM,, fraction was well below the existing quarterly standard of
1.5 ug/m®, Ars'g:nic, cadmium, and silica (as silicon) were not detected in any samples. The
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Table 3-8. Comparison of Metals Levels Measured (Total Recoverable) at Downstream Versus Upstream
Sampling Locations for Tar Creek, Willow Creek, and Spring Branch

. . ~ hean Concentration | Wean Concentration Mean Concentration -| - Mean Concentration Ccrmt!:':':ion‘at' B
[ Metal Detected "in at wc-1 at WC-2/\C-3 at TC-1 at ¥C-2/7C-3 S8-1/s8-2
On-Site Streams (mg/L) (=g/L) (wg/L) (mg/L) (mg/L)
Cadmi um 4 0.0004 0.0015 0.001 0.02 0.08
‘Copper 0.004 0.005 0.01 0.005 0.004
Iron_ 2.7 3.9 10.8 1.3 0.25
Lead 0.01 0.014 0.03 0.05 0.008
Manganese 0.22 0.21 0.3 0.6 0.09
Nickel 0.02 0.02 0.02 0.03 0.03
Silver 0.0002 0.0002 0.0002 0.0004 0.0002
Zinc 0.15 0.63 0.18 9.2 9.9




concentration of copper in PM,, samples ranged from undetected to 0.6 ug/m®, while

concentrations of manganese, nickel, and zinc were at or below 0.3 ug/m>.

For the emissions modeling, the highest concentration of metals in the fine particulate
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.
Since the moéleling results were higher than the source-term air monitoring resuits, 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 data were higher due
to the greater preponderance of mill waste on that portion of the subsitzs. 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 PM,, and metals
concentrations were well below both National Ambient Air Quality Standards and modeled
concentrations.5 As a result, modeling data were used versus the monitoring data because the
modeling data iwere felt to be more representative of site-wide ambient air conditions.

f
i

3.4 GROUNDWATER

Two mai'jor aquifer systems, referred to as the shallow and deep aquifers, underlie the
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,

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®
Il Arsenic . 0.35
Cadmium 5.2
| Copper 13
Lead 76
Manganese 10
Mercury 0.03
| Zinc 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 micrograms).
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from only one mine, the Bruger mine, northwest of Baxter Springs, to Willow Creek. The
Bruger shafts Jdid 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 deép 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 J;impacts to environmental receptors (i.e., COCs for the human health and
ecological risk assessments may be different). COCs were determined for the following

media:

° Bax‘ter Springs and Treece subsite ponds;
° Baxier Springs and Treece subsite streams;
o Agricultural plus A-Horizon (Ag/A) soils;
® Near-Pile (0 to 12 in.) soils; and

o Air.

It was ﬁot 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
terrestrial and iaquatic receptors. Potential adverse effects to aquatic biota were evaluated by
comparing the‘; measured concentration of COCs in on-site waters to chronic toxicity data.
Fish were the bﬁmary 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 adversel'y} affected, it is reasonable to assume that fish would also be affected. In other
words, a su1table ("normal") benthic population must exist to support an associated fish
population. Th1s ERA did indirectly assess impacts from sediments by collecting total
recoverable zu:1d dissolved water samples and evaluating potential impacts to benthic
invertebrates. | Total recoverable concentrations reflect the concentration of COCs in

suspended sed[iments 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 aquétic 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 déta. Baseline data
from on-site lécations were used in these comparisons when available. If local baseline data
were not avadiable, 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 exposedzto all metals whose measured levels onsite were greater than those measured
in the appropriate corresponding background sample. Table 4-1 presents the metals analyzed

for in various:media at the subsites.

'Detecti;on limits vary depending on the metal analyze;d, the analytical instrument used,
and the charac;teristics of the media being tested. Before any metals were eliminated, it was
necessary to q'onsider that detection limits can vary between sampling events. Therefore,
some metals cf:oncentrations may not have been detected in samples from some sampling
events due to \f/arying detection limits. Metals not detected in any of the media samples were

.. [ ) ]
eliminated from further consideration.

|
1
i
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Table 4-1.

Metals Analyzed For in the Various Media Samples Collected at the Baxter Springs/Treece Subsites

Arsenic X X
Barium X X
Beryllium -
Cadmi um X X
Chromium X X
Cobalt X X
Copper X X
Iron X X
Lead X X
Manganese X X
Mercury X X
Nickel X X
Selenium X X
Silver X X
Thal lium
Vanadium X X
2inc X X




Conceritrations' 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 ﬁivé 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. Ifthe mean concentration of a contamirant in a given
medium was ;st:atistically higher (at the 95 percent level of confidence) than its mean level in
baseline sam;)fes 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 oné-taﬂed (versus a two-tailed) t-test was used in this evaluation because it is a
more powerfulitool for detecting statistically significant increases above a given mean baseline
concentrations.f The one- and two-tailed t-tests are virtually equivalent with the exception that
the altemativeg hypothesis is defined differently in each case. In a one-tailed test, the
alternative hyﬂothesis is that metals concentrations are higher in the non-baseline data set
while in a two-‘Etailed t-test, the alternative hypothesis is that metals concentrations are either
higher or lchafr. In a two-tailed test the significance level (i.e., the probability of a false
positive decisi(f)n) is usually divided equally between the two alternative hypotheses. In this
case, the one- a‘.nd 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. lTher_efore, the fixed 5 percent significance level offered by the one-tailed test

makes it a morfe powefful tool.

F

I
i

B:\Ecosec4.fd (03/24/93)



4.2 COCs FOR SOIL

Ag/A and near-pile soil samples were analyzed for arsenic, barium, beryllium,
cadmium, cllfomium, cobalt, copper, iron, lead, manganese, mercury, nickel, selenium,
silver, thallqum, 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
from the BaxtEer Springs subsite. Barium, beryllium, mercury, silver, and thallium were

eliminated due to non-detection.

For neéx—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, assuntlptions used in the one-tailed t-test, and results of this t-test are shown in Table
4-3 for near-pile soils.

t

4.3 COCs IN SURFACE WATER
|

COCs Ifor surface water were determined by considering each stream (Willow Creek,
Tar Creek, Spfring Branch) individually but all ponds were treated as a group. As a result,
the three streaffms and the on-site ponds could have different COCs. Only those results of
stream-water cfmality that corresponded with aquatic sampling locations were used. All
aquatic biota iimainstem sampling stream locations correspond to surface water quality
sampling loméons with the exception of aquatic biota sampling locatior: WC-1a, which was
situated between surface water quality sampling locations WC-1 and WC-2. All pond data

(excluding thlfllard chat-wash pond) were used.
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Table 4-2.

Table t Statistics, and Results of the t-Test for Agricultural/A-Borizon (Ag/A) Soils

The Mean Concentration, Standard Deviation, Calculated and

Arsenic 7.1 5.9 5.6 2.6 -0.85 1.72 Accept’
Cadmium ] P-'BTZM#QMA‘_" - <ME;1> 0.9 1.2" 1.16 1.72 Accept
Chromium 30.0 10.2 31.3 17 0.19 1.76 Accept
Cobalt 7.0 2.5 10.8 7.2 1.41 1.76 Accept
Copper 11.0 3.9 7.1 3.4 2.48 1.7 Reject’
Iron 34,000 20,368 29,587 21,841 -0.47 1.72 Accept
Lead 17.0 6.5 42.0 35.9 1.93 1.72 Reject
Manganese 134.0 113.8 593.0 396.6 3.17 1.72 Reject
Nickel 11.0 4.4 10.8 6.7 -0.07 1.76 Accept
Selenium 0.5 0.2 0.4 .01 -1.13 1.76 Accept
Vanadium 51.0 15.3 48.9 22.0 -0.22 1.76 Accept
Zinc 44.0 52.7 156.5 198.6 1.56 1.76 Accept

® STD = standard deviation.

® AG = agricultural soils

metal is a COC.

Data are in mg/kg dry weight.

B-Horizon soils were used to represent local baseline conditions.

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




® ®

water onsite (CH2M Hill, 1986). Fish that would likely inhabit deeper water of the subsites,
include smallmouth buffalo (Icriobus bubalus), longear sunfish (Lepomis megalotis), redear
sunfish (Lepomis microlophus), green sunfish (Lepomis cyanellus), common carp (Cyprinus
carpio) 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. Larry Zuckerman, KDWP) indicated that only certain fish species would be
expected to occf:ur in ephemeral streams of southeastern Kansas. These species include yellow
bullhead (Ictcziurus natalis), black bullhead, green sunfish, blackstripe topminnow (Fundulus
notatus), buUJiead minnow (Pimephales vigilax), bluntnosed minnow (Pimephales notatus),

red shiner (thropis lutrensis), and mosquitofish (Gambusia affinis).

Although the Spring and Neosho Rivers are not technically within the boundaries of the
subsites, poteriltial impacts to aquatic organisms in these rivers are evaluated in this
assessment, sirilce they constitute the perennial receiving channels for subsite waters. The
assessment of 'lwater quality within the rivers is based on existing data collected by KDHE

(1980, 1987) and discharge data from the USGS (1987).
|
?

Both the S;pring and Neosho Rivers are inhabited by diverse populations of fish and
benthic inven:ébrates. Ferrington er al., (1988) reported benthic invertebrates representing
Epherrieroptexﬁ (mayflies), Odonata (dragonflies/damselflies), Megaloptera (alderflies), and
Diptera (flies, mosquitoes, and midges) occurred within Empire Lake. Within the Spring

River arm of Grand Lake O’ the Cherokees, Aggus er al., (1983) collected spotted gar,
2-22 '
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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 §potted gar were collected by Aggus er 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 ﬁom 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 Aggués et al., (1983) study site of Tar Creek, within 3 miles of its confluence with
the Neosho RLiEver, indicated that a variety of fish and benthic invertebrate species inhabit the
stream. Fish; species collected in Tar Creek included chubs, river carpsucker, channel
catfish, killifiéh, Gambusia sp. (live bearers), brook silverside, white bass, green sunfish,
bluegill, larg(:fxlouth 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
macroinveﬂebfates from Willow Creek northwest of Baxter Springs on May 18, 1979. The
major groups é;:f benthic macroinvertebrates represented in the samples include Coleopterans
(water beetles), Dipterans (flies, mdsquitoes, and midges), Ephemeropterans (mayflies),
Hemipterans é"true bugs"), Odonates (dragonflies and damselflies), and Plecopterans
(stoneflies). |

|

2.6 SENSITI;VE HABITATS AND SPECIES

1

|
|

Sensitive }ilabitats that may occur within the subsites include habitats critical for the

survival of thre!atenéd or end_axigered (T&E) species and wetlands, both of which are protected

by various lezgiSIaﬁve acts and executive orders. Potential impacts were: evaluated for T&E

species that do or could occur within the sﬁbsites. T&E species lists and critical habitat

descriptions were 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 niné listed species that have critical habitat within the subsites, only the northern
spring peeper (fIyla crucifer crucifer) has critical habitat west of State Highway 66 in the
general area wh;ere mine and mill deposits have been identified (Figure 2-4). The northern
spring peeper 1s found in woodlands near small ponds, swamps, and the twilight zone of
caves, east of Sitate Highway 69 running north through Treece. This small frog prefers
woodland pondsi, with abundant emergent vegetation, marshes with standing trees, or shrubs

during the Mar'ph breeding season. Drainage and clearing of woodland wetlands has

drastically reduced the peeper’s preferred habitat.

]
i

i
!
t
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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.)

Arsenic 7.1 5.9 7.8 3.5 0.4 1.7 Accept’
- - —-—Bariun-———]———125:0———| —— —100.5" " ~|" ~ yo7.0" 3.6 0.659 .77 | Accept

Beryllium 1.0 0.47 0.8 1.62 1.333 1.71 Accept
Cadmium 0.4 0.14 4.5 5.2 2.20 1.7 Reject®
Chromium 30.0 10.2 34.2 18.9 0.59 1.7 Accept
Cobalt 7.0 2.5 15.6 10.6 2.24 1.7 Reject
Copper 11.0 3.9 9.9 4.7 -0.58 1.7 Accept
Iron 34,000 20,368 48,947 35,218 1.12 1.71 Accept
Lead 17.0 6.5 88.1 64.8 3.06 1.7 Reject
Manganese 134.0 113.8 947.4 852.4 2.66 1.71 Reject
Nickel 11.0 4.4 14.5 12.2 0.78 1.71 Accept
Selenium 0.5 0.23 0.6 0.2 1.14 1.71 Accept
Vanadium 51.0 15.3 53.2 23.2 0.24 1.7 Accept
2inc 44.0 52.7 710.0 717.9 2.59 1.7 Reject

B-Horizon soils were used to represent local baseline conditions.

STD = standard deviation.

° 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, bariulm, 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 clue to nondetection.

As for §oi]. 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 l«eés than the mean concentration of metals in on-site streams as determined from
a one-tailed t-‘tést even if the meésured concentration of that metal exceeded national Ambient
Water Quality Criteria. The average concentration of metals in upstream samples TC-1 and
WC-1 were luised to represent local baseline levels for Tar Creek and Willow Creek,
respectively. Shnce 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 surfafce water sample results for Tar Creek were statistically similar but slightly
higher. The usle 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.

Data fro:m on-site downstream sampling locations (i.e., TC-2 and T'C-3 for Tar Creek,
WC-2 and WCJ3 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 le:vfels in TC-2/TC-3 and WC-2/WC-3, respectively, while mean concentrations
in WC-1 were éompared to mean levels in SB-1/SB-2. Sampling locations were combined
for several reasio'ns, primarily to increase sample size as 1) the ephemeral systems of the
subsites are dyn‘amic and suscepﬁblé 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 Creck 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 upstreani (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 CaCQ,/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 c:hiemistry is highly dependent on flow rate and since many of the biologic
organisms of ﬁoncem are mobile, it was appropriate to average the sampling data.
Concentration estimates for the individual sampling locations as well as potential toxicity to
aquatic receptofs 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 avefage concentration, standard deviation, t-values, assumpticns 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 iSpring Branch, respectively. These data show that for Willow Creek, mean
on-site concentrations were significantly greater than mean baseline concentrations for

t

cadmium, lead,{ and zinc. Thus, these metals were considered COCs for Willow Creek.
Levels of mang'anesé and zinc measured onsite in Tar Creek downstream water (i.e., TC-2
and TC-3) were Esigniﬁcantly 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 signiﬁcantliy higher than concentration measured at the WC-1 baseline sampling station.

The COCs for efach stream are summarized in Table 4-7,
i
i
!

I
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Table 4-4. The Mean Concentration, Standard Deviation, Calculated ani Table t
Statistics, and Results of the One-Tailed t-Test for Willow Creek

Cadmium 5.0005 0.0001 3 0.0015 0.0006 8 2.78 1.83 Reject’
Copper 0.0037 0.002 3 0.005 0.004 8 0.62 1.83 Accept®
Iron ‘2.73 1.72 3 3.94 3.57 8 0.55 1.83 Accept
Lead 6.0097 0.006 3 0.014 0.085 8 1.87 1.83 Reject
Manganese :0.22 0.021 3 0.211 0.07 8 -0.27 1.83 Accept
Nickel 10.02 0.0 3 0.02 0.0035 8 0.62 1.83 Accept
Silver 0.0002 0.0001 3 0.0002 0.0002 8 0.0 1.83 Accept
Zinc '0.15 0.03 3 0.63 0.27 8 3.01 1.83 Reject

Upstream station is WC-1.
®  STD = standard deviation
Mean of levels measured at the downstream stations WC-2 and WC-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 Creek

a/

Cadmium 0.0013 0.0014 3 0.016 0.016 é 1.67 .89 Accept’
Copper ‘0.0097 0.012 3 0.005 0.004 6 -0.936 .89 Accept
iron -10.83 15.77 3 1.33 0.88 6 -1.59 .89 Accept
Lead 0.03 0.051 3 0.053 0.025 [ 0.8¢7 .89 Accept
Manganese 10.31 0.41 3 0.62 0.39 é 1.9 .89 Reject’
Nickel \ 0.02 0.0 3 0.028 0.013 6 1.04 .89 Accept
Silver 6.0002 0.0002 3 0.0004 0.0008 6 0.413 .89 Accept
Zinc ,0.18 0.17 3 9.22 9.69 6 2.56 .89 Reject

Upstream station is TC-1.

STD = standard deviation

than the upstream population mean.

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

Accept cenotes acceptance of the null hypothesis that the sample population mean is not greater

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.

Statistics, and Results of the One-Tailed t-Test for Spring Branch

The Mean Concentration, Standard Deviation, Calculated and Table t

Cadmium 0.0005 0.0001 3 0.078 0.06 8 2.22 1.83 Reject’
Copper 0.0037 0.002 3 0.004 0.003 8 0.06 1.83 Accept®
Iron 12.73 1.72 3 0.29 0.19 8 -4.38 1.83 Accept
Lead 10.01 0.006 3 0.008 0.008 8 -0.33 1.83 Accept
Manganese ' 0.22 0.021 3 0.09 0.07 8 -3.15 1.83 Accept
Nickel 10.02 0.0 3 0.03 0.015 8 1.22 1.83 Accept
Silver 0.0002 0.0001 3 0.002 0.005 8 0.6 1.83 Accept
Zinc 0.15 0.03 3 9.9 6.8 8 2.4 1.83 Reject

* Upstream station is WC-1. There was no significant difference in t-test results 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.

than the upstream population mean; hence that metal is a COC.

Reject denotes rejection of the null hypothesis that the sample population mean is not greater

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




Tabte 4-7. Swummary of Chemicals of Concern (COCs) in Surface Water, Soil, and Air

METAL -

Cadmium - X

Cobalt

Copper X

Iron X

Lead - X
Manganese X ||
Mercury X

Nickel X “
Silver X

Zinc l X "




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 COCs IN AIR

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
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, 19192. Source-term samples were analyzed for arsenic, cadmium, cobalt, lead,
manganese, MC}cel, respirable silica as silicon, and zinc. Modeling data were used in the
ERA instead of Ethe monitoring data because the modeling data better represented ambient air

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;
o [Estimating exposure-point concentrations; and

¢ Estimating total contaminant intake by receptors.
5.1 SELECT.[NG KEY ECOLOGICAL RECEPTORS

Environr{'nental receptors are those organisms that may have been, are being, or may
be exposed to rnémls contamination from the subsites. Environmental receptors are identified
by considering the relevant exposure pathways and the potential or known occurrence of
species exposedi via those pathways. Species occurrence information was compiled from
studies previousiy conducted in the Tri-State Mining District (Ferrington ez al., 1988; Jobe,
1988; Aggus et %al., 1983; and CH2M Hill, 1986) and from 1991 site-specific investigations
conducted by D%dmes & Moore.

f

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

levels as follow[s:
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FOOD-WEB
Tertiary
e o " Barred Owl!

(Carnivores) — l

Red-tailed Hawk

Primary \ .
Consumers Fish Wild Squirrels Mice Seed-Eating Cottontail Whitetail
(Herbivores) X Birds Rabbits Deer
Producers Vegetation Trees

Decomposers and Invertebrates

(Microconsumers)
LEGEND

f - Pathway Used In Risk Assessment SIMPLIFIED FOOD WEB

Figure 5-1




¢ Primary producers - photosynthetic plants;

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

® Secondary consumers - eat herbivores (carnivores);

e 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);

e Species that exhibit a toxicological sensitivity (vulnerability) to the COCs;
o Species that have unique life histories and/or feeding habits;
o Species that commonly occur within potentially-affected areas;

o Species that are representative of terrestrial, avian, riparian, and aquatic
communities;

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

° Speu.,les composed of a mixture of avian, mammalian, and aquatic species designed
to address a variety of life h1stones feeding habits, and toxicological sensitivities;
and

o Speci:res for which toxicological data are readily available in the scientific literature.
Key recéptors used in the risk asséssment were selected to minimize the possibility that
other species co‘uld 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 toxthy as well as associated impacts and food chain effects on primary and higher
trophic level cor,:lsumers, as they would f)rovide sufficient data to assess the general condition

of the ecosystem. The use of these selected organisms was therefore expected 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:

o Barred owl;

B Red-tailed hawk;

o Mink;

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

o 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 31;écies are not included on the list of key receptors, as they are given separate
consideration. iPotential impacts to T&E species must be evaluated if these species occur
within site bourildaries or there is reasonable potential for these species to occur in or use
some portion ofi‘ the site (i.e., critical habitat exists within the subsites or could be affected
by the migratioril of COCs .frorn the subsite). As discussed in Section 2.5.1, one state-listed
amphibian has hesignated critical habitat within mining-impacted areas of the subsites and
eight others have designated critical habitat downstream of the mining areas. This ERA
focused on assé[ssing individual-level impacts for those T&E species that could occur in
mining—impactu[i 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
Contamination and the Reasons for Selecting these Species.

4_AGbatea0atha. aeaes

Fish - Centrarchids 1. Secondary consumers that contact water and sediments directly (gills are in direct contact with water).
(Sunfish) and Ictalurids | 2. Ingests food items and sediment that have also been in prolonged contact with site-related metals.
(Catfish) 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.

Barred Owl & Red-Tailed 1. Secondary consumers that either frequent or reside within subsite boundaries.
Hawk 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.
Mink 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.
Benthic invertebrates 1. Secondary consumer that consumes periphyton and comes in direct contact with sediments that may contain site-

Tubificids (Aquatic related metals.

Earthworms) and 2. Represents a key food species for fish.

Chironomids (Midges) . Substantial toxicological data are available.

3
4. Xnown 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 eitherin 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 attﬁt:mted to: (1) windblown transport of mill wastes as fugitive dust; (2)
distribution of }waste material or metallic ions to soils via seepage and/or runoff; or (3)

redistribution %0 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 primai’y dust sources in the subsites. Neither mine wastes
(development aT!nd waste rock piles), revegetated near-pile soils, or flooded tailings
impoundments aire signiﬁcant sources of dust.

!

5.2.1 Terrost:ri{al Pathways
l

Potential routes by which terrestrial receptors could be exposed to mine-related metals

include: (1) inhalation of fugitive dust; and (2) irigestion 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 pathwéys 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 and bottom-feeding fish tend to take up metals by respiration, by feeding on
algae attached t6 substrate particles, and by inadvertent ingestion of sediment during feeding.
Therefore, so:mfe metals contained within the sediments may be retained by benthic
invertebrates ana 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.

o

53 ESTIMAT;ING EXPOSURE POINT CONCENTRATIONS
*_
|
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 occur 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'

Dermal absorption of soil No Metals are not readily asbsorbed through integument.

Ingestion of soil Yes Incidental ingestion while foraging or grooming is possible.

|l_Inhatation_(vapors) — ] = - -NO - - -Metals-of concern-do not volatilize—at ambient temperatures.

Inhalation (particulates) Yes Resuspension of particulates via wind may occur.

Ingestion of prey Yes Prey may accumilate metals.

Ingestion of vegetation No 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).

Ingestion of ground water No 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.

Ingestion of surface water Yes 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®

Ingestion of sediment No Incidental ingestion 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.

—— —||-permal..contact-with-surface-water |- - — - -Noo —~ - -} It is unlikely that substantial 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.

Ingestion of prey Yes Prey may accumulate metals of concern.

Uptake across the gill membrane Yes 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 pefcentile) 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:

= s
UCL = X+t 4 py ﬁ (5-1
Where

!
x = the arithmetic mean;
s = the standard deviation;

!
n = :sémple size; and
t = tﬂe 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
concentration, aé derived ﬁsing equation 5-1, méy exceed the maximum value. In this case,
EPA (1989d) r&ommends 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 E]PA (1989d) guidance.

t

|
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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 particulate fraction [#200 mesh (0.0029 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 Baxtzr 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
|
Although" terrestrial receptors could ingest surface water and ground water (where it
reaches the surfa[ce as springs), terrestrial receptors were assumed to consume surface water
1
exclusively sinciia (1) very little ground water relative to surface water is available for
ingestion by te:rl:'estrial 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 taijlings ponds, and two subsidence pits) were used to estimate metal intake by
terrestrial receptc')rs 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 Metals in Air
Modeled Over the Treece Subsite®

Cadmium 5.2 x 10°
Lead 7.6 x 1072
Zinc 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.



. 'r'

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 6bjective 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 si.té—related metals.

Ballard Pond data were not used because the pond is located within a commercial chat
processing con’;plex 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 b)" 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 sum%mer of 1991, in part because of increased evaporation during the recycle
process and seei:age from the impoundment. Mine water from the Ballard well was pumped
in to maintain tfhe water level in the pond. After chat washing operatioris cease, the metals
concentrations ;:hould drop as a result of dilution to levels similar to those observed in other
tailings ponds. %Physical limitations will limit the establishment of aquatic life in the pond in

the future, as 'tﬁc pond will most likely dry out completely during the summer months.

5.3.3 Exposwrie Point Concentrations for Prey

It was a‘ssumed that the barred owl and the red-tailed hawk cornsumed only white-
footed mice. This assumption is conservative and implies that all small rnammals consumed
by key terrestriral receptors would be contaminated at comparable levels. The upper-bound
(95th percenﬁle? 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 Mater

Cadmi um 31 ND (0.00025)-0.16 0.03 0.04
———Copper 31 -ND--(0:0025)-0:01-—-]- ~  0.005 : -~ 0.007-
Iron . 31 ND (¢0.05)-11 1.5 2.4

Lead 31 ND (0.0005)-0.10 0.02 0.04
Manganese 31 0.03-1.1 0.3 0.43
Mercury i ND (0.0001)-0.0005 0.0003 0.0004
Nickel 31 ND (0.02)-0.05 0.03 0.04
Silver 12 ND (0.00005)-0.005 0.001 0.003
Zinc 31 0.054-22.0 5.0 7.1

ND

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.

Detected in the ponds only.

Detected in the ponds and in Tar Creek only.

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




Table 5-6. Concentration of Selected Metals In Whole Mice From ALl Samples Collected Sitewide

| Cadmium 10 0.03-3.3 0.8 1.2 1.5
LI

- e || oL ead - o |10 | —— -~ 0:2:5:9 el 22 - 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 a
wet weight basis. ‘ ’




Table 5-7. Concentration of Selected Metals In Whole Body Fish Tissue From ALl Samples Collected Sitewide

Cadmium 31 0.01-1.0 0.2 0.2 0.3
Lead 31 0.07-22 3.5 5.1 5.1
- T zine 31 14.6-373 92.2 74.4 114.9

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 wet 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
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 chemicals were the most
abundant and Ii)otentially toxic of the mining-related chemicals that might accumulate in
ecological recebtors. Thus, dose estimates for the three key terrestrial receptors were
developed for cadmium, lead, and zinc only. The uncertainty associated with excluding other

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

5.4 EXPOSURE (DOSE) ASSESSMENT

Determjhing if exposure to site-related contaminants may increase the incidence of
adverse impacté in exposed populations is an important step in the risk assessment process.
The objective off 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 fcontaminant intake by potentially-exposed receptors for relevant pathways of
exposure using :the previously defined exposure-point concentrations.

S.4.1 Teri‘estr%al Receptors
i

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. Quantification of exposures involves using species-specific numerical exposure factors
including body weig'ht," ingestion rate, and fraction of prey, water, and soil/mine waste

consumed from' 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® 1.32 kg 0.74 kg 1.5 kg
—Food-Ingestion-Rate® - — -- ——|— - ---0:135-kg/day 0.09 kg/day 0.23 kg/day®
Water Ingestion Rate’ 0.045 L/day 0.03 L/day 0.08 L/day
Inhalation Rate’ 0.6 n’/day 0.3 m’/day 0.45 n’/day
Soil Ingestion Rate 0.007° 0.005 kg/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 avaitable, inhalation rates were derived from data available for the rat using
an inhalation rate-to-body weight ratio. Rat inhales 0.2 m’/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. Mark
Doolan, EPA, Region VI, 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 = (CMxQMxFI) + (CAxQAxXFI) + (CSxQSxFI) + (CWxQWxFI) (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/m?);
QA = the quantity of air inhaled (m*day);
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).

Values vifor QM, QS, QW, and QA are specified for each terrestrial species evaluated
in Table 5-8, vahilg the concentration of metals in air, surface water, whole body mice, and
soil used to q'uéntify intakes are listed in Tables 5-4 through 5-6 and Table 3-3, respectively.
Although inge?ﬁon 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 locat10ns 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 th:e 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.

e 100 f)ercent of the air inhaled by the red-tailed hawk and barred ow! was assumed
to be subsite air. Since it was assumed that air throughout the: subsites contained
equnvalent levels of metals, FI values for inhalation correspond to those used to
model prey ingestion intakes. Data used to estimate exposures via inhalation are
the rriodeled concentrations in air over the Treece subsite (Table 5-4).

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

o The fraction of soil incidentally ingested (e.g., while grooming) was assumed to
be lO percent (i.e., 90 percent of the soil taken in by raptors was assumed to

ongmate 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 vere 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 relatlve 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:

o The eoncentraﬁon 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).

o 75 percent of the raptor’s forage consists of small mammals that originate from
1mpacted 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
nonrriining-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 I‘reece), it is reasonable to assume that the owl would obtain only a fraction
of s prey from mining-impacted areas. These assumptions in combination with
the use of arithmetic mean metals levels in prey represent logical RME conditions.

e 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).

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

e The |fractron of soil incidentally ingested was assumed to be 0.1 (i.e., raptors
obtam 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
useol.l (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 ow!’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

(CMxQOMxFI) + (CAxQAXFI) + (CSxQSxFI) + (CWxQWxFI) (5-2)
BW

I =

Worst-Case Intake of Lead = (3.7 mg/kg * 0.135 kg/day)
+ (0.04 mg/L * 0.045 L/day * 0.25)
+ (7.6x10° mg/m® * 0.6 m*/day * 1.0)
+ (113.9 mg/kg * 0.014 kg/day * 0.1)
= 0.50 mg/day + 4.5x10* mg/day + 4.6x10”° mg/day -+ 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
lead and that ingested quantities of cadmium and lead are similar.
|
|
5.4.1.2 Dose Estimates for the Mink

%

The mml!c 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 concentration 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

WORST-CASE SCENARIO

_Cadmium

- 0.6 _— -0.19 - 0.19 - - I
Lead 0.50 0.59 0.96 “
Zinc 5.15 6.07 16.5

RME SCENARIO

Cadmium 0.07 0.08 0.11

Lead 0.26 0.31 0.63

Zinc 3.50 4.1 13.6




model mtakes Since mink are opportunistic feeders that consume small mammals, birds,
aquatic orgam§ms, and eggs but are not known to consume vegetation (Burt and
Grossenheider,j 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 estimats dose by the mink
for the worst-case and an RME scenarios. The following assumptions were made to model

! .
a worst-case scenario.

o 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.

° tSO percent of the water ingested by the mink is on-site surface water and 50
peroent of the water ingested comes from ingesting on-site prey. This
assumpuon 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
r;netals in on-site surface water bodies presented in Table 5-5 were used.

° ':I’he fraction of soil incidentally ingested was assumed to be 10 percent, since
i!t was assumed that only 50 percent of the mink’s diet is terrestrial prey,
Wthh 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
terrestrlal prey). The upper-bound concentration of metals in near-pile soils
hsted in Table 3-3 were used.
i
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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 conceniration 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

" (X OMxFI) + (CFxQFxFI) + (CAxXQAXFI) + (CSxQSxFI) + (CWxQWxFI) 5-3)
= BW
i

1

Worst-Case Inta;ke of Lead

= (3.7 nl1g/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. 6x10’ mg/m* * 0.45 m*/day * 1.0)
+ (113. 9 mg/kg * 0.006 kg/day * 0.1)

0.4 mg/day + 0.6 mg/day + 2x10° mg/day + 5x10° mg/day + 0.07 mg/day
1.1 mg/day / 1. 125 kg = 0.96 mg/kg-day.

8
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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 is 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
burden (tissut:f 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. Asa re:nillt, the mice body burden data are used here to gualitatively discuss potential

impacts to mice since field data are not available to quantify intake parameters.

Body bu:rden data for whole-body mice collected from the subsites were compared to
body burden le\f'els 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 Ta]ble 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 n}uch of the reported concentration has actually accumulated in mouse tissue
and how much. :was associated with the pelt and/or the gut, a compariscn of the measured
concentration of metals in mice with body burden levels reported to cause toxic effects in
mice is not appl"opriate. The reference area within Cherokee County, was sampled during
the RI field acti\{iﬁes, while the non-Cherokee County sites are control samplés collected from
other mining arieas (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 Hetals in Whole-Body Hice Tissue Samples
(Wet Weight) Collected from the Baxter Springs/Treece Subsites with the Metals
Levels in Whole Samples Taken from Various Reference Locations

e |l -SAMPLE-SITES MITHIN-THE-Baxter- - - - - - - - e e
Springs/Treece SUBSITES

Upper-bound value sitewide (n = 10) 2.8 6.6 90.3
Arithmetic mean concentration sitewide 1.7 4.5 73.9
(n = 10)

REFERENCES SITES

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

-- Arithmetic mean 0.12 0.16 32.5
-- Upper-bound value 0.30 0.26 32.9
-- Range 0.02 - 0.27 0.10 - 0.24 32.1 - 32.7

Non-Cherokee County sites®

-- Range® <0.06 - 0.5 0.5 - 4.7 19.9 - 31.6

® These data were collected during the Rl field activities.

® schesinger, et al., 1974, Dames & Moore, 1989, and Smith and Rongstad, 1982.

° 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 arithmétic 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 that 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 o‘b:tajned as part of this study. Levels of cadmium, lead, and zinc in whole fish
collected from oh-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 §toret database. Information as to whether these reference sites are located
in a mining dis:trict similar to the Tri-State Mining District is not available in the Storet
database. Whiilef: thé 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 clevated relative to
the concentratiorfl of metals in reference samples. Table 5-11 shows that the arithmetic mean
concentration off 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 f'o‘r 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
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Table 5-11. Comparison of Concentrations of Metals in Uhole-Body Fish Samples (Wet Weight) Collected froa the
Baxter Springs/Treece Subsites with the Metals Levels in Whole Fish Samples Taken from Various
Reference Locations

l SAMPLE SITES WITHIN THE Baxter
oo || -Springs/Treece_SUBSITES . ... . — . _

Upper-bound value sitewide (n = 33) 0.3 5.1 115.0
Arithmetic mean concentration sitewide 0.2 3.5 92.2

1 . (n = 33)

| REFERENCE SITES®

| Neosho River at Chetopa (bottomfeeders) <0.05 - 0.3 0.2 - 1.4 12.0 - 67.5
Neosho River at Chetopa (mixed species) 0.06 0.4 NR®
Kansas River at Lawrence, Kansas 0.05 - 0.35 <0.1 - 0.2 53.7 - 7.0
(bottomfeeders)
Olathe Lake west of Olathe, Kansas 0.02 2.8 41.0 - 66.0
(bottomfeeders)
Various Locations in Kansas (mixed 0.05 - 0.4 0.5 - 1.7 15.1 - 81.4
species)

® 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) evaluate 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

i

The terrestrial biota investigations emphasized the evaluation of higher level consumers
(raptors and terrciastrial predators) and primary consumers (songbirds and small rodents). This
strategy was dcz\%eloped with EPA during the July 24, 1991 meeting. The focus was placed
on primary and higher-level consumers as they would provide sufficient data to assess the
general conditi'uén of the terrestrial ecosystem. General reconnaissance surveys were
undertaken to evaluate relative populations and species composition on and about the Baxter

t
Springs/Treece subsites and a control area for songbirds and small mammals.
|

co . . .
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 selected for comparative
primary wnsuxﬁer 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 with cropland margins
and non-tillable areas with native flora remaining only in the riparian bottoms and relic
woodlots.

5.6.2.1 Predators

i

Terrestlriﬁl predators of interest in the vicinity of the subsites primarily include
members of thé canid and mustelid families. These animals did not appear to exhibit a
distinct pattern gof avoidance of or preference for mine-related disturbances. The plot of
predator distancfe 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.
|

5.6.2.2 Terres‘trial Raptors

H
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 seéms 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 'tﬁese 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 pefcent) 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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Baxter Springs - 1 | Area close to mining-related A relatively narrow strip of second-
(BS-1) ' contamination growth introduced and invading woody

SONGBIRD AND SMALL MAMMAL TEST SITES

plants bordering cultivated fields to the
west and old fields to the east.

Baxter Springs - 2 | An area more distant from mining-related | Small woodlot of second-growth trees.

(BS-2) disturbances but well within the subsite
* | boundaries.

Treece - 1 (T-1) i Area close to mining-related A mostly wooded lowland area.
!'| contamination.

Treece - 2 (T-2) ! Area more distant from mining-related Entirely wooded.
i | disturbances but well within the subsite
boundaries.

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

Of the m?ore than 100 species of songbirds that could potentially occur on or near the
subsites (Thomﬁson and Ely, 1989), a total of 43 species were documented during the field
surveys (Table é, 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 obs}erved 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 species with 49 total
captures. BS-2 has the highest trap success rate with a total of 23 captures (11.5 percent),
while BS-1 had:a trap success rate of only 2 percent. The control, T-1, and T-2 sites had
relatively consi:stent 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, oxlly four white-footed mice were captured in BS-1, which is principally a
narrow Strip of;windbreak and brushy invader plants adjacent to an old field. The only
apparent inoongfruity of such reasoning is that the woodland niche normally filled by the
white-footed motuse was not filled by the deer mouse, a non-woodland resident. It would be
expected that th;é old field adjacent to BS-1 would have supported deer mice that could then
have been attrac{ted to the trapline. However, there is no way to validate this hypothesis, as
no deer mice weire observed in the old field.

|
5.6.2.5 Other Wildlife

|

|
|
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 GLDWP, 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 j)opulaﬁons 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 notia:e;.ble differences between control (off-site) and on-site stations existed. Based
on professionai judgment and currently existing information previously presented, the
terrestrial wildljfe community in the Baxter Springs/Treece subsites appears to be normal in
comparison w1'th the control area and in relation to what might be expected in Cherokee
County. The:ré seem to be no obviously missing wildlife groups or poor population levels
among those g;rloups which could be considered most susceptible to heavy metal contamination
(e.g., primary and tertiary consumers).

5.6.3 Aquat:i(,l Receptor Survey Methods

|

|
The q‘uLﬂity of aquatic habitat and potential for aquatic species to inhabit streams

within the -sub§itcs_ are important inputs to the exposure assessment of the environmental
evaluation. H:abitat 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 othe:r} 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 Rapid 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 fstream segments were identified based on stream channel morphology and
stream flow fof 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 ar,{d stream segments were evaluated to assess fish community composition and
health by dete;i'mining fish species diversity, size or age-class distribution, and condition
factors (measmf'e of plumpness or well-being). Ponds were sampled by a combination of gill
nets, electroﬁslfling (along the shoreline), and minnow traps. Minnow traps were essentially
the most produ:ctive 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 yieldedr fish from each aquatic sampling location except for Ballard Pond.
Condition factors were calculated for the larger fish collected using references cited in

l
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 er al., 1975)). A condition factor of 1 or greater indicates
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Table 5-12. Results of the Baxter Springs/Treece Subsites Stream Habitat Assessment

Bottom substrate/ available 0 (poor) 15 (good) 3 (poor) "
___|i_cover , |

Embeddedness _ 0 (poor) 8 (fair) 0 (poor)

Stream flow ) 0 (poor) 4 (poor) 2 (poor)

Channel alteration 3 (poor) 4 (fair) 2 (poor)

Bottom scouring and 3 (poor) 4 (fair) 5 (fair)

deposition

Pool-to-riffle ratio 3 (poor-to-fair) 15 (excellent) 0 (poor)

Bank stability 10 (excellent) 8 (good) 8 (good)

Streamside cover 8 (good) 9 (excellent) . 4 (fair)

Bank vegefative stability 10 (excellent) 8 (good) 8 (good)

OVERALL RATING 37 (poor-to-fair) 75 (fair) 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. Summary of Condition Factors by Species

white crappie 1.2 - 2.9 0.55 - 2.3
. .Jl-Green_sunfish___ . __}_ _.._ _ 1.6 - 3.4 i.5 - 2.1
Bluegill 1.5 - 2.5 1.0 - 3.5
Warmouth 1.9 - 2.3 1.7 - 2.3
Largemouth bass 1.0 - 1.9 0.9 - 2.0
pPumpk inseed 2.1 - 2.6 1.9 - 2.0

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

to southeastern




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, Sprirflg 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 Sprihg Branch (SB-B) were completely dry with an established stand of terrestrial
vegetation (grajsses) extending throughout the stream channel. Ponded or pooled water with
little flow was %:haracteristic of stream segments downstream (SB-A) to the Spring River. At
sampling statioh SB-1 (Final RI presents details concerning the location of all stream stations
and segments),i bottom substrate consisted of approximately 40 percent rubble or gravel and
appeared to ha;ve 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 c:fs;). This segment also exhibited moderate deposition of gravel and minor
accumulations l)f silt in the pools. Streamside cover consisted primarily of shrubs with a tall
canopy of trees. The bool-to-rifﬂe ratio was estimated to be 3 with a variety of habitat and
adequate depthf in the pools to provide habitat. The overall quality cf this segment was
estimated to bcfe fair, primarily based on the available substrate, which is conducive to benthic

invertebrate prfoductivity, the pool/riffle ratio, and streamside cover.

|
}

One locfation on Spring Branch (SB-2) was sampled for fish. Green sunfish ranged

in length fromf56 mm to 155 mm representing four age classes: age class I for the 55 to 64
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mm fish, age class II 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-éite 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
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 extends; from the Spring River upstream for approximately 1.5 stream miles; (2)
segment WC--]#, 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 approx:'itﬁately four stream miles upstream of the Spring River and includes the
remaining stream length.

;

The lovaer reach of Willow Creek (WC-A) receives recharge from limestone bedrock
and appears tof provide the best opportunity for establishment of a fishery based on the depth
of water and apparent permanency of stream channel inundation. As previously mentioned,
this segment‘é)f 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
surrounded byf fines or sediment The channel lacked evidence of recent scouring, as it
contained heavy depos1ts of fine material with a portion of the pools partially filled with silt.
The pool/riffle ratio was greater than 25 with occasxonal 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 quality 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 natufal 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-1a on Figure 2-1, is
generally described as an artificially created impoundment (no stream flow) providing
adequate habiéat. The habitat was created when an earthen-berm stream crossing was
established (nd culvert). Field personnel indicated that this stream-crossing was not present

60 days earlier.

The saxhpling of WC-1a resulted in a total of 56 fish including 36 bluegill, five green
sunfish, five w:armouth, three redear sunfish, three largemouth bass, one white crappie, one
spotted sucke:ri, 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 O for the
55 to 84 mm ifish,- 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 on-!site len'gthéfrequency 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 Crefek at WC-1a 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
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 exmnhs from the Oklahoma/Kansas state line upstream to a point near surface water
monitoring sulﬁon TC-2; TC-B, which extends from surface water monitoring station TC-2
upstream for gpproximately 0.75 stream mile; and TC-C, which covers the remaining

upstream segment of Tar Creek.

During fthe Fall assessment, the lower reaches of Tar Creek (Segment TC-A) were
observed to pro;vide sporadic ponded water lacking flow. A 100-meter segment of Tar Creek
immediately upstream from TC-3 was selectéd as a study site representative of lower Tar
Creek. The wilter 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 primg.fily of sand or silt with less than 10 percent rubble, gravel, or other stable
substrate and, vi\)here 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.

The pool/rifﬂé 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 (%,rosion within the study site. Over 80 percent of the stream bank was covered
by vegetation, Ewhich was dominated by tall grasses. This segment provides only limited
aquatic habitat primarily based on the stability of bank vegetation and streamside cover,
which providesE 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
terrestrial vegleiation established throughout the channel. The stream channel within the TC-2
area containec éome small pools; however, no flowing water was observed and there was no
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 goc»di condition. All fish appeared healthy with no evidence of external parasites
or stress. The; 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 Tar Creek. As the stream dries up, fish are forced to migrate downstream. The

fish sampled fr:'om TC-3 reflect the compression of upstream habitats during dry conditions.

5.6.4.4 Subsite Ponds
Four ponds within the Treece subsite (TP-3, TP-5, TP-6, and TP-7) and two ponds
within the BaJéter 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.
o
|
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Treece subsite tailings pond TP-6 sampling resulted in a total of 52 fish consisting
primarily of g;réen 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). Urﬁ@enﬁﬁable 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 O year class. Other age classes

represented were age I (six fish), age II (one fish), and age III (one fish).

TP-5 sampling resulted in a total of 85 green sunfish ranging in length from 29 to 87
mm. It shouid be noted that this pond was sampled using minnow traps only. The frequency
of occurrence Jeof 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
older) could a;lso suggest premature mortality as a result of severe water level fluctuations

and/or toxicity.

The Bffewster Pond (BP-3) sampling results indicated an established population of
green sunﬁsh{(77) ranging in length from 40 to 84 mm. Green sunfish in this size range
(ages 0 and I) 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 %ampling results indicated strong naturally reproducing populations of green
sunfish and Bluegill The length distribution of green sunﬁsh indicates possibly two age
. 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 reprPsented for bluegill; age O for fish of 35 to 49 mm and age I for fish of 50 to 79

!
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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 II (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 té)lack bullhead and green sunfish were 1.4 and 1.6, respectively. All fish
appeared healtl{y with no evidence of external parasites or physical or chemical stress.

Age class data available for fish collected from subsite ponds appzar 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. éThe minnow traps were essentially the most productive method used, thus
skewing the sarrflpleS 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. Assessraent 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 occur? and the measurement endpoint might be to
compare measured or estimated dose levels to toxicological 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., LCs,
values). Thus, measurement endpoints provide the means by which risk assessors can
determine if ecdilogical receptors have been significantly affected. This section discusses the
ecological endpoints that were used to determine if adverse ecological impacts are possible

for populations inhabiting the Baxter Springs/Treece subsites.

Ecologicfal endpoints for individuals can include changes in typical death, growth, and
fecundity rates (?)r changes in tissue concentrations and behavior. Endpoints for populations
include alteratic&ms in occurrence, abundance, behavior, reproductive performance, and
age/size class structure. Community-level endpoints can be assessed by evaluating the
numbers of speci:ies as well as species diversity and relative abundance indices. Ecosystems
endpoints, as ai whole, include biomass, productivity, or nutrient dynamics. Table 6-1
outlines specific?: ecological endpoints that were used to evaluate potential adverse effects
associated with contamination at the Baxter Springs/Treece subsites. These endpoints are
loosely divided, 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

Could a significant reduction in 1. Compare estimated or measured dose levels or exposure concentrations to toxicity
population of key aquatic and reference values for the same or similar species. Toxicity reference values are
terrestrial species occur? designed to reflect potential reproductive, behavioral, and developmental effects,
. since these effects could influence population stability. Evaluate field data (e.g.,
e fish _condition factors and distance from mine-related disturbances for terrestrial
receptors) as another means of assessing potential chronic effects.
Could intake of metals result in 2. Compare estimated dose levels with chronic toxicity reference values available in the
chronic toxic effects in terrestrial literature for the same or similar species.
or aquatic populations?
Are gross signs of acute toxicity 3. Individuals sampled have distinguishable signs of gross morbidity/stress.
present?
Do sufficient prey exist to support 4. Determine if gross or frequent mortality of invertebrate aquatic organisms, which
higher-level organisms? 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.
4. Has community structure been - 4. Determine if specific areas are void of vegetation, aquatic, or terrestrial species.
obviously impacted?
Determine if site community structure differs substantially from reference site
community structure due to mining-related versus habitat-related differences.
5. Have significant community level 5. Types and numbers of plants and animals observed on-site vary significantly from the
transformations occurred in plant types and numbers expected to occur on-site as determined by biosurvey data and
and animal systems? literature reports.
6. Is water quality in on-site streams 6. Compare site-specific water quality data to chronic toxicity reference values for
insufficient to support a diverse species known or expected to occur in on-site water bodies.
natural aquatic community?
7. Have significant habitat 7. Use biosurvey results to compare on-site habitat to nearby undisturbed (reference)
modifications occurred? habi tat.




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

8. Are significant reductions in 8. Compare estimated or measured dose levels to toxicity reference values for
reproductive fitness of key reproductive effects obtained for the same or a similar species.
terrestrial and aquatic species
probable?

9. could TRE species that may occur 9. Evaluate the probability of broad toxic effects exists as determined from a comparison
onsite be adversely impacted? of chronic toxicity reference values for the same or similar species to dose

estimates.
10. [ Are soils phytotoxic? 10. Comparison of minimun and median toxic concentrations reported in the literature to
S : 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 populaﬁons were not sampled during the Rl, since the original intent of the RI aquatic
sampling program was to collect fish samples and to evaluate food chain effects.

Similarly, ecological endpoints for terrestrial receptors were intended to evaluate
potential advefse effects on higher-level organisms (predators) and to evaluate food chain
effects. Evalufating food chain effects involves assessing whether effects on one population
could cause e,f,ifects on other populations that either feed on the first population or are prey
for another pojpulation. The ecological endpoints outlined in Table 6-1 were designed to
protect populaéions and to ensure the long-term integrity of the ecosystem. In this context,
loss of some ;individuals is acceptable if there is a reasonable assurance that the entire
population wﬂi not be adversely impacted. This approach is supportec by Barnthouse and
Suter (1986) w!/ho state that "ecological risk assessments used in decision making should be
based, to the ?greate’st extent possible, on objective estimates of ecological damage (e.g.,
probabilities -o:f po gulag'on-extinction'or reductions in abundance of plants and animals)."

b

i
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These endpoints provide a benchmark for comparative purposes. Ecologic endpoints
are only relative guidelines for prioritizing potential effects and should not be utilized as rigid
standards (personal communication, EPA Region VIII, Chief Toxicologist, Chris Weis, July,
1992). ][-Ience:,! no one ecological endpoint can or should be used to determine if adverse
effects to exposed populations are likely. Both results of field surveys and the toxicity
assessment repl:esent 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 all 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 toxicological data and to

estimate chronic toxiicity 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.

e Since nof recent continuous spills or releases have occurred, current receptors have
most likely adapted to their long-term exposure to site-related metals.
¢  Chronic ;effects are a better measure of long-term impacts than acute effects.
|

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

the various data tables included in this section.

|
l

I

~ The first stepf in the toxicity assessment is to calculate toxicity reference values (TRVs).
A TRVisan exposufe estimate for a receptor group, including sensitive subgroups, establishing

levels of exposure nllot likely to cause appreciable deleterious effects from chronic exposure.
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Typically, ecological risk assessment assumes that if the TRV is not exceeded, the species of
interest will be protected (Suter er 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 unceﬁﬂnty 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 nuherous 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 sit:é-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

t
Human heal%h toxicologists are routinely confronted with the problem of attempting to

represent human tox;icology‘(deriving health-protective toxicity values) based on animal studies.
Ecotoxicologists rniust also address such concerns. Although extensive aquatic toxicity
information is availéble, deriving meaningful toxicity reference values for terrestrial organisms
is difficult because ;Of the absence of data, especially for avian species. Nevertheless, it was
necessary to develofp appropriate toxicity values for avian, mamnialian, and aquatic receptors

t
in the ERA. |

The derivat:icim of TRVs depends on whether the desired toxicological 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 in some manner to
account for scientific data gaps. For example, if toxicity data for the endpoint, 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 RECEFTORS

Toxicological benchmark data that specify an LCs,, the concentration causing death in
50 percent of exp0$ed 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 b;enchmark data (LCsg) 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 subsite 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 lifespanz (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 followingi,brief exposures (Suter et al., 1987).

In this asses.sfment, EPA-recommended procedures described in Stephan et al. (1985) were
used to predict chrzonic TRVs from acute LCs, data for metals of concern for key aquatic
organisms. To be ﬂlrotective 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 ito contaminant exposure-than most others). As these sensitive species may
or may not be preseltlt 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 injthe 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
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 4.1x107 mg/L,
respectively, at 100 mg CaCO,/L. Federal AWQC are not available for ircn and manganese.
Levels of manganetse 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 irapacts 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 delte!;:cted was conservatively considered a COC (see Section «.3). Iron toxicity
reference value is c:onsidered 1.0 mg/L. The diagram in Figure 7-1 depicts the steps involved

in calculating the site-specific TRVs.

Site-speciﬁciTRVs were calculated using EPA methodology (Stephan ez al., 1985). EPA
developed this met}:lod for deriving numerical values for the protection of aquatic organisms.
These site-spgpiﬁc iwater 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 ar:e those that cannot tolerate high concentrations of contaminants. In other
words, they are like}ly 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 saJmonidEs and cladocerans, that are generally quite sensitive to elevated metals
concentrations. Only those species or genera considered representative of ¢phemeral streams
of southeast Kansa{s; were selected for the site-specific toxicity assessment. A listing of these

species for each metal of concern is provided in Appendix A.

Various site;specific 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 CaCO4/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 toxicity of metals,
Federal AWQC were adjusted to a hardness of 50 mg CaCO;/L to facilitate comparison between
metals with criteria on a common scale. As such, the Federal AWQC are intended to protect
all aquatic organisrhs in all surface water bodies. However, in so doing, these criteria may
actually be overly ;pfotective 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 estab)liishing the typically conservative AWQC to be more protective of aquatic life

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 hardnfess of 50 mg CaCO4/L. Hence, relatively high water hardness measured
in on-site surface vv#ter bodies is likely to substantially ameliorate the toxicity of the metals of
concern. Furtherrnfore, subsite streams and ponds are inhabited or potentially inhabited by
species known to lbfe relatively tolerant of elevated metals conceritratioris (e.g., warm water
species including cetntrarchids and ictalurids). Therefore, the use of AWQC based on more
sensitive species and adjusted for a hardness of 50 mg CaCO;/L would yield overly protective
TRVs for the subsite streams and ponds. To calculate TRV that more accurately reflect actual
site conditions, toxiicity data were used for species known or suspected to occur onsite given
habitat limitations (ile., ephemeral warm water streams). These data were then applied to the

i

approach developedf by EPA (Stephan er al., 1985) to determine site-specific water quality
i ' .
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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 (SMAYV) and a Genus Mean Acute Value (GMAYV) 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 metals. 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 gene:rizl (i.e., the genera with the lowest GMAV) up to "n" for the most tolerant
genera (i.e., the geném with the highest GMAV), where "n" represents the number of GMAVs
calculated for that imetal. The cumulative probability for that metal was calculated as
Rank/(n+1). The f(f)ur GMAYVs 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. ;
:
|

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

data available in the

|AWQC documents for organisms known or suspected to occur within the
subsite streams and piondsAwere 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,¢), t}fle Kansas Department of Health and Environment (KDHE) (1992), and
results from the remle[dialrinvestigation field efforts conducted in 1991. According to the KDWP
(1992b,c¢), aquatic ve‘rtebrates most likely to occur in ephemerﬂ streams of southeastern Kansas

include yellow bullt{ead,‘black bullhead, green sunfish, black-striped topminnow, bullhead
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minnow, bluntnosé 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

Creck (KDHE, 1980). The aquatic invertebrate species collected were mayflies, stoneflies,

aquatic beetles, flies, mosquitoes, midges, dragonflies, damselflies, and water bugs.

The GMAYVs 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 usi?njg equation 7-1. Toxicity data presented in the AWQC documents not
representative of sﬁecies known or suspected to occur onsite were excluded from the calculations

of site-specific FAEVS.

Toxicity values for species known or suspected to occur onsite and the specific
calculations and to:idcity data used to derive site-specific FAVs are presented in Appendix A.
The FAVs for ea«:}il metal are summarized in Table 7-1. The FAVs, which at this point are
based on the defaul:t hardness of 50 mg CaCO,/L, are adjusted to reflect the mean hardness of
all on-site waters (1:90 mg CaCO3/L) using the metal-specific equations (7-2 and 7-3; Appendix
A) obtained from the respective AWQC documents.

The FAV vi'as then converted to a final chronic Qalue (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 ac:ute_-_to-chroriic ratio was calculated by EPA for a given metal for each species
for which both acute émd chronic data were available from the same test. A geometric mean
acute-to-chronic ratlio was calculated for the subsite surface waters using the individual acute-to-

chronic ratios (prmf'ided 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

FAV
Adjusted to
Final Acute ln (Y- a Hardness Final Toxicity
Value Intercept) of 190 mg Acute-to- Chronic Reference
(FAV) Pool based on 50 CaCO5/L Chronic Value Value
Metal® (ng/L) Slope mg CaCO,/L (eg/L) Ratio Gig/L) (mg/L)
Cadmium 34.451 1.128 -0.873 155 TS r.92 0.008
Mercury 17.004 NAS NA® 17 3.3 4.56 0.005
Nickel 404%9.879 0.846 5.000 12,530 17.99 606.48 0.7
Lead 256.152 1.273 0.566 1401 51.29 27.32 0.03
Zinc 1013.954 0.847 3.607 3142 2.21 1423.21 1.4
Iron NA® NA NA NA NA NA 1.0
®  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.
€ Hardness ddes 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).
calculations.

See text for alternative

A site-specific TRV for iron was not calculated, since the Federal AWQC valuz 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 cadmiurn) by dividing the
FAV (adjusted for a hardness of 190 mg CaCO4/L) by its geometric mean acute-to-chronic ratio.
Acute-to-chronic ratios were not calculated for cadmium by EPA. Hence, an alternative method
was used to derive an equivalent cadmium TRV for the subsites. The adjusted FAV listed in
Table 7-1 (as calculated from the GMAV:s 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-spéciﬁc 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 lowest concentration
causing a statistical;ly 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 er al. (1985). The acute-to-chronic ratios used for each metal and their
corresponding FCVs are listed in Table 7-1.

Regression e:quations that provide estimated MATCs have been developed for aquatic
vertebrates (Suter eft al., 1987) and for aquatic invertebrates (Suter, 1986). The regression
equation for aquatic IIvertebrates (Suter er al., 1987) yielded a more conservative (lower) MATC
than the equation forI invertebrates (Suter, 1986), and was used to develop a MATC for cadmium
that would be protecltive of all aquatic organisms. This adjusted MATC, which is listed in Table
7-1, was used as the TRV for cadmium.

In summary,i thé site-specific criteria for each metal of concern was calculated by
following a step by s:tep approach as described early in this section. This approach involved the

!
use of several data evaluated and calculated by EPA. LCs, 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 CaCO4/L to
more accurately reflect the toxicity of the various metals considering hardness generally
ameliorates metal tbxicity. 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 toz account for these scientific data gaps. For example, toxicological data
measuring a chronicj leffect in mink are not available, while data for other related species were
available. Use of tox1c1ty data for surrogate specws (i.e., for species other than the species of
concern) and for effects other than chromc effects introduces uncertainty into the toxicity
assessment calculaupns. The magmtude of that uncertainty depends upon (1) the degree of
taxonomic differencIé 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 aré often dealt with by applying order-of-magnitudé uncertainty factors (UFs). The
application of multiple order-bf—magnitude UFs has its historical roots in the calculation of

"acceptable da11y mtakes" (ADIs) to determine safe levels of contaminants in food (Lewis et al.,
1990). For example,r in human health risk assessment an UF of 10 is usually applied to account
for variation in sensitlvmes 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 f:lthr of 10 is often applied td 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 efﬂueilt at low-flow conditions while debilitated by stress (Barnthouse and Suter,
1986). Clearly, the aforementioned eitample rei)resents an extremely conservative scenario that
is unlikely to consistently occur in an ecologic system. Thus, under the original method, UFs
were not "best estir:nates" of the true No-Observable-Adverse-Effect-Level (NOAELSs) 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:

. . Benchmark Value
Toxicity Reference Value (7-1)
el (UF1 x UF2)
where: UF1 (is an adjustment factor to account for anticipated clifferences in the

susceptibility between the key species of concern and the test population (i.e., to
account for interspecies variability).

UF2 us used to extrapolate data from acute or subchronic studies to chronic
tox1<‘1ty estimates. This factor 1}s predicated on the expectation that continued
exposure at a given dose rate w111 produce increasing effects that may not be
evident after subchronic exposure. Again, subchronic exposures are defined as
those!lastmg less than 10 percent. of the animal’s lifetime (Suter ez al., 1987).
t
|
Thus, subchronic or acute data for surrogate spefcies were used only after they had been adjusted

(through the applincai'ltion of specific uncertaintyE factors) to reflect chronic effects for the key
species of concern. i

i

|
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Even though cobalt and manganese were identified as COCs in near-pilé soils, copper and
|

mercury were Cf‘)Cs in air, and copper, iron, manganese, mercury, nickel, and silve’r were
identified as COés in subsite ponds in addition to cadmium, lead, and zinc, terrestrial reeeptors
were assumed to be exposed to cadmium lead, and zinc only. At the time mice and ﬁshl1 tissue
samples were collected cadmium, lead, and zmc were suspected to be the: most prevalent and
potentially toxic s1te—related metals. Hence, ‘trssue samples were analyzed and dose estrmates

for terrestrial rec eptors are presented for thes\e three metals only. The uncertainties assoc1ated
with excluding other COCs is discussed in Section 9.0.

- a
| N
Lowest-Ob§ervable-Adverse-Effect-Level (LOAEL:s), or the lowest concentration that
causes a signiﬁcant adverse effect in test organisms, available for various avian and mammalian
species used as :stzrrrogates for raptors and the mink are presented in Tables 7-2 and 7-3,
respectively. Data on the toxicity of cadmium, lead, and zinc to the red-tailed hawk an“d the
barred owl was not available, so data for surrogate avian species, including quail, chlckens
doves, pigeon, ducks ‘kestrels, chicks, and mallards had to be used (Table 72) The reported
LOAELSs based on Ioral administration varied by a factor of three for zinc to a factor of 370 for
cadmium. These data show that there is a trenlrendous amount of variability in the response of
various laboratory %man species following exposure to lead. Similarly, studies evaluatmg the
toxicity of metals to the mink were not available, so data on the toxicity of cadmium, lead,: and
zinc to rats, mice,g rabbits, sheep, pigs, and ,ldogs were used (Table 7-3). For mamn"tals,l
published LOAELs 3van'ed by a factor of 470 fér cadmium, by a factor of 33 for lead, and by
a factor of 7 for zmc These data show that there is a tremendous amount of variability i m the
response of varlousfmammahan and avian specres following exposure to some metals.

;
| .

l

! ;

; '

i

l ;
ot

|
|
i
[
i
|
|
|
i

|
\
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CADMIUM [
Japanese quail (young) .. - ~? . e B ] ———42-days™ T ""'Veﬁf?féﬁé;Ty;;trowy; anemia; Richardson et at., 1974
Ll ]l-gCoturinex.coturinex)~~ " | "~ testicular and bone marrow hypoplasia
chickens - 7 s NA® NA Reduced body weight; anemia Freetand and Cousins,
1973
1-week-otd Wood Ducks 100 7 90 days Severe kidney lesions Hayack et al., 1981
(Aix_spousa)
Mallard ducklings 14.6¢ 36 90 days Significantly lower hemoglobin levels; Cain et al., 1983
(Anas_platyrhynchos) sever kidney degeneration
1-year-old Mallards 210 40 90 days Decreased kidney weight; suppressed egg white et al., 1978;
(Anas_platyrhynchos) production. White and Finley, 1978
D —
Hens 50 NA NA . Reduced-egg-production” Anke et al., 1970
I |7 B
Mallards 5 NA 21 days Depressed blood ALAD activity; Demay et al., 1982
{Anas _platyrhynchos)
1-year-old Mallard Drakes 21.6 (as lead 20 12 weeks 40% reduction in blood ALAD activity Finley et al., 1976
(Anas_platyrhynchos) acetate)
Chickens ' 300 NA NA Decreased growth Demay et al., 1982
Mallard 151 NA NA Depressed blood ALAD activity; some Dieter and Finley, 1978
(Anas platyrhynchos) deaths
Mallard 25 NA 12 weeks Depressed blood ALAD activity finley et al., 1976
{Anas_platyrhynchos) (as lead nitrate) - _
Japanese quail 2s- NA NA Death.. ‘Eister, 1988 ||

Table 7-2.

Toxicity of Metals to Avian Species®

{Coturinex japonica)

'-(as tetraethyl
L ead)




Table 7-2.

Toxicity of Metals to Avian Species (Continued)

Duckt ings

(as zinc sulfate)

American kestrel 50 (as lead NA 5 months  Blood ALAD reduced 80% .| - Franson et al.,—1983—
(Falco sparverius) powder) 7 : e i i s Sr T T (cited in Eisler, 1988)
American-kestret-— """ T Tze T NA 10 days Reduced blood ALAD Hoffman et al., 1984
nestlings - ’ ‘ (cited in Eisler, 1988)
(Falco sggrver1us)
Chickens (Gallus sp.) 1850 (as lead NA 4 weeks Growth rate suppressed 47% Franson and Custer,
acetate) 1982 (cited in Eisler,
1988)
Ringed Turtle Dove 75 (as lead NA single oral Some deaths; kidney damage Kendall and Scanlon,
(Streptopelia risoria) acetate) dose 1982 (cited in Eisler,
1988)
ZINC
—————
7-week-old Mallard 3000 50 | 45 days____| -Decrease-in-gonadal weight; paraly51s- Gasaway and Buss, 1972
Duckl ings el —eoe——— |/ anemia
—(Anas glat;rhzgchos)
2-week-old Chicks 1000' 88 28 days ‘Pancreatic lesions Dewar et al., 1983
(as zinc oxide)
3-day-old Peking 2500 130 56 days Cellular atrophy; pancreatic lesfons Kazacos and van Fleet,

1989

5 LoaeL =

Aeomad s

= data not available

lowest-Observable-Adverse-Effect-Level.

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

All doses were administered oratly.

The LOAEL for the Mallard ducklings was selected since {1} thiey represent an early (and probably more sensitive) life_stage.and-(2)--the

e2sscciated test was of the longest duratnon even though the mallard (an Anseriform) is not as closely related to the raptors (Falconiformes) as

the quail (a Galiform).

the test species represents an early (and probably more sensitive) life stage (nestling).

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 LOAEL for the chicks was selected since (1) all three _values .are. for young-individuals that probably represent a more sensitive life stage,
—and_(2)_chickens. (Gallformes) are more closely related to raptors than the mallard or the duck (Anseriformes).




e e e e - i

@

Table 7-3. Toxicity of Metals to Terrestrial Masmals®
CADMIUM :
Mice i 4 weeks 0.95° Ogoshi et al., 1989
Rats | 82 - 90 weeks 1.8 Fingerle et al., 1982
! i
Rats | 2 months 31 Wilson et)al., 1941
‘ :
Rats | NA 10 SChroeﬁer and
‘ Mitchener, 1971
I 1
Rabbits 6 months 15.5 (in drinking water) Stowe et al., 1972
Lamb | NA 60 Doyle et al., 1974
Pigs i NA 450 Cousins etial., 1973
LEAD
pog | 180 days 3d Clark, 1979
T
Dog | 12 weeks ] 100 Clark, 1979
1 |
Dog { 12 weeks 100 (as lead acetate) Maxfield et al., 1972
Rabbit | N/A% x >5 Barth et al., 1973
Pregnanﬁ 59 days 9 (as lead acetate) James et él., 1966
sheep :
Rat { NA 25 (as soluble lead Schroeder and ‘
| salt) Mitchener, 1971 ‘
t
Rat L 20 months 5 Kopp et al., 1980a,b z
zing ! | |
: - ;
Mice : 5 - 14 months ! 38° Aughley et al., 1977 i
i
Rats i NA® { 50 Fahim et al., 1975 i
| % (cited in Venugopal !
o i and Luckey, 1978 X
Rats | 73 days |\ 250 Kinnainon, 1963 i
i

i
i

|

. . | ‘ .
These data:uere used to derive toxicity rﬁference values for the mink.

i
LOAEL = Loyesg-Observable-Adverse-Effect-Uevel.

H
|

'

i

This LOAEL:was selected since both rats and mice belong to the order Rodentia (i.e., one spécies

is not more closely related than the other?, and the mice value was lower than the rat valug.
The LOAEL for the dog was selected since d?gs 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
value. | i

| . T

the loueét

NA = data éot available

J
i !
!

|

1




P
. )
e o
|
| | ,
The best study was selected using the followmg criteria suggested by Dr. Glen Suter of
Oak Ridge thlonal Laboratory (personal communication, December 2, 1992) Ideally, tests |

involving ammals 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 f
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 lhat are closely related
(taxonomlcally)lcan serve as surrogates for those specres expected to occur on site if insufficient -
toxicity data exists for those key species. It is, therefore, possible to select one or more of the
commonly teste%d species as surrogates for species found at a site dunng the assessment of
toxicity (U SEP;}, 1992). The intent of surrogate species selection is to minimize physrplogrcal -
differences bet\»!/een species potentially occurring on site and those from swhich there is an
abundance of tox1crty data. Hence, it was not necessary to arbrtrarlly select the lowest
benchmark value available.
|

Using the\se guidelines, the data noted (see footnotes) in. Tables 7-2 and 7-3 were used
to calculate TR\tls (Table 7-4) for the raptors and the rnink, respectively. If not specifically
stated, all LOAIE:Ls,were assumed to be based on oral administration, since this is the standard
route of adminis;tration of terrestrial toxicity tests. For the raptors, the LOAEL for rinallard
ducklings (14.6 lmg/kg-day) was selected from the available cadmium data since (1) the
associated test was of the longest duration, zlmd (2) ducklings represent an early and probably
more sensitive 11fe stage even though the mallard (an Anseriform) is not as closely related to the
raptors (Falcomformes) as the quail (Gahformes) Similarly, the LOAEL for the Amencan

Kestrel or sparrow hawk nestlings (25 mg/kg day) was selected from the available lead data

since (1) the test specres represents an early hfe stage, and (2) the kestrel and the eagle are both

Falconiformes. Flnally, the LOAEL for the‘ chicks (1000 mg/kg-day) was selected from the
available zinc toxrcrty data since (1) the two- week old chicks probably represent a sensmve life
stage, and (2) chlékens (Galiformes or grouse-llke birds) are more closely related to raptors-than
the mallard (Ansenform) For the mink, the‘LOAEL for mice was selected over the L(DAEL
for rats for cadmlum (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 specresl is not more closely related to the mink than the

l
Ny
1
!

7-17

B:\Ecosec?.FD5 (03/2'.4(93)
i

|
)
fl



@

Table 7-4. Toxicity Reference Values for Terrestrial lleceptors"

i
|
|
1
|
1
;
; .
l
1

l ; ‘
LiteraturelValue : Toxiéity Referencé
Selectqd Uncertainty ; value
Metal (mg/kg-day) Factor (mg/kg-day)
RED-TAILIED HAWK l » "
Cadmium | 11..6\ 9° . 1.6 ,
Lead | 2 | 9 . 8.3 5
Zinc s 1000 9 m
BARRED (ﬂiL :
Cadmium 14.6 \ 9 1.6
Lead : 25 i 9 % 8.3 :
Zine | 1000_| 9 111 !.
MINK ‘! ] |
Cadmi um ’i 0.95 | .9 . 0.1
Lead § 3 9 . 0.3
Zine ' 38 9. 14.2
f ‘

UF1 (in'y:erspecies extrapolation) = 3 and UF2 (acute-to-chronic extrapolal:ioﬁ)

= 3, since the test duration was not lo]nger than 10X of the animal’s lifestirﬁe.

i
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belong to the- order Rodentia (i.e., one species is not,more closely related! to the mink than mél

other), and (. 2) the mice value was lower (more conservative) than the rat value The LOAEL
for the dog (3: mg/kg-day) was selected frlom the available toxicity data for lead since (1) dogs.
are more closely related to the mink than rabbits or rats (both the do% and the ;mink arei
Camivores), a;nd (2) the test for the dog was of the longest duration.
| | | |
Once the. single "best" toxicity data had been selected, it was nex:essary to adjust these

values by appl‘ying UFs to reflect the key ispeciés of concern and to reﬂec’:t chronic exposures |

(i.e., to apply an interspecies and an acute-to-chronic extrapolation factor, 1f necessary) Lewis

et al. (1990) e'valuated numerous studies regarding toxicological extrapolatwns from animals to

humans in an effort to determine more representative UFs. Although the focus of Lewis er al.

(1990) is on animal-to-human extrapolations, their theories and conclusiohs apply equally to

animal- to-animal extrapolations, since the terrestnal species evaluated in ERAs are often more
closely related to the species for which tox1cologlcal data are available than humans TRVs for
terrestrial receptors were derived for each metal using Equation 7-1 and the followmg values for
UF1 and UF2: | |

UF1: Lew1s et al. (1990) reported that UF1 may range from <1 to 10, with values of
- one to three being most hkely\ A value of 10 indicates a high susceptlb1hty in the
key species versus the test populatlon while a value of less than or equal to one |
1ndlcates the test organism was more sensitive than the key receptor spec1es A
value of 3 was used for UFl |

UF2: We11 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 three was adequate 73 percent of the time. Extlrapolatmg 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 1nd1v1dua1s
Therefore a value of 3 was| used to extrapolate subchroni¢ data to estlmate
correspondmg values for chronic exposures. ‘
. ! !
i . ‘ : ; !
In addition, srncef the data upon wh1ch these extrapolatlons are based are lognormally dlstnbuted
and three is a mrd-pomt of a lognormal dlstnbutlon (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.

|
|

l 7-19

t
B:\Ecosec7.FD5S (03/2,4/93)
|

| D

3 - i R



@ @ |
7.4 TOXICI%I‘Y REFERENCE VALUES FOR AMPHIBIANS ‘ ;
. t[ ) | : . ' ' | a
Potentisal adverse effects to T&E sp:ecies were evaluated since the northem spring peeper'{
has des1gnated critical habitat within mine-impacted areas within the subsités and lelow Creek i
and Spring B}'anch flow through designated critical habitat for several other T&E species, l
primarily amp;hlblans Toxicological data for the specific T&E species of interest (1 e., thev;
species that cquld occur onsite or the species whose critical habitat could be affected by site-
related metals)iwere not available, so data for surrogate amphibians were tised. Table 7-5 lists
the toxicity data for amphibians that were }Jsed to quantify potential adversfe impacts to subsite
T&E species. As for terrestrial receptors, it was necessary to apply an interspecies and acute-to-
chronic extrapczjlation factors to the available benchmark data to obtain chironic TRVs for the

|

species of condern.
&

Althouph more conservative UFs aIe typically used for T&E spemes, the T&E species

of concern are {state-hsted not Federa]ly—hsted The primary reason that the State of Kansas

listed these amphlblans is to protect the w)'esternmost range where they could occur, which

happens to extend into Cherokee County. ‘Since their population_numbe:rs are not threatened,

but their habita:t is limited, UF1 and UF2 were each set at three, which was considered

1

sufficiently conservative in this case. |
|
7.5 PHYTOT?XICITY OF SOILS ‘t
' |
It is not uncommon for metals in soﬂ to be phytotoxic at concentrahons less than those
that may result i 1n human health or other ecologxcal effects. Plants were a‘.sumed to be exposed
to metals in sodl as reported on a total metals basis. This is standard practice, smoe total
elemental concen’trauon is the form reported lby standard EPA-approved analytical methods It
should be noted however, that the given concentratlon of total metal will not be equally
available to all plants growing in different soﬂs The actual phytotoxicity of soils depends on
the pH and other: phys1ochemlcal properties of the soil, the chemical form lof the metal, and the

sensitivity of loc,al plant species. 5 :

i

t . ’ |
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Table 7-S. Toxicity Reference Values for Amphibians

Range of Toxicity ‘
, Exposure . LOAELs? Mean | Unceriainty | _Reference- —[-——————-—
. fi - Amphibian Species " |_. Life.Stage-—| -—Duration-~ -}~ ~(mg/Ly  *| T LOAEL Factor Applied | Value

T : ‘ (mg/L) (mg/L)

CADMIUM

Xenopus laevis . tadpole 15-75 hrs. 80 - 100 90 gb 10

COPPER

Rana pipiens ' tadpole life 0.06 - 0.16 0.11 3¢ 0.04

LEAD

Rana nigromaculata ' | eggs | tofirstcleavage | 70—} ———70—— -———gb 7.8
| MANGANESE |

Triturus cristatus carnifex N/AY | 19 - 23 weeks 5 5 3 ) 1.7

MERCURY

Rana nigromaculata . "~ tadpole ' life 0.4-0.8 - 0.6 3¢ 0.2

ZINC

Rana pipiens adult 15 days 155 155 gb 17.2

a

REFERENCE: Harfenist et.al.,~1989, — - - - - - - - -

LOAEL = lowest observable adverse effect level

* UF1 (interspecies extrapolation) = 3, and UF2 (acute-té-chronic extrapolation) = 3 since the test duration was not longer than 10% of the

animal’s lifetime.

UF1 (interspecies extrapolation) = 3, and UF2 (acute-to-chronic extrapolation) = 1 since the test duration was at least. 10% .of the-animal’s — -~ -~~~
difetime. L. e e e gl

Data not évailable.
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The median. concentration of‘ metal in soil reported to be phytotoxic": in either laboratory .

or field studies|was obtained from the literature. These data, which are l)resented in Tnble 7-6,
were used to clerive TQs for plants. The data listed in Table 7-6 were comp‘iled from numerous
sources and represent effects ranging from reduced growth to severe injury and death of vascular
plants. Use of crop yield reduction test data are the primary means of evaluatmg phytotoxicity
of metals (i.e. 8! LOAELs or NOAELs are not generally listed for test specres 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 5(e g, zinc‘ at soil
concentrations between 60 mg/kg and 960 r}ng/kg caused yreld reduction in vanous agronomlc
specxes ranging between 26 and 98 percent) Since the mean value is more susceptlble to the
number of tests the researchers conducted and the metals concentration used, the median
phytotoxic concentratron was used. The mean value has the effect of skewmg the data in the
direction of mostt research results. For exa'mple, if the researchers concluct studies primarily
with high metal !concentrations resulting in high crop yield reductions, then ‘the resulting mean
metal concentratlon would be high and would not be a good indicator of the average or low
toxicity value folr that metal. Hence, the medlan value was used, as it was considered more
representative of‘ the range of data shown to}be phytotoxrc

i" !

| |
7.6 TOXICITY: PROFILES FOR THE COCs
| . . | . ;
o ! \
'. ! ' !

1

Table 7- 7’ presents general 1nformat1:on and contaminant-specific -discussion on toxic
effects of the COCs evaluated in the ERA forithe BS/T subsites. Three categories of effects are
~ considered: phytotox1c1ty, toxicity to terrestrlal receptors, and toxicity to aquatic orgamsms
The values presented in Table 7-7 are not con’crete in that organisms and populatlons may adapt
to higher concentratlons without indications of adverse effects, and some organisms and certam

life stages may bé more susceptible than others
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i Table 7-6. Taxicity of Metals to Plants ‘ |
| ﬂ ‘
i
%
li Cadmium 40
’l Cabalt 25b
‘; Copper | 20.3
i || Lead 250
i
§ Manganese m 15006
| Zine ]H 240 |

TPe phytotoxlc data were complled from numerous sources and repre,ent effects ranging from

teduced growth to severe injury and death of vascular plants. See Section 8.4 for additional
nnformatlon

Mlunmum value was used because a range of data and, hence, a median value was not

avtallable
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Summary of Potential Toxlé Effects of the Potentlal Chemicals of Concern
for the Baxter\SprlngsITreece Subsites

Non essential element for
plants and may be phytotoxic

t low levels (Friberg et
al., 1971).

Cadmium concentrations in
plants of 130 ppm for leaves
and 898 ppm in roots causes
upltlng and leaf burn
(%driano, 1986) .

Plant levels of 25 ppm can
cause reduced productivity
\n some species (Kabata-

Pend1as and Pendias, 1984).

A high cadmium-to-zinc ratio
leuuces available zinc and
increases cadmium
bioavailability. A
synergistic relation exists
berueen cadmium and lead.

N%n-essential element for
animals (Friberg et al.,
1971).

Cadmlum ingestion of 50 ug/g
for 10 days by rats caused
anemla and renal injury
(Fr!berg et al., 1971).

Cadmium has a high
tgxucologlc potential in
nannals enhanced by its
ability to bicaccumulate in
mammal ian tissues and to a
poor or nonexistent
homeostatic mechanism
(Venugopal and Lucky,
€1978).

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

]
Toxici;y affected Qy
hardness, pH, organics.

Acute values range from
1.0 us/L for rainbow

trout to 28,000 pg/L for
a mayfly (USEPA, 1984a).

Chron)c values range from
0. 1ﬁ/u9/L in Daphnia to
156 pg/L for Atlantic
Salmon '(USEPA, 1984a).

Cadmium bioconcentrates.

Cobalt

]
Cobalt is an essential
element for plants.

I
|
i
i

| : :
Cobalt is essential for
animal nutrition.

Rats can tolerate up to 200
ppm, sheep up to 10 ppm,
cattle up to 20 ppm without
exper\enC\ng adverse effects
(Venugopal and Luckey, 1978)

N/A®

i

Copper

N .
Copper is an essential
nutrient for plants.

!

seil concentrations greater
than 36 mg/kg may cause leaf
chlorosis in plants -
(Adrlano, 1986).

Copper is an essential
nutrient for animals.

|
Dieiary exposure of 10 to 15
ppm| may cause blood
disorders in small mammals
(Smlth and Rongstand, 1982;
8lus et al., 1987).

COpper tends to accumulate
in the liver.

|

I

Copper is an essentlal
nutrient for aquatic l1fe
but toxic in low
concentrations.

Acute toxicity ranges
from 16.7 pg/L for
northern squawfish to
10,240 pg/L for a :
stonetly (USEPA, 1984b)

Chronic toxicity ranges
from 3.9 ug/L for brook
trout to 60.4 pg/L for
northern pike (USEPA, :
1984b). ;

Toxicity affected by i
hardness, alkallnlty,JpH
total organlc carbon. .

Copper: toxicity prlmarily
rated to cu*? ion and .

ionized hydroxides. i

Iron

|
i
|
i
¢
i
A
|
'l
1

i
i

|

i

i

;

t

|

i

NAD

NAP

t
The primafy form of
concern is the aquatic;,
environment are ferrous '
or b1valent (Fe ), and
ferrls or ‘trivalent

(Fe***) icons.
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Summary of Potential Toxic Effects of the Potential Chemicals of Concern for the Baxter
SprmsslTreece Subsites (Continued)

{
i

Lead Qead is a non-essential LLad is a non-essential Toxrctty affected by
element for plants (Demay et element for animals (Demay hardness, pH.

al., 1982). et al., 1982). :

i Acute tcx\C\t\es range
Lead interacts syner- Lead concentrates in animal from 142.5 pg/L for an
gistically with cadmiun and liver and kidneys at rela- antﬂ1|pod to 235,900 pg/L
antagonistically with tlvely high ingestion (138 for a mldge (USEPA,
calcium, phosphorus, and mg/kg) and may cause blood 1984c).
sul fur. disorders in small mommals

| (raccoons) (Demay, et al., Chronic toxicity ranges

[ 1982). from 12.3 ug/L to 128.1

i ug/L for a cladoceran

i (USEPA, 1984c).

-

! Lead bibconcentrates.

| . {

Manganese Manganese is an essential Manganese ‘is an essential Manganese is an essential
micronutrient in plants. micronutrient for animals. micronutrient for aquatic

. Life.

M;nganese may be toxic to Manganese not known to be :
plbnts at concentrations to§ic to animals. It is the Manganese ions are rarely
around 1.0 mg/L in least toxic of the essential found above 1.0 mg/L
irrigation water applied to metals (Venugopal and (USEPA, '1986) .
soils with pH <6.0 (USEPA, Luckey, 1978).
1986). : Manganese generally not

I Haqnals can tolerate consﬁdered to be toxic

i concentrat1ons up to 1000 for aquatic life.

! ppm without experiencing

! adverse effects (Venugopal

| and Luckey, 1978).

i : .
Mercury N/Ab N/AD Toxicity affected by

A ! chemical speciation of

| Hg.

s |

] { Chronic values for methyl

i 5 mercury range from <0.07

! ug/L for brook trout and

i | Daphnia to 1.1 pg/L for
L ! Daphnia tested in Hg 11

| l (USEPA, 1984d).

| | ' ,
1 i Mercury bioconcentrates.
1 i ‘

B | Acute values for Hg 11
’ ; l range from 2.2 ug/l for
S i Daphnia pulex to 20,000

! ‘ 19/l for aquatic lnsects
! i (USEPA, 1984d)
. b‘Q i b“
Nickel N/A" N/A

Toxicity affected by pH
hardness. ‘
Acute toxicity ranges?
from 1,101 ug/L for a |
cladoceran to 43,240 ng/t
for a fish.

Chronic toxicity ranges
from 14.8 H9/L with
Daphnia to 526.7 pg/L for
fatheacl minnows.

T
4

t
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Summary of Potential Toxic Effects of the Potential Chemicals of Cancern for the Baxter
i Springs/Treece Subsites (Continued)

Silver

|
l
|

Acute values for |
invertébrates range
0.2% ug/L for Daphni

(USEPA, 1980).

Acute Qalue for fish

(USEPA, ' 1980).

and chronic toxicity
(U.S. EPA 1980).

from 0.12 ng/L for

1980)

from
a

magna to 4,500 pg/l. for
Gammarus pseudol imnaeus

range from 3.9 ug/l for
Pimephales promelas 'in
safe drinking water 'to
280 sg/L for Onchorynus
galrdnerl in hard water

No apparent relationship
betuaen‘uater hardness

Chronic effects range

rainbow trout to 29 ug/L
for Cladoceran (USEPA,

Zinc

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

ZinE, calcium, and cadmium
aregespecially antagonistic.
i

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

Z1nc interacts antagon-
lst1cally with cadmium,
calc1um copper, and

phosphorus.

Zvnc is an essential element
for!animals (Adriano, 1986).

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

i
|
|
\

Zinc is an essential

88,960 ug/L for a
damselfly (USEPA,

46.73 for Daphnids to
fly (USEPA, 1987).

Toxicity affected by

element for aguatic i

ife.

Acute values range from
50.7 ug/L for Daphnids to

1987).

Chronic values range from

i

»5,243 ug/L for a caddls-

0

hardness, pH, organics.

'

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

not evaluated.

cr )
Mercury, nickel, and silver are not COCs for on-si

H

|

1

terrestrial receptors were not evaluated.

i

\
+
{
t
i
I
|
i
|
i

|
|
t‘
|
|
|
|
\
!
1

te soils; hence, potential toxic effects on plants and
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8.0 TO.X\;ICITY ASSESSMENT: CALCULATION OF TOXICITY QUOTIENTS
|
l

!

|

!

of chemica;lsf. The TQ method is the direct arithmetic comparison of a concentration from
a laboratoxyzl toxicity test with an expected or measured environmental concentration
(Barnthouse \"and Suter, 1986). TQs are l‘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 by chronic Toxicity Reference V:alues (TRVs). The
TQ approachz is routinely used by EPA |as the simplest, quantitative method available for
estimating nsks to ecological receptors| (USEPA, 1992). TQs were calculated the key
aquatic, terrestnal and T&E species; in addition, data on the toxicity of on-site soils to plants
were also evaluated. Results of the TQ assessment are discussed for each of these receptor
groups in subisequent sections of this chapter. |

{

BeforeS discussing the specific TQ lresults, the criteria used to evaluate TQs is defined
and an explan;;ation of how the TQ results were interpreted for the study is provided. TQs
results were evaluated using these criteria: (1) TQs less than 1 indicates that adverse effects
in exposed individuals or populations are inot probable, and (2) TQs greafer than 1 indicate
that adverse oichronic impacts are possiole. A TQ of 1 indicates that the measured
concentration equals a concentration that c'aused some impact in a certain test species under
a given set of expenmental conditions. Ini this sense, TQs greater than or equal to 1 can be
used to 1nd1cate that chronic adverse 1mpacts to exposed individuals are 1)0551b1e G1ven that
the goal of th1s ERA is to evaluate potent1al adverse effects on exposed populations, a TQ of
1 may be overly conservative. Within a] given ecosystem, loss of some 1nd1v1duals in a
receptor group is acceptable if the entlrle population will not be adversely 1mpacted
Barnthouse and Suter (1986) state that "ecolog1cal risk assessments used in decision makmg
should be bascd to the greatest extent possxble on objectlve estimates of ecologlcal damage
(e.g., probabllmes of population extmctlon 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 hkely to occur in the field or that exposures in the field are significant enough
to cause populatilon-level effects. Furthermore, there is not a linear (one-to-one) relationship
|

i
|
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Toxi'city quotients (TQs) are a general method for assessing the en;vironmen@ hazards -
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between inc reasmg TQ values and the probability of adverse effects. For example, ; a TQ of -
2 does not 1mply that adverse effects are twice as likely to occur in a given system ias aTQ |
of 1. The 1ntent of a TQ approach is|to provide a continuous quantitative scale so that
evaluation and rank ordermg of potential impacts can be assessed.

1

|

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 des1gned to minimize the possibility| that other species might be more exposed than the .
selected key ispecres. Ecosystem effects were evaluated by analyzing potentral impacts to
various tropﬁic levels from primary producers (plants) to higher-trophic level organisms
(tertiary consumers) The focus on pnmary and higher-level consumers: provrdes sufficient
data to assess the general condition of all trophic levels. Thus, by usmg toxicological data
for the key receptors species selected for this site, 1t is appropriate to ¢conclude that other
species w1thm the same ecological group are unlikely to be adversely affected. For example,
if the red-tajl‘ed hawk, barred owl, and|the mink (the key higher-level terrestrial species
selected for this site) are not expected to lexperience adverse effects, then it is reasohable to
assume that other less exposed terrestrial wildlife are unlikely to experience adverse effects.
However, these criteria do not apply to T&E species since they are given more stn'ngent
individual con51deratlon in the ERA. Potentlal effects to T&E species are dlscussed in
l
1

Section 8.3.

Finalljtr, it is important to emphasi'}ze that results of the toxicity assessment represent
one of the miany sources of data used t’o determine if exposure to site'-related metals by ..
ecological receptors is likely to cause adverse chronic effects. Results of the toxicity
assessment should not be used as the sole means to evaluate potential ‘chronic effects to
exposed receptors Field biosurvey data, other pertment information available in the sc1ent1ﬁc v
literature, and results of the toxicity assessment ‘were used in combmdtlon to yield a more
realistic p1cture of potential impacts to exposed populations. Field data were used to prov1de
tangible evrdepce of potential adverse (both acute and chromc)_ effects. Toxicity assessment

results and litémture data were used to auément the field data to sense subtle chronic adverse

t

|
|
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impacts that\ may not be readily observable in the field. The validity and strength of the

various types of data used to evaluate p?tennm adverse effects are d1~.cussed in Section 9.
a |
8.1 TOXI(C';ITY OF METALS TO AQUATIC RECEPTORS

i
l

The potentlal toxicity of metals to aquatic receptors was evaluated using a balanced

approach. T{hls approach involved comparing the arithmetic mean concentratlons of metals
measured in on-site surface water bodies with the TRV (in Table 7-1) and comparing upper-
bound conce}lltrations of metals measured in on-site surface water bodies with the Criterion

Maximum C(’[mcentrations (CMC) identified by EPA.
b
| |
Using| the mean total recoverablel concentration data yields a realistic portrayal of
actual on-sitei exposures for these reasons:
}
1. lMany aquatic organisms | can tolerate infrequent pulses of high  metals
concentrations (Mulvey and Diamond, 1991)

2. {Metals concentrations tend|to vary temporally with changes in rainfall runoff
; amounts (Remedial Investlgatlon)

3. iArlthmetlc mean concentralmons best reflect long-term exposure to varying
,condmons (USEPA, 1989d)
l
4, TQs based on arithmetic mean concentration data are more indicative of
~ Ipotential population-level elffects than upper-bound TQs, and the goal'of this
‘assessment is to determine the potential for risk and the relative magnitude of
Irisk to receptors and areas.
P .
o

]
+

t
i
Example TQ baﬂculation' E

The TRV for zmc was estimated to be 1.4 mg/L (T able 7-1). Using the measured anthmetlc
mean concentratlon of zinc in Tar Creek (9 2 mg/L from Table 3-8), the TQ for zincin Tar
Creek would be 9.2 divided by 1.4 or 6. 5
|

l
| o
A

1
2
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The resultin‘g TQ of 6 suggests that individuals inhabiting Tar Creek may be expenencmg '
chronic adverse effects. Although thei possibility of population-level' impacts cannot be
definitely ascertamed these results suggest that population-level effects on aquatic orgamsms ‘

are poss1ble]

f
i

ReSults of the toxicity assessment using the arithmetic mean total recoverable
concentration data for aquatic organisms (Table 8-1) show that aquatic populatlons mhabmno

Willow Creék, the Spring River, and the Neosho River are not expected to experience
t 1

chronic adverse effects from exposure tojthe metals of concern since the TQs based on mean
‘ :

concentrations and TRVs for these metals are less than 1. Results of theftoxicity assessment
indicate that ladverse chronic effects from| exposure to arithmetic mean levf'els of cadmium and
zinc by aquéttiic populations inhabiting Spring Branch and the subsite pondsi and from exposure
to zinc by aqliuatic‘organisms inhabiting Tar Creek are possible (mean TQs range from 1 to

10). l
L

i
H

Stephatm et al. (1985) has established criterion for the protection of aquatic organisms
and their use‘s This criterion is based in part, on a Criterion Manmum Concentratron
(CMCOC) Wthh is equal to one—half the Fmal Acute Value (FAV). EPA further deﬁnes the
CMC as that one-hour average concentratlon which should not be exceeded more than once
every three years on the average (Stephan et al., 1985). Comparison of field data collected
and analyzed during the remedial 1nvest1gat10n efforts with the CMC indicate that TQs
equaling or exceedmg 1 imply potential tox1c1ty to aquatic organisms within Spring Branch

Tar Creek, and subsite ponds.
.
l. '
Toxicity quotients equaling or exceeding 1 based on the upper-bound concentration and
i

the CMC @. e upper-bound concentratio:n divided by CMC) indicate that acute toyiicity is
possible from| |exposure to elevated levels of cadmium and zinc in Spring Branch and from
exposure to elevated levels of zinc in Tar Creek and the subsite ponds. Desprte this apparent
acute tox1crty, ﬁsh were present in the streams Although few fish (eig] ht centrarchrds) were
collected from Tar Creek, numerous fish o}f varying genera (50 fish representing centrarchlds

ictalurids, and'cypnmds) were collected-in Sprmg Branch. The biosurvey results indicate that
there may be srte-spemﬁc factor(s) affecting the actual toxicity of these metals These factors

|
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. Table 8-{1. Summary of Toxicity Quotients Based on Toxicity Reference Values for the COCs; in

! On-Site Streams and the Sprlru and Neosho Rivers for Aquatic Ol'gams-s ‘ v
. . {
P , | | ,

SPRING BRANCH (ALl Stations, N = 8) ' : ‘

Cadmium 0.155 0.12 0.078 2 0.008 " 0.08 10
Zinc 3.14 14.5 1.57 9 1.423 ' 9.9 7
TAR CREEK (Downstream Stiations only, N = 6)
‘Manganese® NA ‘ NA NA NA 1.5 0.6 : 0.4
Zinc 304 | 17.2 1.57 1 1.423 9.2 | 6
WILLOW CREEK (Downstream![ Stations Only, N = 8) | .
Cadmium 0.155 - 0.002 0.078 0.03 0.008 ,0.0015 0.2
Lead 1.401 | 0.02 0.071 | 0.3 0.027 001 | 0.4
2inc 304 | 0.81 157 | 0.5 1.423 © 0.6 | 0.4
SPRING RIVER (NEAR wmeé SPRINGS)' % ‘
Cadmi um 0.155 | 0.004 0.078 ! 0.05 0.008 0.003 | 0.4
Lead 1.401 | 0.04 0.071 | 0.6 0.027 002 ' 0.7
Zinc 304 | " 0.5 157 | 0.3 | 1403 0.4 ‘ 0.3
NEOSHO RIVER (NEAR THE MOUTH OF TAR CREEK)! i | ‘
Cadmium 0155 || 0.002 0.078 0.03 0.008 0.002 0.3 i
Zinc 304 | 0.6 1.57 | 0.4 1,423 0.3 b0 |
‘ :

® Dpata are total recoverable values. ) l

! H B i ot
b TOXIC!tY quotients, a\:re the concentration in water lelded by the chemical- spec1f1c toxicity reference value; ‘
toxicity quotients were rounded to one significant flgure

€ Levels of manganesu ‘rangmg from 1.5 mg/L to 1000 mgllL are reported to be tolerable to aquatw orgamsms, s
hence 1.5 mg/L was.: used for the TRV (USEPA, 1986).

KDHE Storet database; see Appendix B.

OWRB, 1983; see Appendix B.

'
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the bioavailability of the metals (i.e., dissolved concentrations) and acclimation .

may 1nclude

or adaptation of the species present in snlrbsite surface waters.
! :

l

Centrarchrds (Sunfish Genus Lepomts), which are represented in both Tar Creek and
Spring Branch are one of the more zmc tolerant species (Genus Mean Acute Value equals
10.5 mg/L, Appendlx A). Tar Creek downstream station results showed mean concentrations
of 9.2 mg/L 'and an upper-bound concentratron of 17.2 mg/L (Table 3-4) At these levels,
more sensmve species would be excluded (i.e., minnows, snails, 1sopods) For Spring
Branch, the mean and upper-bound zinc concentratrons were 9.9 and 14.5:mg/L, respectively
(Table 3-6) but a variety of genera werz'e represented An explanatron of this apparent
1ncons1stency£ may be that the fish were collected near the mouth of $pring Branch, below
inputs from {1rban areas of Baxter Springs (the city’s storm water runoff and limestone
bedrock seepage). These inputs may dilute the creek water and supply organics or minerals
which would i‘act to reduce the bioavaﬂab}lity of metals. This is exempliﬁed by the fact that
the total recov;erable mean zinc concentrati\on at the downstream SB-2 sta».tio‘;n was roughly half
of that at SB-1 (7.5 vs. 14 mg/L). Witd toxicity ameliorated to some degree in the lower
segment of S_piring'Branch, some of the mdre sensitive species have beco»me established (e.g.,
ictalurids and icyprinids). In summary, thc% results of the field data indicate: that acute -t'oxicity
is not occurrh}g in these streams for selec'lt groups of tolerant aquatic organisms.

1 S -

TRVs and TQs for each pond wgere 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- lx TP-6
and TP-9 were below unity. The Ballard Chat Wash Pond (BP-1) exhibited the hlghest TQ ;
(10 for cadmlum) Other TQs exceeding umty included 2 for zinc (TP- d) and for i lron (TP
7); and 7 for lead (TP-7). : « ;
8.2 TOXICI,'IEY OF METALS TO TERRESTRIAL RECEPTORS .

|
A t1ered approach was used to deterrlmne if existing concentrations of COCs in on-site

environmental med1a are likely to cause adverse effects in exposed terrestnal populations.
|
i,
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Table 8-2

Summary of Toxicity Quotients for COCs and TRVs

Adjusted for Individual Pond Hardness

l
|
|
|
!
5
i
|
|
|

‘ POND BP-1 (CHAT WASH) !
i HARDHESS = 1,110 mg CaCO,/L ,

i
t
!

‘Cadmium 0.35 0.034 10,
—'ilron ND|(0.3) 1.0 0.;
Lead 0.12 0.259 0.5,
!Manganese ('ll.Zlo 1.5 02
‘gercury 0Jo00s 0.005 0.1,
Zinc 72.90 6.33 1

Cadmium 0.0005 0.006 0.08!
fron ND_(0.05) 1.0 0.05;
Lead ND (00005 0.017 0.03.
Manganese 0 ! 04 1.5 0.03'
Mercury ND (0%.0001) 0.005 0.02;
Zine 0.083 1.03 0.08.
; :

|

|

I
POND BP:3 (TAILINGS)
(FISH OBSERVED)
HARDNESS = 840 mg

/L

Cadmium - ND (0.00004) 0.027 0.02 -
Ir‘fon ‘ ND ((I).Z) 1.0 0.2 |
Lead W (0l002) 0.183 0.01
Manganese 0.‘;6 1.5 0.11
Megrcury ND (0.!0001) 0.005 0.02 |
Zine 0.32 5.0 0.06 .

IS | B TR
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Table|8-2 (Continued)

Summary of Toxicity Quotients for COCs and TRVs

Adjusted for Individual Pond Hardness

!

@

|
POND BP-4 (TAILINGS)
(FISK OBSERVED)

HARDNESS = 92 mg CalC0,y/L

Cadmium ND (0.0003) 0.004 0.07
iIron » :0.3 1.0 0.36
'Lead ND (1_0.0005) 0.011 ().05l
Manganese 6.06 1.5 l).Oll
D}!ercury 0.!0005 0.005 Q. 10
éinc 0.054 0.77 0‘.07‘1

e &

POND BP-5 (SUBSIDENCE)
(FISH OBSERVED)

HARDNESS = 470 mg CaCO;/L

chM um

|
0.005

0.017 0.30
Iron ND (0.1 1.0 0.10
Lad ND (0.003) 0.087 0.04
M;nganese 0.!28 1.5 0.19 .
Mercur w 0loooty 0.005 0.02 ;
Zine 1.50 3.06 0.42 °

i
i

POND TP-‘IE (SUBSIDENCE)
(FISH 'OBSERVED)
HARDNESS = !560 mg.CaCO,/L

Cadmium 0.0 0.019 1
Iron ND (0.1 1.0 0.1
Lead ND (0.002) 0.108 0.02
Man;ganese 0.21? l 1.5 0.15
Mér:cury ND (0.0001) © 0.005 0.02
Zink 2.60 3.55 0.73




e

Table|8-2 (Continued)

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

{
POND TP-5 (TAILINGS)
(FISH OBSERVED)
HARDNESS| = 740 mg CaCO,

/L

‘Cadmiun 0.032 0.026 1.
Iron ND‘(O.Z) 1.0 0.22
Lead olo2s 0.154 0.16
Langanese Oi.62 1.5 Cl.41;;
Mercury 0./0004 0.005 0.08
éinc 9%.70 4.49 2 ;

!
POND TP-6 (TAILINGS)
(FISH OBSERVED)

HARDNESS = 680 wg L

C;sdniun 0.})22 0.023 1
l;:'on ND (10.1) 1.0 0.1
Léad 0.613 0.139 0.09 |
M;nganese 0.!010 1.5 0.03
Melrcury ND (0.!0001) "~ 0.005 0.02
zinc 0.39 4.18 0.09

!

]
i
!

T
POND TP-7 (TAILINGS)
HARDNESS =110 mg CaC0,/L

Ca:iniun 0.067 0.005 1

l‘rc"sn 1 "I 1.0 2
Leéd 0.1]0 0.014 7 .
Mar%ganese 0.8!8 1 .5 0.6
‘Mereury ND (0.0001) 0.005 0.02
2i nl.c ‘ 1. 26 0.89 1

|
i




Table|8-2 (Concluded)

Summary of Toxicity Quotients for COCs and TRVs

Adjusted for Individual Pond Hardness

|
POND TP-9 (TAILINGS)
(FISH OBSERVED)
HARDNESS = 320 mg CaC0;/L

| cadmiun 0.0025 0.012 0.2
l1ron ND | €0.05) 1.0 0.05
Lead 0.031 0.053 0.3
gnanganese 5.10 1.5 0.0}
Wercury ND (0.0003) 0.005 0.05
%Zinc 5.45 2.21 0.2

Pgrentheses 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

vélues are lower than the chronicIAHOC, adjusted for individual pond

hardness.

TRV was not calculated for iron.
substituted. This AWQC is not hardness dependent.
i

|

§The acute AWAC of 1.0 mg/L was

! . |
Lévels of manganese ranging from 1.5 mg/L to 1000 mg/L are reported to.be
tdlerable to aquatic organisms (USEPA, 1986), hence, 1.5 mg/L was used as

TRV.

|
|
|
;
:
;
|
|
i
!
}
!
|
!
|
l
!
1§

ND. = Not detected; value in parent

|

heses is one-half reported limit.



First, toxicological data available in the literature were adjusted using the application of UFs

to obtain TRVs for key terrestrial species. Next, TRVs were comparéd to the worst-case
intake estlmate 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-ce;s}‘e TQ equaled or exceeded 1, then Reasqnable Maximum Expgsure (RME) intake
estimates we%re compared to the TRV ilto calculate an RME TQ. Worst-case exposure
estimates were used as a screening-level approach to derive conservative TQs Since worst-
case dose estlmates assume that an individual is exposed to upper-bound concentration of
metals in vaqous environmental media, the probability that an individual would receive a dose
equivalent to‘i the worst-case dose is extremely small. It is not real:istfc to conclude that
terrestrial rec;eptors would consistently ccl>me in contact with the upper—b?ound concentration
of metal givefp that most receptors tend toi have relatively large home rzmg%s. Therefore, the
RME exposu{:'e scenario is more representative of expected exposure intensity.

| .

1 t

Table |8-3 lists the worst-case and| RME dose estimates and TQs for the raptors and
the mink. ']‘l‘xe focus on primary and higher-level consumers is based on the rationale that
results 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 caiuse adverse effects in raptor‘s since all worst-case TQs for the red-tailed hawk
and the barred owl are less than 1 (worst- case TQs range from 0.05 for zinc to 0.2 for lead).

Conversely, exposure to cadmium, lead, an zinc could cause adverse effects in the mink and
animals with slmllar food base, since the worst-case and RME TQs are slightly above 1.
Worst-case T‘és range from 2 for cadmiu%n' to 4 for zinc, while RME 'I‘Qs range from 1 to
3, ‘ | |

i
i

|
8.3 TOXIC][TY OF METALS TO AMPHIBIANS
s[ ' :
For T&E species, protection of 1nd1v1dua1s and/or their critical habitat is essential.

To fulfill this obJectlve a more conservatwe approach was used for T&E species than was
used for the other terrestrial and aquatic spec1es of concern. Potential adverse effects were

assumed possﬂ)‘le if the upper-bound concen tration of metal in on-site surface waters exceeded
|
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RED-TAILED HAHKE i

Cadmium i 1.6 0.16 1 0.1. 0.07 NA®
Lead % 2.8 0.50 , 0.02 0.26 NA
Zinc ! 111 5.15 i 0.05 3.5 NA
BARRED OML i

Cadmium ; 1.6 0.19 0.1 0.08 NA
Lead ¥ 2.8 0.59 ] 0.02 0.31 NA
Zinc I 111 6.1 i 0.05 4.1 NA
MINK ‘

Cadmium 1 0.1 0.19 ‘ 2 0.1 1.0
Lead i 0.3 0.96 3 0.63 2
Zinc ; 4.2 16.5 4 13.6 3

¥

significant figure.

Reasonable maximum exposure scenario.

Toxicity quotiﬁnts are the dose divided by the

Calculated onl% if the worst-case TQ was great

er

b e gy e i i

sertam

than or equal to 1.

}toxicity reference value. TQs were rounded to one




| o e

the metal- spec1ﬁc TRVs listed in Table 8-4. This approach is conservative since it is
unlikely that vT&Es would remain in prolonged contact with surface water contammated at the
upper-bound level. Conversely, this approach also assumes that direct contact with surface
water is the lsole and primary means of {T&E exposure. The data in Table 8-4 show that
exposure to ,s,ite-related metals is not expected to cause chronic toxic effects in exposed T&Es
even when uf)per-bound concentration data are used to calculate TQs. With the exception of
zinc in Tar Creek TQs based on the upper-bound concentration of total recoverable metals
in surface water were less than 1 (uppe'r-bound TQs ranged from 0. 0002 for cadmium in
Willow Creek and the Neosho River to 0. 8 for zinc in ‘Spring Branch). The upper-bound TQ
for zinc in I‘ar Creek is one, which indicates that adverse chronic effects are possible in

amphibians e)i,cposed to Tar Creek water.

{

t }
8.4 PHYTO?‘OXICITY OF SOILS

1
l

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 mirie and mill wastes
(includes excaltvated chat and mill-site soils)-was not evaluated in this :reoon since ohysical
limitations asslociated with these materials apparently limits or precludes :vegetative growm
regardless of imetals content (i.e., lack of moisture, nutrients, and orgamc matter) To
evaluate the potentlal phytotoxicity, metal iitoxmity data for agronomic soecxes were obtamed
(Table 8-5). The phytotoxicity data are concentratlons that researchers es timated caused some
reduction in t‘rop yield (e.g., zinc at soil concentratlons between 60 mg/kg and 960 »mg/kg
caused a 43 to; 98 ‘percent reduction in y1eld in various agronomlc species, see Appendlx O).
A mean value was calculated but was assumed to be more susceptible to the number of tests
the researchets conducted and the concentratlon of metal used in a given study and has the
effect of skewing the data in the dlrectlon of most research results. For example, if the
researchers conduct studles primarily w1th} hlgh metal concentrations resulting in high crop
yield reductlong, then the resulting mean metal concentration would be hlgh 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 Trepresentative of the range of data shown to be
phytotoxic. Upper-bound and mean metal concentrations in Ag/A and near-pile soils were

%

!
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Table 8-4.

e

Summary of Toxicity Quotients Based on c
-Site Streams and Ponds and thie Spring and N

Toxi

i

Reference Values fci:r the COCs in
o Rivers for Aqxhit?ims

}

!
® Data are tt‘gtal, recoverable values.

1

® Toxicity qu'lotients are the concentration in

'
° Not applicable.

|
[
|
|
|
|
|

water divided by the chemical-specif'ic 'foxicity reference value.

SUBSITE PONDS

Cadmiun 10 0.02 0.007

Copper | 0.04 0.006 0.2

Iron , NA® 0.6 ---

Lead i 7.8 0.04 ,0.01
Manganese : 1.7 0.4 ; 0.2

Mercury i 0.2 0.0004 10.002

Nickel | NA° 0.04 eee

Silver § NA® 0.003

Zinc !; 17.2 | 3.7 0.2

SPRING BRANCH :

Cadmiun | 10 0.12 0.01

Zinc ‘[ 17.2 14.5 ;,0.8

TAR CREEK | |

Manganese ': 1.7 0.9 10.5

Zinc ' 17.2 17.2 01

VILLOW CREEK | ‘

Codnium | 10 0.002 0.0002 :
Lead ; 7.8 0.02 0.003
Zinc | 17.2 0.8 0.05 |
SPRING RIVER (near

Baxter Springs) ! :
Cadmium 1 10 | 0.004 0.0004 |
Copper ? 0.04 } 0.015 0.4 5
Lead | 7.8 ! 0.05 6.01 |
Zinc ? 7.2 | 0.5 0.03 !
NEOSHO RIVEkg(domstrem of the mouth of Tar!Creek)
Cadmium | 10 ; 0.002 0.0002 ‘
Zine . ] 17.2 ‘ 0.6 0.03 u

'



@

Table 8-5. Phytotoxicity of Metals in Soil - Agronomic Speciesb

% ;
Cadmium ‘. 53 \ 40
Cobalt 1 25 NA
Copper | 3.155 20.3
Lead i "1008 250
Manganese ! 1,5007 \ NA
Zinc | 60° 40

l 4
Listed nefals are COCs for Ag/A or near-pile soils, see Tables 4-2 and 4-3 in‘text.

From data tables in Appendix A; minimum;values are lowest concentrations Hh1ch resulted in
measurable yield reduction.

i
t

5 ppm so1; concentration caused a 16.5- 27 9 percent y1eld reduction in various crops (four
tests).

25 to 50 5pm concentration was toxic to rice (Kitigishi and Yamane, 1981).

3.15 ppm'ioil concentration caused 22 perient yield reduction in soybeans (one test).
100 ppm s%il concentration caused 15.9 pegcent yield reduction in oats (one teét).
Mininmnn;h%totoxic level (Shacklette and Boerngen, 1984).

60 ppm soil concentration caused effects ranging from either a yield increase, or no
reduction,ito a 42.5 percent yield reduction in slash pine seedlings (eleven tests)

H

yield
i

|
!
!
i
|
|
\.
|
’u
i
b
|
|
!
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compared to }he median concentration ref)orted to be phytotoxic in eitherf laboratory or field

studies (Table 8-6). If the resulting upper-bound TQ for a given metal was less than 1,

existing levells of that metal in site soils [were not expected to be phytotdxic. If the upper-

bound TQ w%s greater than or equal to unity, then the TQ was calculated gsing the arithmetic

mean concen:tration of that metal in on-site soils. If the TQ based on the arithmetic mean

equaled or ex,‘ceeded 1, then existing levels of that metal were deemed potentially phytotoxic.
i .

|

Tablei8-6 shows that TQs based on the upper-bound concentration of COCs in near-
pile soils did %not exceed 1 for all COCs except zinc (upper-bound TQ equals 2). These data
indicate that existing levels of zinc in near-pile soils may be phytotoxic. No phytotoxic data
were lpcated;in the literature for specieslikely to establish in near-pile soils. Thus, use of
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 scnls TQs for all COC were 1ess 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 sho‘uld be noted that the zinc abplied in the laboratory/field tests was in a sulfate
form which i 1s soluble and readily avallablle to the plants. In contrast, plant-available fractions
of the total zmc concentrations in near-plle samples (as determined from on-site monitoring
data) ranged from 2 to 55 percent, with a mean of 16.9 percent compared with the near 100
percent for laboratory test species. If the mean plant-available figure of 16.9 percent is
applied to tlhe upper bound concentratlon in near-pile soils (996 mg/kg) the resultant TQ
becomes 0.7 ; While data on plant- avallable concentrations that cause tox1c symptoms are
limited [comlwas affected by 450 to 1400 ppm plant-available zinc, and cowpeas by 180 to |
700 ppm plant-avallable zinc (Adriano, 1986)] the relatively low fraction of plant—avallable 1
, gconcentratio'ns may not be phytotoxic, or at worst -

: |
only phytotcn&ic to some species. The re\'/egetation study currently in progress at the Galena

i .
zinc in near-pile soils suggests that zinc

subsite (Noxland 1991) illustrates the 1mportance of plant-availability as grasses and other
tolerant spemes are grown in chat, amended with organics, exhibiting total zinc concentratlons
ranging between 10,588 and 16,338 mg/kg.

!

| |
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In sur'nmary, the large gap that exists between the toxicological data available from
laboratory tests and subsite plant.species/soil conditions makes the pred1ct10n of a phytotoxic
level, apphc.able to near-pile soils, very difficult. - Given what we know, however, the
information w‘ould indicate minimal impacts to the naturally occurring, established ve'getation
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. Po»tennal changes could
include mmor‘ reductions in biomass yield or changes in species composmon None of the
changes mentloned are likely to have any measurable effect on the terrestnal ecosystem of
the subsites. Based on ﬁeld assessments, the vegetatlon in near-pile areas prov1des cover and
food for certam w11d11fe although they may not be preferred as forage sites, and are unlikely

to be used extlenslvely by livestock if other pasture is available.

{
|
I
!
!
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o 9.0 UNCERTAINTY ANALYSIS

i
An uncertainty analysis takes into|account the inherent variability in measured and
estimated parameters allowing décision makers to evaluate risk estimates m the context of the
quality and rehablhty of the assumptions| and data used in the assessment. Considerable
uncertainty invariably attends the evaluation of ecological risks. Principal sources of uncertainty

include the coritaminant database, the exposure assessment, and the toxicological database.
Additional uncertainties involved in site characterization are also likely to influence risk
estimates. The extent to which the followmg major sources of uncertainty may over- or
underestimate the exposure (and hence nsk) to ecologlcal receptors at the BS/T subsites is
discussed in thlS section:

|
|
o Determination of the nature and extent of contamination;

l
. Exposure assessment;

|
° Epological assessment and measurement endpoints;
. D:erivati_on of toxicity referenf:e criteria.

[ 1

i i
9.1 UNCERTA]INTY ASSOCIATED WITH DETERMINING THE NATURE AND
EXTENT OF CONTAMINATION ONSITE AND THE SELECTION OF

CHEM]{CALS OF CONCERN |

|

i . ) . . l . . . . 1 .
The uncertainties involved in measuring chemical concentrations in environmental media

can be substanha}. ‘Major sources of uncertai'pty in environmental sampling, and analysis include
handling procedﬁreé‘ sampling location, mifnber and density; selection of COCs; analyte
extraction; sample dilution; analytical detectwn limits and -handling of non-detects; analyte
interference; and instrument limitations. }Even with strict quality assurance and control
measures, there.is no assurance that the env1r'onmental samples taken are fully representative of
the site. Uncertmimes assoc1ated with 1dent1fymg chemicals of concern include those connected
with sampling er‘xvxronmental media and those related to the use of small data sets in the
statistical evalugltflonl of data. These uncertamtles are expected to have a low to moderate

potential to over-jor underestimate risk.

9-1
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9.2 UNCERTIAINTY ASSOCIATED W]l[TH THE EXPOSURE ASSZESbMNT

1

! .
| . . ‘ . . .
The exposure assessment includes al number of major sources of uncertainty, including

receptor selecti£0n exposure point concenu"ation and intake rate estimation, bioavailability of
contaminants, and the distribution of the receptors and stressors. Because this assessment is
deterministic (1 €., parameters are est1mated as single values rather than distributions),
uncertainty cmtnot be described quanutatlvely The following discussion therefore focuses on
(0)) 1dent1ﬁcat10n of sources of uncertainty m exposure estimation, and (2) the1r qualititative or
relative 1mportance in interpretation of results

i |
9.2.1 Selectionf of Key Receptors ' !

The seleetmn of key receptors used 1n the risk assessment was designed to minimize the
possibility that other species could be more exposed than the key species themselves by focusing
on higher-tropic%level species and food chailn effects, as they would provide sufficient data to
assess the general condition of the ecosystem The use of these selected org'amsms was therefore
expected to be adequately protectlve of the maJonty of species potentially inhabiting the subsites,

since these receptors are top predators.

!
1

] .
Given the lack of toxicological data specrﬁc for the - terrestnal species likely to occur

|
1
i

onsite, it is possrble that some sensitive spec1es 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 underestlmate risks, although this source of uncertainty is not expected to
substantially under- or overestimate risks, smce the mink is generally considered sensitive to the
effects of metals exposure Furthermore, it 1s possible that other, lower-trophic level receptors

such as the wh1te-footed mouse, could be more exposed than the raptors and the mmk since
mice have closer! and more frequent contact thh contaminated soils. Accurate dose estlmates
for the wh1te-footed mice were not possible, s1nce (1) the concentration of site-related ‘metals
was not measured in the vegetation and seeds on which mice primarily for'tge (2) body burden
data were measured with the pelt on, making 1t impossible to differentiate between metals loads

0

? 9-2
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in tissues and }that associated with pelt; sand (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 evaluatron of potential :
impacts on terrestnal prey species (using the white-footed mice as a surrogate). Thus, potential |
impacts to all eicologic groups making up tlhe terrestrial ecosystem were not quantiﬁed, which
means that ecos‘lystem-level effects may be underestimated.
|
Similarly, toxicological data specific to aquatic species likely to occur onsite is not
complete and so’me sensitive species may have been overlooked. However} based on the data
available from the Kansas Department of | Parks and Wildlife and results of aquatie biota
sampling, most r'najor groups of aquatic organisms have been taken into consideration during the
selection of key aquanc receptors Itis possrble that other receptors 1nc1ucl1ng Gammarus could
occasionally om{ur onsite and, therefore, be exposed to on-site contamination and lack of
inclusion of such receptors would underestlmate risks. In general, amphipods are not adapted
for withstanding -drought conditions and other adverse environmental conclmons (such as those

occurring onsrtc,) (Pennak, 1989). 1
| |
| |

|
‘ l
9.2.2 Approacliw to Dose Estimation for Terrestrial Receptors

|
o |

A simple ( \‘dose-based approach using site-specific tissue data was dt=veloped to evaluate
potential exposures by key terrestrial receptors to COCs under both worst-case and reasonable
maximum exposure (RME) scenarios. It was assumed that upper-bound cmd anthmetlc mean
environmental concentratrons were representatlve of the range of concentrations to whrch
ecologic receptors are likely to be exposed. Smce the actual exposure concentrations to which
these receptors may actually be exposed cannot be pre013e1y determined, both worst—case and
RME scenarios were evaluated to provide dec1s1on makers with a better perspectrve on the range

of risks likely to be encountered by terrestrial receptors from exposure to sxte-related chemlcals
e .

1
1
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9.2.2.1 Worst-Case Scenario

!

!

Dose es:timates for terrestrial recept}ors were first calculated using worst-case exposure

parameters as ai

evaluation. W;orst-case exposure is deﬁne’d in this case as the highes; efxposure reasonably |

screen for (1) contaminant l"lnot spots, and (2) receptors that don’t require further

expected to occur at a site. The primary objective was to arrive at an exposure estimate that will
fall within the hiigh end of the actual probabilistic exposure distribution (i.e., between the 90th
and 99.9th percéentiles) Exposure point cc])ncentrations were defined as th'e upper 95 percent
confidence hmrt on the arithmetic mean, anid WOrSt-Case €Xposure parame ters are generally set
at around the 95th percentile of their md1v1‘dua1 distributions.

i

!
For biot%l, 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 unrealisti’c from the standpoint that (1) many receptors do not tend to stay in one area for
very long, and| (2) the maximum concentrahon of COCs in air, water, and soil are not
geographically commdent 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.
It is not phys1cally possible for a receptor to be exposed to the maximum concentratlon of a
single chemical i ‘m all media s1mu1taneouslyi, much less to the maximum concentratlon of all

COCs in all mediia concurrently. 3

A { |

- Because ttus approach is highly unhlkely to underestlmate exposure, it is useful as a
screen., However because it is likely to pro_lect exaggerdted risks to biota, primarily: due to
negligence of the critical effects of spat1a1 and temporal vanahons in exposure, it is not
appropriate for assessment of actual ecolog1ca1 risk. Itis 1mportant to noie that in contrast to
human health nsk assessment where every 1nd1v1dua1 must be protected, the fundamental unit
for ecological rlsk analysis is the mgulgtlg (USEPA, 1992). That is, adverse effects on or
even loss of a portlon of the receptor populatlon (unless the specres is specially protected) is
considered unhkely to significantly diminish its viability or disrupt the community or ecosystem
of which it is a p@rt (USEPA, 1992). Thus, because the frequency of wc»rst-case exposure in
E

| 9-4
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| ,
a population is ’i‘by definition low, reliance on worst-case analysis alone adds unquantiﬁable but
probably signiﬁ!cant uncertainty to the exposure assessment in the form of (1) overestimation of

risk, and (2) lacf:k of information on exposure to the majority of receptors.
t

9.2.2.2 RME Scenario |
.

For ade&uate protection of terrestrial receptors, knowledge of exposures typically
encountered by irey receptor organisms collectively is of greater value than éstimates of upper-
bound exposures potentially affecting a few c:Jrganisms. Dose estimates and TQs were therefore
developed for the more plausible RME sce%nario. The RME scenario uses arithmetic mean
concentrations arl;d somewhat less conservative exposure assessment assum;ptions to characterize
ecological exposéxres. The RME scenario is|more plausible since receptors do not spend all of
their time at one' specific location (e.g., at ll hot spot.or in areas where maximum or upper-
bound concentratlons occur). In fact, the home range (the area over which a.n organism ranges
and forages) of most predatory birds and ammals such as the red-tailed hawk, barred owl, and
the mink, tend tgl) be large relative to the srze of the subsites. Thus, it is more likely that
receptors would b;e 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 exphcltly addresses one of the major sources of error in the worst-case scenario --
the failure to ac:.,ount for spatlal integration of exposure as organisms move throughout their
ranges -- by averagmg exposure concentratlons over the key receptors’ home ranges.

1 |

To provrde a perspective on the extent to which worst-case assumptions may: have
overestimated dose rates, terrestrial receptors | were assumed to spend an equal amount of time
on Ag/A and near-plle soils, and the arrthmenc mean area-weighted concentratlon of metals in
these soils was used to calculate dose estlmates Mean levels of cadmium, lead and zinc in
near-pile soils and the area-werghted mean concentratlon 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
about 2 to § tlmes higher than the mean area-welghted concentrations. Correspondmg 'dose
estimates and TQs d1d not change appreciably (Table 9-1).: Therefore this source of uncertainty
is expected to have" a low impact on risk estimates.

l
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Table 9-1. Toxicity Guotients for Key Terrestrial Receptors Using the Area-Ueighted
Average Concentration of COCs in Ag/A and Near-Pile Soils

RED-TAILED HAVK

Cadmium  © - 0.9 ’ 4.5 0.9 1.6 0.06 0.04

Lead : 42 88 42.5 8.3 0.21 0.03

Zine 157 710 162.5 111 2.9 0.03

BARRED OML

Cadmium. 0.9 4.5 ' 0.9 1.6 0.08 0.05
e Mvead——— o oo gy T gy T T 2s | 83 0.25 " 0.03

2inc 157 710 162.5 m 3.5 0.03
| MINK ' |

Cadmiun 0.9 K 45 0.9 0.1 0.11 1

Lead . 42 88 : 42.5 0.3 0.61 2

Zine ' 157 710 162.5 4.2 13.4 3

RME equals reasonable maximum exposure scenario.

Toxicity quotients are dose divided by the toxicity reference value. TQs were rounded tc one signivicant figure.

NOTE:  Arithmetic Mean Concentrations. for Ag/A-and-Near-Pite Soils are multiplied by 0.99 and 0.01, respectively and summed for area-
— . - o """ weighted concentration.
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9.2.2.3 Intake Values Used
| | | |
Intake estimates used for the terresn%ial receptors are based upon data available in the

scientific literattl‘re and information obtained from a certified wildlife biologist. As mentioned
above, the use otf point estimates to define these values hinders quantitative ‘evaluation of both
their individual dncertainties and contributions to overall uncertainty. However, these impacts
are expected to li)e relatively small. t .
s 1

Inhalatlon rates were extrapolated frolm data available for the rat. Although inhalation
factors were subJectlvely determined, they are not expected to greatly affect intake estimates,
since the concentratlon of COCs in air and, hence the total daily intake of COCs via inhalation
is small (Table 9;2). ‘Inhalation accounted for less than.l percent of the total daily intake of
COCs for allthree key terrestrial receptors evaluated. Since soil ingestion f)rovides a greater
and more variablge proportion of total daily intake (2 to 6 percent for the mink and 5 to 24
percent for the raflptors; Table 9-2), this parameter méy have a greater potential to over- or
underestimate nsl{c than inhalation rates. | |

Food mgestlon rates have the greatest effect on mtake estimates, since ingestion of prey
accounted for 93 to 96 percent of the mmk’s intake and 75 to 95 percent of the raptor’ s total
intake (Table 9- 2) Uncertamtles associated wlth all intake factors could result in either amover-
or an underestlmdtlon of the true dose rate, smce these values are not known exactly However
the conservative mtake ‘values chosen for thrst ERA would tend to result in over- rather than

underestimation of dose. l.

. 1
I
i
i

9.2.2.4 ASsimﬂntion Efficiency
. SRR '

|
co

?
!
!
!
|
f

The efﬁcwncy of assmulatmg of metal burdens in prey ingested by terrestrial predators
represents another source of uncertalnty assoc1ated with dose estimates for terrestnal 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, wh1ch accumulates in bone tmsue (Demay et al.

|
{
|
i
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Table 9-2. Contribution of Inhalation and Ingestion of Mater, Soil, and Prey to Total Daily Intake by Terrestrial Receptors’

"— Intake via - Percent of Intake from Water As A Intake Soil As A Intake Prey As A
Inhalation Total Daily Water Percent of from Soil Percent of from Prey Percent of
(mg/kg-day) . Intake (mg/kg-day) Total Intake (mg/kg-day) Total Intake (mg/kg-day) Total Intake
RED-TAILED HAWK e o o T e e S T T T T T 7
Cadmium _ 2.4x10°® <1 3x10™ <1 0.0% 6 0.15 9%
Lead 3.5x10° <1 3x10* <1 0.12 2 0.38 75
Zine 4.1x10" <1 0.06 <1 1.1 21 4.0 78
BARRED GML
Cadmium 2.1x10° <1 4x10°* < 0.01 5 0.18 95
Lead 3.1x10° <1 4x10 <1 0.14 24 0.45 76
Zine 3.7x10° <1 0.07 1 1.2 20 4.8 7%
MINK__ o e i e e e e T T
Cadmi um 2.1x10°® <1 0.001 <1 0.004 2 0.18 9%
€0.15 / 0.03)" (80 / 16)
Lead 3.0x10°% -« 0.001 1 0.06 6 . 0.90 93
_ (0.38 / 0.52) (39 / 54)
" 2inc 3.6x10" <1 0.24 1 0.5 3 15.7 95
(6.0 7 11.8) 26 1 71

b

Based on the worst-case scenario.

Numbers in parentheses represent the contribution from ingestion of mice and fish, respectively.
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|
1982). In their l{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 burden‘s in prey may not be availlable to predators. If the redl-ta;iled hawk and the
barred owl regu'rgitate bones and fur, the dose estimates presented in Table 5-9 are likely to
overestimate the:l amount of lead to which these receptors are exposed.

1

To prov1ge a perspective on the unclzertainty associated with dose estimates for lead,

intakes were calc';ulated 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
of three (Table ‘9-3). These data show that not accounting for assimilation is likely to
overestimate risks. \
9.2.2.5 Bioavaﬁliability of Metals \i
‘.

i

The broavarlabrhty of metals is well known to be decreased by association with soils and
sediments, mcludmg those in Tar Creek (McCorm1ck and Burks, 1987). Because of this
interaction with sorl particles, only a fraction of the metals ingested in contaminated soil is
actually available to be absorbed (and, therefore exert toxic effects). The bioavailability and
toxicity of metals: tvarres with the physical and chemical form of the metal. Metals sorbed to
partrculates or those that exist in a complexedg form are generally less bioavailable than metals
in the dissolved form The lack of correction of intakes for the reduced bioavailability of soil-

associated metals i m this assessment tends to oyerestrmate_ exposure and risk estimates.
1 |
ﬁ ’ |
1 ) *_ . l
9.2.2.6 Absorbed Versus Administered Dosle
‘ i
| ?
*l f
Most tomcologlcal data available for terrestnal orgamsms are based on admrmstered

versus absorbed doses The administered dose approach is conservative in that it does take into

|
| 919
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Table 9-3. Toxicity Quotients for Key Terrestrial

Raptors Using a 10 Percent Assimilation Fector for Lead’

RED-TAILED HAWK | : | | ‘ I

Cadmium | 1.6 0.16 - | 0. 0.07 NA®

Lead 8.3 0.16 (0.50)° | 0.02 ¢0.06) 0.1 NA

Zinc 111 5.2 0.05 3.5 NA

BARRED OML

Cadmium 1.6 ’ 0.19 ] 0. 0.08 B
e o e T T 0019 059y | 0.02 (0.0 0.13 ) NA

Zinc 111 6.1 ~0.06 ' 41 NA

Assumes that raptors regurgitate bones and hairﬁ' fherefore, 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.
Tas were rounded to one significant figure.

RME equals reasonable maximum exposure scenario.

RME TQs were calculated only if the worst-case TQ was greater than or equal to 1.

° Numbers in parentheses indicate values without incorporation of 10X assimilation factor.. .-




® ®
account the fact that some fraction of the administered dose may not be absorbed across lung,
|

skin, or gastrot-intestinal tract barriers. If 100 percent absorption of ingested or inhaled
contaminants d(})es not occur, then the dose|that actually effects a target organ or system would

be lower, and d"ose estimates given in Section 5.0 would overestimate the true risk to terrestrial
receptors. It is‘; generally agreed, however,l that the administered dose approach is reasonable

and provides re%ults that are protective' of environmental health.

9.2.3 Expm1re>BtMation for Aquatic Receptors
|

!

Dose-bas{ed estimates for aquatic organisms was not calculated in this ERA. Instead an
EPA-approved élpproach that accounts for water column concentrations of metals and their
toxicity to aquat;ic organisms (Stephan er 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 orgar}rism (i.e;, assimilation across gill membranes). While other pathways of
exposure, includ;ing ingestion of sediments and prey, does add to the overall dose and hence
potential toxicity%of metals to aquatic organisrns, generally, ingestion of contaminated sediments
while foraging is not a significant exposure pathway relative to the direct iransfer of chemicals
across the gill rrllxembrarte. This assumptioril is predicated on the fact that ‘most metals are
bioavailable to ahmﬁc life only when they 1are dissolved in the water rather than sorbed to
bottom or susper!?ded sediments (DiToro et I;al., 1991). O’Donnell et al. (11985) referred to

sediment as "a relatively large compartmenti with low availability," versus water, "a smaller
compartment of hrgher avallabﬂrty " Sedlments 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 (0 Donnell et 011 1985)

The Stepha\m ét al. (1985) approach ineludes the incorporau'on of chrortic toxicity values
(as opposed to the smgularly more conservatwe NOAELSs and LOAELs) for the four most
sensitive aquatlc specres expected to occur w1thm a partrcular site. By using the most sensrtrve

species, both the NOAEL/LOAEL and the toxrclty attnbutable to the 1ngest10n of« food

f

organisms or sechments are compensated. The extent of compensatron however cannot be
estimated. i
I
|
|
|
3
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9.3 UNCERTM ASSOCIATED WITH ECOLOGICAL ENDPOINTS

In mostcases, assessment endpoints cannot be directly measured, so measurement
endpoints are icienﬁﬁed that can be quantitatively related to an assessment endpoint. Various
measurement erirdpoints were selected to | identify stressor effects on prey and predator
populations incltixding the fish condition factor, predator distance from mine-related areas, results

of the toxicity assessment, and field survey results.
|

i
!

! ,
Fish condition factors were used as an'indicator of the general well-bemg of fish collected

onsite cons1der1ng their relative length and weight. It is recogmzed that these factors are subject
to the influence o‘f numerous parameters other] than direct influences of metals toxicity, including
food ava11ab111ty,; disease, general stress, and water temperature Although the fish appeared to
be in good condlmon based on condition factor results, other chronic effects directly associated
with metals toxr.c{lty or with other physical limiting factors (e.g., habitat limitations) might not
be detected by tlus approach. That is, condmon factors greater than one, such,as those observed

in on-site fish, do not conclusively mdlcate that adverse chronic effects such as suppressed

t
! |

Another aﬁuaﬁc measurement endpoint considered was the age classes of fish inhabiting

growth or reprodipctlon are not occurring. |
i

on-site ponds. Eighty five percent of the g\reen sunfish collected from subsite ponds were
apparently of Age I year class, suggesting that natural reproduction was occurring. Conversely,
the lack of fish 1n older age classes could 1ndlcate hlgher than normal mortahty, poss1b1y
attributable to vanous stresses, including harvestmg, predatton and metals toxicity. .Since
different samplmg methods were used with varymg success, it cannot be concluded that the
observed decrease in age classes is 1nd1cat1ve that the water is having a toxic effect. It is
possible that the observed decreases in age classes is indicative of the incomplete samplmg
approach used rather than a toxic effect. i '

!
y

i

1 |
B |

‘ |
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9.3.1 Uncertainty Associated with the Field Data

t

|
!

Both field surveys and exposure assessment results supply endpoints that are useful in

assessing potelltial effects due to metals toxicity. While the limited field investigations
conducted did not reveal adverse effects, the possibility that subtle chronic effects might be
occurring could | not be ruled out. In ordel!' to make the best use of the rhost data, toxicity
assessment and i,ield survey results were both used in this ERA to determine if adverse effects
on ecological rec?:eptors were evident or pos'sible. This approach is in accordance with EPA
(1992) guidance,i which states that, "generally speaking, field data, monitoring data, and toxicity
testing of contéminated media are more | useful and reliable than literature estimates."
Uncertainties ass?ociated with the toxicity assessment are discussed below.

[

i

1
{

Plots of priedator distance from mine-related areas formed a smooth curve, suggesting that
predators did not exhibit an obvious pattern of av01dance of mine-related areas. The distance
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 bylpredator distance from mine- elated areas, mining
stresses could cause avoidance in some ammals, attract others and have no effect on yet another
group. The dxstance between an animal and the nearest disturbed mined area may not be a valid

endpoint for all (parucularly more mobile) spec1es
' |

9.3.2 Uncertaimlty Associated with the Tox]icity Assessment
. . _
i N |
There is ('x%nsiderable uncertainty associated with the calculation and intérpretation of TQs

for all receptor groups evaluated in this ERA.| | Although TQs less than 1 generally indicate that
observable effects are not probable, there is no regulatory guideline for an acceptable ecologlcal
TQ level. A partlcularly difficult area of 1nterpretat10n is when TQs are only slightly higher or
lower than one. In these cases, other relevant information, such as field data and the estlmated
uncertainty bounds on the dose and tox1c1ty values need to be consndered before final
conclusions concernmg potential adverse effeéts can be made.

|
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A TQ of [1 indicates that the measured concentration exceeds a concentration that caused

'
!
i

some impact in ga certain test species under|a given set of experimental conditions. Within a
given ecosystenit, loss of some individuals in a receptof group is acceptable if the entire
population will r{xot be adversely impacted. Barnthouse and Suter (1986) state that "ecological
risk assessmentsi used in decision making should be based, to the greatest éxtent possible, on

objective esﬁmates of ecological damage |(e.g., probabilities of population extinction or

reductions in al;kundance 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 the field are significant enough to cause population-level effects. Furthermore,
there is not a hnear (one-to-one) relationship between i increasing TQ values and the probability
of adverse effec,ts. For example, a TQ of 2 does not imply that adverse effects are twice as
likely to occur m a given ecologic group as|a TQ of 1. The intent of the TQ approach is to
provide a continuious quantitative scale so that evaluation and rank ordering of potential impacts
can be assessed. i‘Thus, given that the goal of this ERA is to assess population-level effects, the
use of an arbiuary threshold of 1 for evaluating the potential for adverse effects on exposed
receptor populatizons may overestimate population-level risks, although the degree to which
potential risks are overestimated cannot be determined. :
%

9.3.2.1 Terrestrial Receptors

|
s

t

There are two main sources of uncertainty aSociated with calculating TQs for terrestrial

receptors: uncertamty associated with dosé estimates and the uncertamty associated with
derivation of TRVs Uncertainty associated with dose estimates was discussed: in Section 9 2.2.
Uncertainty is assocrated with the denvatlon of the TRVs used to calculate TQs,  since
toxicological benchmark data were not avarlable for the key species of. concein. Considerable
uncertainty exists 1n the toxicological values used to calculate TQs for terrestrial receptors both
from the ongma] studres (e.g., accuracy of observatlons recorded, vanablhly 1n dose, exposure
conditions, and routes of application, etc.) and from the application of uncertamty factors
Standardized uncertamty factors have not been developed for the purpose of dériving protective

TRVs for ecolog,rc receptors Adjustment factors addressing some of the same sources of

!

i
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uncertainty cons;idered in the derivation of human reference doses have therefore been developed
for use in this E[RA This approach is inten‘ded to ensure that the TRVs derived are adequately
protective of willdlife. }
|

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 ev1dence 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 tox1}c1ty estimates. This factor is predicated on the
expectation that cf:ontinued exposure at a given dose rate will produce increasing effects that may
not be evident af‘ter subchronic exposure. Chronic exposures are defined as those lasting at least
10 percent of thejE animal’s lifetime. In cases where the experimental exposure duration was less
than 10 percent of the animal’s lifetime, UFt2 was set equal to three. If the Texposure duration
was greater than? 10 percent of the animal’s ltifetime, UF2 was set equal to one. This approach
may be wnsewative in that there is no evidence to conclude that when ex:posure duration was
greater than 10 ﬁercent of lifetime that UF2 'should not be negative. While 'the precise impact
these assumptlons have on the resulting TQs cannot be accurately quantified, the evidence

presented here suggests that the resulting TQs may be conservative.

! :

. |
It is possible that additional uncertainty factors could be considered in deriving TRV for
terrestrial receptors For example, an addmonal uncertainty factor, UF3, could be used to

account for potentlal differences between laboratory test conditions and actual field conditions,

while UF4 could be used to extrapolate toxlcrty results obtained for a sin gle species to those

suitable for a commumty or ecosystem. Typlcally, UFs ranging from 1 to 10 are used to
extrapolate from laboratory to field condltlons Originally, UF1 and UF2 were set to three
based on the screntrﬁc rationale provided in Sectlon 7.3. A value of 10 probably represents a
very, perhaps overly, conservatlve estimate. To prov1de a perspective on how changmg the UFs
used to derive TRVs for terrestrial receptors could alter TQs, each of the four multrphcatrve
uncertainty factors (UF1 through UF4) was set equal to three based on the assumptions outlmed
in Section 7.3. l"hese new TRVs are shown in Table 9-4. Using the same "best" toxrclty data

|

1
i
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Using Four Uncertainty Factors Each Set Equal to Three

;Td:le 9-4. Revised Toxicity Reference Values for Terrestrial Receptors
i
|
i

Literature Value Toxicity Reference
Selected Uncertainty Value

[_Metal (mg/kg-day) Factor (mg/kg-day)

RED- 'I'A!LED! HAMK |

Cadmi um ! ‘ 14.6 81° 0.2
Lead ! 4] 27 0.9
Zine ‘ 1000 81 12.4
BARRED OuL! ’
Cadmium ! 14.6 81 \.0.2
Lead 1 25 27 ;0.9
Zinc | 1000 81 12.4
MINK 1 '
Cadmium ': 0.95 81 0.01
Lead | 3 81 0.04
Zinc ; 38 81 0.5

T

UF1 (interspecies extrapolation) |= 3, UF2 (acute-to-chronic extrapolation)

= 3, since the test duration was not longer than 10X of the animal's
llfetlme, UF3 (laboratory to field conditions) = 3, and UF4 (single

ojrgamsm to population) = 3.

UF1 (interspecies extrapolation) = 3, UF2 (acute-to-chronic extrapcvlafion)
=!3, since the test duration was not longer than 10X of the animal’s
llfetme, UF3 (laboratory to field conditions) = 3, and UF4 (single

orgamsm to population) =

f
|
!
s
|
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i Yable 9-5. Revised Toxicity Quotients for Key Terrestrial Receptors
i Using Four Uncertainty ractors Each Set Equal to Three

1
|

RED-TAILED HAWK | |

Cadnium ! 0.2 0.16 | 0.8 0.07 . NA®
Lead f 0.9 0.507 | 0.6 0.26 NA
Zinc | 12.4 5.2 0.4 3.5 NA
BARRED OWML ! ;

Cadmium 5 0.2 0.19 R 0.08 0.4
Lead ‘ 0.9 0.59 0.7 0.31 NA
Zinc | 12.4 6.1 0.5 4.1 NA
MINK !

Cadmium 1l e 0.19 , 19 0.1 1
Lead ©0.04 0.96 2% 0.6 15
zinc d  os 66 || 3 13.6 27

T

|

t t
Toxicisy quotients are dose divided by the toxicity reference value.
Tas were rounded to one significant figure.

i }

|
RME eqﬁals reasonable maximum exposure; scenario.
i i )

°  RME TQs were calculated only if the uo?st-case TQ was greater than or equal to 1.

|
|
|
|
!
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listed in Table 7-4 rev1sed chronic TRVs snd TQs for the raptors and the mmk are shown in
Table 9-5. These results show that adding two additional UFs would increase TQs by a factor
of eight to 11. s'Worst-case TQs for the ragtors remain below 1, with the exception of that for
cadmium and the owl, which equals 1. TheI RME TQ for cadmium and the owl is 0.4. Worst-
case TQs for the mink range from 19 for cadmlum to 33 for zinc, while RME TQs range from
11 to 27. The above calculations indicate that the use of two uncertainty factors to estimate risks
to communities versus individuals may underestlmate risk if all UFs are positive. It is possible,
however, that values for some UFs could be negative, which would tend to overestimate risk
estimates. '

|
!
-

|
9.3.3.2 Aquati‘e Organisms

The primary source of uncertainty!in calculating TQs for aquatic receptors is the
derivation of thef TRVs. Since an acute-t(i?-chronic ratio is not available for cadmium, the
estimated FAV :for cadmium was used to ‘.predict the chronic maximumn allowable toxicant
concentration (MiATC) (which is equivalent Eto the FCV) using Suter et al.’s (1987) regression
model. Use of tihe MATC as the chronicendpoint is conservative, since it is defined as the
effects»thresholdiat 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 populz{tion-level effects. The exact concentraﬁoh that would not be expected to cause

population-level ei:ffects cannot be precisely icalculated; however, the definition of an MATC
suggests that TQs greater than 1 do not necessarily imply the occurrence of adverse effects in
exposed populatjfpns. On the other hand,éas with any predictive regression equatio{n, the
calculated MATC could be higher or lower {han the true value. Therefore, the resulting TQs
calculated for cadmium could under- or overestlmate the potential that aquatic orgamsms‘ might

experience adverse effects. The degree to \whlch the TQ may under- or overestxmate such

f
effects, however, cannot be quantified. i
| |

For the rer;naining metals, there is uncertainty associated with and conservatism built into

the derivation of the FAV used to calculate TRV for aquatic receptors. For example, the FAV
! ) R oo .

|
t
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ni:ble 9-6.
1
|

Sensitive Species

i

to Derive TRVs for the Metals of Concern

Fathead Minnow Snail | Mayfly Midge Snail
lsé@d Fathead Minnow | Fathead Minnow Crayfish Snai l
| ! :
Bar{ded Bluegill Pumpk inseed Guppy 1sopod
Killifish | ‘
Snail Guppy | Guppy Crayfish | Futhéad Minnow
[ 5 *
| '
5 ‘.»
i
}
!
!
1
f
b
{
!
I
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|
is based on th«e!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. Centrarchids (sunfish),
ictalurids (catf.isfh), tubificids (aquatic earthworms), and chironomids (midgés), which are most -
likely to occur !m subsite waters, are not represented for cadmium or zinc. The fact that the
species used for. criteria denvatlon are generally more sensitive than subsite species will tend to
overestimate nsk estimates.

Furthermore, in calculatmg the fathead minnow (Ptmephales promelas) GMAV’s for
cadmium, the EPA selected the most sensitive life-stage of the fathead rmnnow Although data

from 23 toxicity tests are presented in the Ambient Water ‘Quality Criteria for Cadmium

(USEPA, 19845), only six were selected by EPA to calculate GMAVs. - All six data were
obtained from ttc;xicity tests involving fathead minnow fry. The toxicity data ranged from 0.01
mg/L to 0.05 m&/L (geometric mean = 0.026 mg/L). The remaining 17 data were obtained
from other life- étages including adult, and ranged from 0.63 mg/L to 73.5 mg/L (geometric
mean = 4.62 mg/L) These data for hfe stages other than the most sensitive life stage (fry)
were "not used m calculations because data were available for the more sensmve life stage"
(USEPA, 1984a) ‘Therefore, the estimation of the cadmium FAV would appear to be quite
conservative. ()h the other hand, the FAVs derived for the other metals could underestlmate the
potential tox1c1ty‘ of subsite waters to early life stages, smce these FAVs are not based solely on
data for sensitivé life stages. ‘

i
!

| . .
The calcﬁlation of TRVs for aquatic organisms was derived from the EPA guidance
document for calculatmg site-specific TRVs (Stephan er al., 1985). In so doing, the Genus
Mean Acute Values (calculated by EPA) were used for the four most sensitive genera potentlally
occurring on the site. The primary invertebrate species selected included I'OtlfCl'S crayﬁsh
midges, and snaﬂs Amphipods were excluded from thlS list because these organism are not
adapted for w1thstand1ng drought conditions and other adverse environmental condmons (i.e.,
such as those occurnng onsne) (Pennak, 1989). Based on the Stephan ef al. (1985) approach
by mcorporatmg Gammarus in the calculations, the only aquatic TRV that would be affected 1s
lead. The on-s1te stream segments where the TRV for lead could substantially exceed one would

1
9-20

B:\SEC9TXT.1 (03/24/93) -
| .
i

H 1]
| o - B 1



be Willow Creiek and Tar Creek, where background concentrations of lead exceed on-site
: 1
concentrations. | Therefore, the inclusion of Gammarus in the calculation of site-specific TRVs
1
are not expected to substantially affect the overall conclusions of aquatic risk assessment.

|

Hardness

|

TRVs fotr aquatic organisms inhabiting subsite waters were calculated using a single site-
wide hardness \:'alue (geometric mean equals 190 mg CaCO,/L) instead of values measured at
the individual st;ream stations. This approach significantly reduced the calculations necessary
to derive a TR;V, thus simplifying the report. TRVs vary directly with hardness for most
metals, and the !site—wide hardness value was somewhat less than most main-stem stream water
hardnesses. Evialuation of TQs on a station-by-station basis could be used td evaluate localized
effects, rank séeciﬁc 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 iusing the specific hardness and concentration data for that station. These data
are presented 'm} Tables 9-7 through 9-9 and summarized in Table 9-10.

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
hardness and concentration data were used (Table 9-7), TQs for zinc ranged from 0.4 at TC-1
to S5 at TC-2. ’Ii‘Qs 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). Th‘e fact that the TQs
for lead at TC- 1’ the station upstream of mlmng-related mputs also exceeds 1 1ndlcates that
nonmmmg-related sources of lead are mﬂuencmg the water quality of Tar Creek. Calculations
based on station-specific hardness and concentration data indicate that levels of cadmlum in the

downstream sect;ions of Tar Creek may also cause adverse effects in aquatic organisms in

addition to zinc.,

| i
Similar results for obtained for lead in Willow Creek (Table 9-8). The TQs for. lead at

the upstream stauon (WC-1) and at Station WC 2 were both 1, indicating that levels of’ lead in
:
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Table 9-7. T1Ryg ond TQs for Tar Creek Aquatic g

tors
Using Station-Specific Hardness

end Concentrati on Data

STATION TC-1

STATION TC-2

/ 2.2 0.002 0.5
Mercury ; 17 3.73 4.56 0.005 MD ¢.0001) .02
Nickel | 3,832 17.99 213 0.21 ND :<o.02> 0.09
Lead | 199 51.29 3.88 0.004 0.03 7.5
Zinc | s 2.21 387 0.387 0.18 0.4

f

|

‘

Cadmium | 10.5 0.010 ;012 1
Mercury : 17 3.73 4.56 0.005 ND (5.0001) .02
Nickel ;16,814 17.99 934 0.93 :027 0.03
Lead “ 2,171 51.29 42.3 0.04 .031 0.8
2ine 4,199 2.21 1,900 1.9 8.8 5

STATION TC-3
Cadmium 1 325 NA 13.6 0.014 0.022 2
Mercury. ‘ 17 3.73 4.56 0.005 ND (0.0001) .02
] -
Nickel 5'21,886 17.99 1,216 1.21 0.03 0.02
o
Lead 13,220 51.29 62,9 0.06 0.075 1
Zine 35,467 2.21 2,473 2.4 9.6 4
e == ; =
' f
ND - not de:tected; value in paranthesis Fepresents one-ha( f the reporting Limit

!
i
I
!
i
!
!
i
f
{
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Table 9-8.

TRVs and T@s for Willow Creek Aquatic Receptors
Using Station-Specific Hardness and Concentration Data

, 'STATION UC-1

|

: [ : :

Cadmium | 53 NA 3.61 0.004 0.0004 0.1
Mercury 17 3.73 4.56 0.005 ND (!0.0001) 0.02
Nickel | 5,595 17.99 3N 0.31 ND €0.02) 0.06
Lead L 415 51.29 8.1 0.008 0.01 1
Zinc i 1,396 2.21 631 0.63 0.15 0.2

E

%i STATION WC-2

| B
Cadmi um | 78 NA 4.8 0.005 0:002 0.4
Mercury {17 3.73 4.56 0.005 ND (6.0001) 0.02
Nickel ' 7,487 17.99 416 0.42 HD (0.02) 0.05
Lead 643 51,29 12.5 0.013 0.013 1
Zinc 19,868 2.21 845 0.85 0.64 0.8

|

1 STATION WC-3

L

9
 Cadmiun | 207 NA 9.8 0.010 o..oo{ 0.1
Mercury a7 . 3.73 4.56 0.005 ND (0.0001) 0.02
Nickel ' 15,585 17.99 866 0.86 0.02 0.02
Lead | 1,937 51.29 37.8 0.04 0.015 0.4
Zinc i 3,892 2.21 1,761 1.76 0.62 . 0.4
,1 ,
ND

not détected; value in parenthesis represents one-half the reporting limit,



STATION SB-1

Table 9-9. TRVs .and TQs for Spring Branch Aquatic Receptors
Using Station-Specific Hardness and Concentration Data

Cadmium | 314 NA 13,3 0.013 0:12 9
Mercury ’ 17 3.73 4.56 0.005 0.0001 0.02
Nickel 51,295 17.99 1,184 1.18 0.037 0.03
Lead 3,095 51.29 60.3 0.06 .01 0.2
Zinc 5,315 2.21 2,405 2.4 13.9 6

i

% 'STATION $B-2

{
Cadmium 385 NA 15.4 0.015 o.ois:. 4
Mercury L1z 3.73 4.56 0.005 ND (0.0001) 0.02
Nickel 34,836 17.99 1,380 1.38 0.028 0.02
Lead 3,906 51.29 76.2 0.076 0.004 0.05
Zinc 5,20 2.21 2,808 2.8 7.5 3

‘ :

ND = not detected; value in parenthesis represents one-half the reporting limit

1
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|

le)le 9-10. Susmary of Toxicity Quotients for COCs Based on Final Acute
Values Adjusted for Average Hardness at Each Sampling Stations where TQs Exceed 1

:

|

SPRING tgmucﬁ, $B-1 (UPPER STATION, n = 3)

Cadmium .314 0.013 0.12 9
2inc 5.3 2.4 13.9 6
SPRING BRANCH, SB-2 (LOVER STATION, n = 5)

Cadniun| .385 0.015 0.05 4

Zinc - 6.2 2.8 7.5 3

TAR CREEK, TC-1 (UPSTREAM STATION, n = 3)

Lead | 199 0.004 0.03 7.5
TAR mﬁéx, TC-2 (MID-REACH STATION, n = 3)

Cadmiun .229 0.01 0.01 1

Zinc 4.2 1.9 8.8 5

TAR CREEK, TC-3 (LOWER STATION, n = 3)

Cadmiun .325 0.01 0.02 2

2Zinc 5.5 2.5 9.6 4

Data are total recoverable values, see R1 Appendix D.

COCs shown are those whose TQ exceeded 1 using station-specifit;
hardness to adjust FAV.
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Willow Creek al.re dommated by nonpoint sources unrelated to mining. I‘Qs for all remammg
COCs in Wﬂtow Creek were less than 1, which indicates that adverse effects to aquatic
organisms inhabiting this stream are not probable.
|
Results based on the site-wide mean hardness for Spring Branch -indicated that :adverse
“effects from exposure to upper-bound and mean concentrations of cadmtum and zinc were
possible (Table 8 -1); upper-bound TQs for cadmium and zinc were 2 and 9, respectlvely, while
mean TQs for c.,adrmum and zinc were 10 and 7, respectively. When site- spec1ﬁc hardness and
concentration data were used (Table 9-9), mean TQs for cadmium at Station SB-1 and SB-2 were
9 and 4, respe(‘uvely, while the mean TQs for zinc were 6 and 3, respectively. These results
show that using the site-wide mean hardness value overestimated nsks for exposure to cadmium
at SB-2 and to zmc at both downstream stations. Potential risks to orgamsms at Station SB-1
from exposure fo cadmium were underestimated. The overall conclusion remains the same;
potential adverse effects from exposure to cadmium and zinc are possible.
. |
9.4 OTHER FA{CTORS AFFECTING METALS TOXICITY TO AQUATIC RECEPTORS
|

§

| o .
Scientiﬁc}investigations have determined that several factors may affect the actual toxicity

of metals. The quahty of surface waters within the BS/T subs1tes seems to support this theory
as exemplified m‘ the following discussions. Measured concentrations of some site-related metals
at some locatlons, 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 TRV for zinc adjusted for a hardness of 190 mg CaCO,/L is 1.4 mg/L, while the
arithmetic-mean concentrahon of zinc in on-site surface water bodies ranges from 0.6 mg/L in
Willow Creek to§9.9 mg/L in Spring Branch (3 to 50 times the site-specific value).
N |

Despite th*esé relatively high levels of zinc, multiple species of fish ref;resenting various
age classes are known to exist in on-site streams. The fact that these exceedances coincide with
apparently normal natural populatrons may indicate that the site-specific TRVs developed in

Section 7.0 mayl be overprotective for thls ecosystem, and/or that other factors may be

| |
|
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influencing theitoxicity and/or bioavailability of the metals present in on-site surface water -
bodies. Such f;ctors include (but may not be limited to) the sensitivity of the species: present |
onsite, the metails’ speciation status, evolutionary or acquired tolerance, antagonism among the
metals, water hailrdness, and the frequency of occurrence of toxic conditions.i Conversely, other
factors could m?rease the toxicity of site-related metals. For example, cxpfosure to a mixture
of COCs by -ke';-,y 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 geinerally more bioavailable.

i

i

9.4.1 Acclimation and Tolerance

Toleranci can be achieved by physiological acchmanon during low levels of exposure
and/or by genetrcally based mechanisms. Physiological tolerance is not inherited, and such
individuals lose 4the1r tolerance when transferred to unpolluted environments, while genetic
tolerance is mhcnted by offspring regardless of whether they are reared in polluted or
nonpolluted env[]ironnrents (Mulvey and Diamond, 1991). An organism’s tolerance to
environmental sitressors is greatly affected by the environmental conditions previously
experienced, i. e pnor exposure to the stressors (Chapman, 1985). Acclimation of fish
populations resultmg in increased tolerance to concentrations of zinc exceeding AWQC has been
documented in thp literature (Spehar, 1978; Chapman, 41978, 1985; Sinley er'al., 1974, Rahel,
1981). Melanconi; ahd Miller (1984) conducted in situ bioassays at Prickly Pear Creek, Montana,
and reported decreased mortality in resident brook trout and hatchery brook trout expdsed to
effluent spiked thh zinc and copper that were allowed to acclimate 7 to 10 days in the Creek.
Chapman (1985) reported 90 percent of early life stage chinook salmon pr evrously acchmated
to 0.51 mg/L zmc for five months survived a 96-hr exposure to 1.4 mg /L zinc (the LCSO)
Similar acchmatron to elevated zinc concentrations was reported by Sinley eral. (1974). Ina
21-month test, rambow trout exhibited up to a four-fold increase in their tolerance to zinc when
exposed as eggs to concentrations of zinc ranging from 0.01 to 0.55 mg/L Spehar (1976)
reported that adult ﬂagﬁsh (Cyprinodontidae, Jordanella ﬂondae) showed & three-fold i mcrease
in tolerance to zmp when exposed as eggs and fry. These results demonstrate that acchrrixatmn

to zinc during eariy life stages can result in an increased tolerance to zinc by some species.
i

t

i
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The fact!that the myriad of fish species inhabiting on-site streams and ponds have been
exposed to zinc levels above AWQC levels during early life stages suggest tha%t these populations
may have acclinflated to the relatively consistent (long-term) presence of elevated levels of zinc
in on-site surfacire water bodies. Since the potential for acclimation by reéiident fish was not
directly evduat%d, the degree to which acclimation may ameliorate the toxicity of metals in
subsite surface v;vater bodies cannot be determined. Furthermore, while the studies cited herein
were not conduci:ted using fish species that are known or suspected to occur onsite, they do
indicate that amiimaﬁon 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 lbO years. Populations of aquatic organisms that have continued to exist and
reproduce with.ir; the subsites throughout these years have been subjected continually to these
conditions and, %a.s a result may have acquired a certain level of tolerance. Tolerance can be
broadly defined ;13 “the ability of an organism to cope with the stress associated with exposure
to metal concent:rations that are inhibitory or lethal to nontolerant individuals" (Mulvey and
Diamond, 1991)5. Although the presence of various fish species in surface water bodies with
elevated metals ctoncen_tratibns suggests that such geneticailyfacquired tolerance to metals of the
subsites may be c;ccurﬁng, site-specific studies to examine this phenomenon: were not conducted.
If fish at the sitei hav¢ developed tolerance (acquired or inherited), then the TRVs used in this

assessment will lead to overestimation of risk.

\
l

1 .
9.4.2 Metals Speciation and Bioavailability

i
i

Metal sp‘aigiaﬁqn and bioavailability are also important in determining the toxfcity of
metals to aquatic ;organisms. It is widely accepted that metals have highly variable toxicity due
to their interactiohs with other materials present in the water (Chapman, 1985). The formation
of less toxic metail complexes can account for the diminution of metals toxicity in natural waters
(Chapman, 1985):. High concentrations of some inetals‘ can be tolerated by aquatic organisms
if the metals arJe% bound or complexed to particulates in the water.‘ Factors affecting' metal

speciation and ch:emical form include pH, hardness, alkalinity, suspended solids conteﬁt, the
'9-28
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presence of orgainic 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 ?.0, zinc occurs mainly as a monohydroxide ion (78 percent), as zinc carbonate
(16 percent), anfd as free ion (6 percent) (USEPA, 1987). Generally, waters with higher
alkalinities tend {o result in the formation of insoluble zinc carbonate and hydroxide compounds
that are not readhy absorbed by most aquatic species (USEPA, 1987). Furthermore, Allen ez
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
specifically addré:ss the BS/T subsites, they do suggest that speciation and/or complexation of
metals could ungﬁomm their toxicity there as well. Since the speciation of metals in subsite
waters was not dfetermined, the degree to which this phenomenon may influence metals toxicity
cannot be determ{ined.

1

I
9.4.3 Effects of Exposure to Mixtures of Metals

The cumﬁlative effects of simultaneous exposure to multiple metals by terrestrial and
aquatic receptors% was evaluated, since it is possible that the cumulative effects of simultaneous
exposure to multiiple metals may result in the mixture being'more toxic than eiposure to a single
metal. Cadmiur:n tends to act antagonistically with zinc in many plants and animals (both
terrestrial and aciuatic), while lead tends to act synergistically with cadmiuhl and zinc. For
example, Weis axfld Weis (1991) found that the presence of zinc increased the viable hatch of
herring eggs in S)f'ste‘ms with 5.0 mg/L cadmium. Although all metals (i.e. copper, mang’imese,
iron, etc.) withix{l the terrestrial and aquatic ecosystems fnay exhibit cumulative effécts on
organisms, it is a:ssumed that cadmium, lead, and zinc represent the majority of toxic affects.

If the effécts‘ of cadmium and lead and lead and zinc are assumed to be additive, the
cumulative wors.té—case TQ (Table 8-3) for the raptors (determining by summing the individual
- TQs for cadmiunfl and lead and lead and zinc) would still be well below 1. The cumulative
worst-case TQ foér the mink would be 7. If all COCs were assumed to be additive, cumﬁlative
mean TQs woulldf range from less than 1 for the raptors to 9 for the mink. Similarly, the

i
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cumulative worst-case TQs for aquatic receptors exposed to cadmium, lead, and zinc 1nhab1t1ng

subsite ponds (I‘able 8-2), onsite streams, the Spring River (Table 8-1), and the Neosho River
(Table 8-1) would be 11.5 (BP-1), 1.7, 1.4, and 0.5, respectively.
i .

Conversely, if cadmium and zinc do act antagonistically, TQs for the mink (determined
by subtracting the TQs for cadmium and zinc) could be equal to 1. If cadmium and zinc are
assumed to be ar!ltagonistic, the TQ for Spring Branch would be 3.

Uncertain{ty is also associated with the fact that only cadmium, leéd, and zinc were
evaluated for keyf 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 tlme of sampling suggested that these chexmcals were the most abundant and
potentially toxic of the mining-related chemicals that might accumulate in ecologlcal receptors.
No other meta].sE were detected above background concentrations in subsite streams. The
presence of addigion metals including cobalt, iron, manganese, mercury, nickel, and silver in
subsite ponds sugéwm that terrestrial receptors could ingest other metals in adciition to cadmium,
lead, and zinc if subsite ponds were used as a drinking water source. Since tenestﬂal receptors
are expected to qbtain only a small amount of their total daily water needs f;rom subsite ponds
given the other s’purces of water, the dose esti_mates presemed in Section 5.0 are not expected
to be substantiallfs' underestimated. |

S

Mercury imd copper were identified as COCs for air, since these compounds were
detected in the fme 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 alteq dose estimates, since the inhalation pathway was minor relative to 1ngest10n
of prey. Itis poss1ble that mice could have accumulated cobalt and manganese from subs1te soils
as well. Exclusmn of cobalt and manganese from prey is not expected to substantially i mcrease
risk estimates, smce manganese and cobalt are not parucularly toxic to mammals :Some
mammals can tol;erate up to 1000 mg/kg manganese per ‘day without expériencing adverse
effects, while rats;s can tolerate from 25 to 250 mg/kg-day of cobalt (Venugopal and Lﬁckey,

i
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1978). Neverth:eless, assuming that terrestrial receptors were exposed to cadmium, lead, and

zinc only may underestimate their true risk.

9.5 PHYTOTOXICITY
i
The phﬁbtoxicity data used in the ERA are concentrations that researchers estimated
caused some reducﬁon in crop yield. The mean value was assumed to be more susceptible to
the number of tésts the researchers conducted and the concentration of metal used in a given
study, which has? the effect of skewing the data in the direction of most reséarch results. For
example, if the fesearchers conduct studies primarily with high metal concentrations resulting
in high crop yielid' 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 wa:s used, as it was considered more representative of the rangé of data shown to
be phytotoxic. |
|
Use of tile median phytotoxic concentration could under- or overestimate the true
phytotoxic potential of subsite soils. To provide a perspective on the uncenaiﬁty associated with
using the mediari 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 nflinimum phytotoxic concentration for cadmium, copper, lead, and zinc.

|
!

Minimumf and median phytdtoxic concentration data were compmred to the mean and
upper-bound conéentration of COCs in Ag/A and near-pile'soils (Section 8.0). Use of Ag/A soil
data is appropnate since crops are currently being grown in Ag/A soils and the species used in
most of the phytotoxmty studies are agronomic. Results of direct comparison of the
phytotoxicity datz!l thh near-pile soil concentrations are more uncertain, since toxic_ity data are
not available for onsite non-agronomic plant species. If the minimum phy'totOXic concentration
is compared to the upper-bound concentration of COCs in near-plle soils, ’IQs 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 phytotomc concentration results in TQs for zinc less than 5.

|
| 9-31

B:\SECPTXT.1 (03/24/93)

+



Table 9-11.

Phytotoxicity of Metals in Hear-Pile Soils - Agronomic Species

CBdmiumr 5 40 6.6/4.5 1/0.9 0.2/0.1
Cobalt 24 NA® 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 17712 4/3

® Toxicity quotient equals the concentration in near-pile soils divided by the minimum phytotoxic concentration.

All vatues are rounded to one significant figure.

® 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 ;;toxic effects of metals on plants must be put into perspective iby considering the
following pointsi: (1) TQs based on the median zinc phytotoxic concentration were not
substantially ele{'ated 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 spemes‘ 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 agronc!:mic piants (Adriano, 1986). Moreover, plant-available fractions of the total
zinc concentratioh in near-pile samples determined from onsite monitoring data collected during
the RI ranged friom 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 UlSC" total recoverable
concentrations t.o‘, 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 (Chenopodium album), sheep
sorrel (Rumex ac;etosella), redtop (Agrostis gigantea), broomsedge (Androﬂogan virginicus),
switchgrass (Pan'icum virgatum), common ragweed (Ambrosia artemisiifolia), and pigweed
(Amaranthus spp. ,) These data taken as a whole indicate the existing levels 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~. '
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| 10.0 RISK CHARACTERIZATION
i

Risk charactenzatlon involves estimating the magnitude of potential health nsks and
makmg summary judgments about the nature of potential adverse impacts to ecologlcal
receptors. Tllns section evaluates potential adverse effects to key terrestrial and aquatic
species associ?.ted with exposure to COCs at the subsites using two integrated approaches.
Risks were as.f;eséed by comparing the measured or estimated exposure levels (i.e., dietary
intake or expo%ure ‘concentration) with chronic toxicity values as described in Sections 7.0 and
8.0. Field Sur'v_ey 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 th‘_e' quantitative toxicological comparisons were used to obtain a realistic

: | A
assessment of potential impacts.

H
i

10.1 AQUATIC RECEPTORS
|

The aqtzxatic 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 waltter systems can be affected by rainfall and drought, stream habitats are
particularly 'winemble to the effects of high ‘arid low flow conditions. During low flow
periods, for ex;mole, elevated water temperatures and low oxygen levels can occur, while
during high ﬂoévperiods, 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
agricultural an& nonvegetated mill waste areas. When temporary in-stream impoundments
(created to provide’ a source of drinking water for dgricuitural livestock) fail; heavy sediment
loads can be m&wucw 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 relatlvely good condltlon

i
|
i

Slmllarly, the deeper on-site talhngs and sub31dence pit ponds prov1de a somewhat

more stable habltat and aquatic biota surveys indicated a diversity of fish spec1es in apparent
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good conditio;n. Overall, the aquatic survey results revealed that exposed fish populations in

i

most on-site siurface water bodies were not experiencing acute impacts, as no obvious signs
of chemical orE physical stress, such as those noted in the FWS Hazard Reviews, were evident
in the fish coillected. It was necessary, however, to evaluate the possibility that aquatic
organisms inhi'abiting subsite streams and ponds could be experiencing chronic effects from
exposure to site—related metals. Chronic effects were assessed by comparing measured
surface-water ‘f:oncentrations with chronic toxicity reference values (TRVs), i.e., application
of the TQ aipproach, in conjunction with the site-specific biosurvey data and other
information/da:ta available in the scientific literature. Results of all methods and data sources
are discussed itndividually for all surface waterbodies.

10.1.1 Sprimgt and Neosho Rivers

!

For theiSpring River toxicity assesSment,_ historical water quality data for the reach
located east Oft Baxter Springs was used. Water chemistry in this reach is dominated by
contributions fr;om upstream tributaries. Mean TQs for aquatic populations were less than
1 for all three iCOCs: 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 toxicitly reference values calculated for aquatic species that could occur in ephemeral
streams of souﬂ‘least.Kansas. A recalculation of the criteria based solely on species that occur
or could occur in the river would probably somewhat modify the TQs. |

The ecoliogical endpoint assessment summary for the Spring River is presented in
Table 10-1. Bic’?ta in the Baxter Springs reach of the river were not surveyed for this study,
and without suﬁport from field observations, the toxicity assessment was used to evaluate
potential 1mpa<‘ts Existing literature appears to support the TQ numbers for the Baxter
Springs reach, 1n that a variety of fish spec1es reside in the river and clean-water benthic
organisms are present (Ferrington et al, 1988; KDHE, 1980) Nonetheless, the aquatlc
organisms in pmt'tlo:ns of the Spring River and upstream tantanes are impacted by mir;ing-
related runoff ar'ld seepage, specifically with respect to cadmium and zinc concentrations

|
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Is a significant reduction in key aquatic 1. Based on results of toxicological evaluation (TQs) and contribution of subsite water
populations possible? to the Spring River, influence from on-site discharge is not expected to cause a
. significant reduction in populations of key aquatic species.
__H.2.__ |.Couid intake of metals result_in chronic_ .. | 2....] Intake-of-site-retated metals-is-not-expected to add an appreciablé increment of
} toxic effects in aquatic populations?. toxicity above that impact emanating from mining and other activities upstream to
.- - which aquatic organisms are exposed. T@s 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.

3. Are gross signs of acute toxicity absent? 3. 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.

4. Has community structure been obviously 4, Aquatic organisms were not sampled from the Spring River during the RI, as the Spring

" impacted? 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.

S. Have significant community level transfor- 5. N/A
mations occurred in plant and animal
systems? :

6. Is water quality in sufficient to support a | 6. Based on TQ results, water quality within the Spring River appears to be sufficient to

diverse natural aquatic community? support a diverse aquatic community.

7. Have significant habitat modifications 7. N/A

occurred?

8. Are significant reductions in reproductive 8. Based on TQ evaluations, no significant reductions in reproductive fitness. of key

o | fitness of-key aquatic species probable?’ - “aquatic species is expected.

9. Could T&E species that may occur onsite be 9. N/A

adversely impacted?
10. | Are soils phytotoxic? 10. | N/A




® ®
‘f

primarily frontl Short Creek near Galena (USGS, 1992). Based on the :reshlts of the toxicity
assessment _anid the minor flow contributions of subsite water to the Spring River, influence
from on-site d]ischarge is not expected to cause a significant reduction in populations of key
aquatic specie;. |

The to);;ricity assessment for the Neosho River, below Tar Creek: inputs, is based on
a very limited !idata base of six water samples (OWRB, 1983). TQs for the COCs cadmium
and zinc were ibelow 1 indicating an apparent lack of chronic impacts. Again, these results
should be vie»ived as estimates only since they are based on limited and outdated water
chemistry data?gand little field data are available. In support of this conclus;ion, Aggus et al.
(1983), indicafed that aquatic organisms inhabiting the Neosho River are not impacted by
metals from T?.r 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 amelioratin‘g effects of increased water hardness within the Neosho River (Table 10-2).

10.1.2 Tar Cl%jeek

Mean TQs for zinc and manganese in Tar Creek equal 6 and 0.4, respectively (Table
8-1) suggesting that adverse chromc 1mpacts to aquatlc organisms are possible from exposure
to elevated zrnc& lévels. A comparison of the mean and upper bound zinc concentrations for
Tar Creek with the Criterion Maximum Concentratron for zinc indicates that’ acute effects are
also possible (TQ 11). Results of field mvest1gat10ns indicate that fish nwmbers in the lower
segment of Tar Creek were low relative to other streams within the subsites, probably as a
result of the combmatlon 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 (_i;e.,' Ictalurids-catfish and Cyprinids-minnows). All fish collected form Tar

Creek had wncliﬁon factors greater than 1.

1
T
i
l
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Table 10-2.

Ecological Endpoint Assessment Summary for the Neosho River

1. Is a significant reduction in key aquatic 1. According to Aggus et al. (1983), aquatic organisms inhabiting the Neosho River
populations possible? 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 mcreased water hardness
of the Neosho River.
—2:— - | -Coutd-intake of metals ‘Festlt in chronic toxic ~ | 2. | An evaluation of metals t;xunty to aquatlc organisms known or suspected to
effects in aquatic populations? 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 TQ values were less than 1.

3. Are gross sighs of acute toxicity absent? 3. Biosurveys of the Neosho River were not conducted during the Rl, since this river
receives metals input from several other sources. Fish species composition and
productivity within the Neosho River downstream from Tar Creek showed no apparent
effects from mining activities (Aggus et al., 1983).

4. Has community structure been obviously impacted? 4, Community structures of the Neosho River has not been impacted primarily because I
of the ameliorating effects of increasing water hardness in the Neosho River
(Aggus et al., 1983).

5. Have significant community level transformations 5. Although aquatic organisms may be severely stressed in Tar Creek because of the

occurred in plant and animal systems? mine discharge (including Picher Field) upstream, asquatic communities are not
impacted within the Neosho River, primarily because of the ameliorating effects -
of increased water hardness within the Neosho River.

6. Is water quality sufficient to support a diverse 6. Based on TQ results and data reported by Aggus et al. (1983), water quality

natural aquatic community? within the Neosho River appears to be sufficient to support a diver aquatic
’ : community.

7. Have significant habitat modifications occurred? 7. N/A l

8. Are signific'ant reductions in reproductive 5. Based on TQ evaluations, no significant reproductive fitness of key aquatic

fitness of key aquatic species probable? species is expected to occur within the Neosho River.

9. Could T&E species that may occur onsite be 9. N/A

adversely impacted?
10. Are soils phytotoxic? 10. N/A 1




@ ®

The ecéological endpoint assessment summary for Tar Creek is pfresented in Table

10-3. Aquatici: habitat in most of Tar Creek is marginal based on the periodic absence of

water within ti1e stream channels. During dry periods, Tar Creek within the Treece subsite

is reduced to q series of ponds within the channel, which provide limited habitat. The overall

stream habita.tiwas rated poor-to-fair using EPA’s Stream Habitat Assessment Methodology
(USEPA, 198§e).

§

|

Dunng;the 1991 RI sampling program, no signs of acute toxicity were observed. Fish
collected at 1the downstream sampling location (TQ-3) were in good condmon thh no
evidence of st,ress‘ (lesions, abnormal accumulations of mucous, or parasites). The fish
species sampleh during the 1991 RI sampling program were representative, although not all
inclusive, of ﬁ‘;sh species expected to inhabit intermittent drainages within southeast Kansas.
Fish species collected within the lower reach of Tar Creek included green sunfish, redear
sunfish, warmcé)uth, and an unidentified sunfish. As indicated by the low numbers of fish
collected w1thl:n 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 limiteﬁ suitable habitat for such support is also impacting the potential for a diverse
natural aquatic§ community. Based on the 1991 RI sampling results, the numbers of fish
collected do no;t support any conclusions as to the natural reproduction of aquatic species.
Fecundity asses:sments were not conducted as part of the RI program. TQ results indicate that

reproductive efifects are possible.
? |

Tar Creek has been impacted by mining and agricultural influences. Agricultural
influences are hrmted pnmanly to the adverse effects associated with sedimentation of stream
pools from ruanf 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 land unvegetated mine affected areas and the chemical (metals) tox1c1ty
associated with surface runoff and ground water recharge of the streams. Beneﬁc1a1 effects
of mining mcluqe 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
| 10-6
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Table 10-3.

Ecological Endpoint Assessment Summary for Tar Creek

"‘.

‘ 1. Is a significant reduction in key aquatic 1. Physical habitat within Ter Creek limits the capacity of the stream to support aquatic life.
populations possible? 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 cotlected included green sunfish (2), redear sunfish (3), warmouth (1), and
an unidentified sunfish (2). Condition_factors of_the fish.collected were-greater-than-1-——|I -
2. 77| coutd intake of metats result in chromc toxic 2. Results of the toxicity assessment (T@s) indicate possible adverse acute and chronic effects .
effects in aquatic populatlons? ) from exposure to zinc (i.e.,, TQs exceed 1).
3. Are gross signs of acute toxicity absent? 3. Durmg the 1991 Rl sampling program, no signs of acute toxicity were observed. Fish collected
. were in good condition with no evidence of stress (lesions, abnormal accuuulatlons of. mucous, or
parasutes).
4, Has community structure been obviously impacted? 4, Based on the limited aquatic habitat that was rated as "poor to fair," aguatic community impacts
: resulting from mining activities are considered minimal. The entire Tar Creek system within the
Treece subsite has intermittent streamflow at best. )
5. Have significant community level transformations 5. The fish species sampled during the 1991 RI sampling program were representative, although not
occurred in plant and animal systems? 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.
6. Is water quality sufficient to support a diverse 6. As indicated by the low numbers of fish collected within the lower reaches of Tar Creek and the
natural aquatic community? _results of the toxicity evaluation (T@s), 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.
7. Have significant habitat modifications occurred?, 7. Hiabitat 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 Llimits the availability of aquatic habitat.
8. Are significant reductions in reproductive fitness | 8. Based on the 1991 RI sampling results, the numbers of fish collected do not support any
of key aquatic species probable? conclusions as to the natural reproduction of aquatic species. Fecundity assessments were not
conducted as part of the Rl program. TQ results indicate that reproductive effects are
possible.
9. Could T&E species that may occur onsite be 9. Upper-bound Tas. calcutated-for-T&E. species -(amphibians) were less than 1, indicating that
- - - | -adversely impacted? chronic adverse effects are unlikely.
10. Are soils phytotoxic? 10. | N/A




‘seepage which‘i augments the base stream flow. Tar Creek has been channelized several times
in response tof ROD requirements thus removing additional pool habitat and sedimentation
resulting from{ both mining and agricultural activities.

t

i

Inconsifstenci_es between observational field data and calculated TQs (which indicated
potential chrorhc and acute affects) could also be due to several factors that could ameliorate
the toxicity ofl elevated metals levels onsite. These factors include metals speciation, high
alkahmty and! hardness acclimation and evolutionary tolerance of indigenous species to
metals, and bloavallabmty of metals. The water chermstry in Tar Creck is based, to some
degree, on the mteractlon between alkalinity, hardness, and metal speciation. The actual
bioavailable cc{)ncentratlon of zinc produced by this interaction is unknown; however, it is
possible that b;ioavailable zinc is significantly lower than measured total recoverable zinc.
In addition, aciclimation and/or adaptation of fish populations to zinc has been documented
in the 1iteraturé (Chapman, 1978, 1985; Melancon and Miller, 1984). The cumulative impact
of all of thesei’mitigating factors>may account for the field data indicating that the species
currently in re$idence do not exhibit an apparent pattern of acute toxicity. However, certain
biota that are nflore' sensitive to elevated concentrations of zinc and which could be expected
to exist in Tafr Creck may have been excluded due to both the physieal and chemical

limitations. [
i

10.1.3 Willow Creek

t
i
e

Mean TQs for COCs in Willow Creek (cadrmum lead, and zmc) were below 1 (Table
8-1), which mdlcates that adverse effects on aquatic orgamsms are not lil kely Evaluation of
ecolog1ca1 endpomts relevant to Willow Creek are shown in Table 10-4. Observatlonal field
data for WlllOW 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 poqu during dry periods, one location (WC-1a) between sampling stations WC-1
and WC-2, an iartiﬁcially-created impoundment with no stream flow, provides poor—fb—fair

i
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Table 10-4. Ecological Endpoint Assessment Summary for Willow Creek
1. Is a significant reduction in key 1. Physical habitat within Yillow Creek limits the capacity for the stream to support
aquatic populations possible? 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 (34),
purpkinseed (3), warmouth (6), spotted_sucker (2),_brook-silverside (1);~and-various—— "
|- e o e e e e = e BeC TS Of dace (2).  Although actual population estimates were not conducted, the
results of the 1991 samling progrem indicate populations of key aquatic species have not
been significantly reduced.

2. Could intake of metals result in 2. An evaluation of TQs for the metals of concern within Willow Creek indicate that adverse
chronic toxic effects in aquatic acute and chronic effects are not expected (Tas for all COCs were less than 1).
populations?

3. Are gross signs of acute toxicity 3. During the 1991 RI sampling program, no signs of acute toxicity were observed. Fish
absent? collected were in good condition with no evidence of stress (lesions or abnormal

accunulations of mucous).

4, Has community structure been 4, Based on the limited aquatic habitat that was rated as "poor to fair," the aquatic
obviously impacted? community structure is not obviously impacted by subsite activities. The factors

timiting 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.

5. Have significant community tevel 5. The fish species sampled during the 1991 Rl sampling program were representative of fish
transformations occurred in plant species expected to inhabit intermittent drainages within southeast Kansas. Species
and animal systems? collected inctuded largemouth bass, -white crappie, green sunfish, bluegill, warmouth,

longear sunfish, redear sunfish, pumpkinseed, spotted sucker, brook silverside, and
various dace species.

6. Is water quality sufficient to 6. As indicated by the sampling of numerous fish species within Willow Creek, water quality.
support a diverse natural aquatic of Willow Creek appears to be sufficient to support a diverse natural aquatic community,
communi ty? especially since the evaluation of TQs indicates that chronic effects are not likely.

7. Have significant habitat 7. Habitat modifications have not occurred as a direct result of mining activities within
modifications occurred? Willow Creek; however, habitat has been altered occasionally by activities associated

with area agricutture. Willow Creek occasionally is impounded by earthen dams creating
temporary habitat. However, the dams are frequently hreached csusing increased
sedimentation and siltation downstream. Willow Creek aguatic habitat is naturally
Llimited primarily-due- to -intermittent flows. ) o

8. Are significant reductions in 8. Based on the 1991 R! sampling results, the green sunfish are reproducing naturally as
reproductive fitness of key aquatic indicated by the presence of three age classes. Numbers of other species collected were
species probable? insufficient to determine reproductive fitness. Fecundity assessments were not conducted

as part of the Rl program. TQs indicate that reproductive effects are not expected.

9. Could T&E "species that may occur 9. Tas calculated for T&E species show that adverse effects are not expected.
onsite be adversely impacted?

10. Are soils phytotoxic? 10. | N/A




habitat which i 1s limited to bank vegetation and streamside cover. Fifty-six fish representing
nine species were taken from this area. All fish sampled appeared healthy with no indications
of external parasrtes or physical or chemical stress.

Thus, ,t{he 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 alrdverse chronic effects. An exception is the occasional mine water discharge
associated with‘1 the Bruger shafts near WC-2. Mine water discharge from the Bruger shafts
on Willow Cre;ek near WC-2 contains zinc at concentrations that could bé acutely toxic to
resident aquatic organisms. Historic sampling results (KDHE, 1987) suggest zinc
concentrations %)f more than 21 mg/L may be present in the discharge, and depending on the
amount of ﬂow%in Willow Creek available for dilution, Bruger shaft inputs ¢ould have short-
term impacts on the aquatic system. These infrequent surges are likely to cause acute
toxicity, possibly more severe than in Tar Creek where fish may have become acclimated or
adapted to contlnuously elevated concentrations of zinc.

10.1.4 Spring Branch

{
i

Mean ’I‘és based on the mean concentration of cadmium and zinc COCs for Spring
Branch were 10 and 7, respectwely, shown in Table 8- 1 indicating that adverse chronic
effects to aquatrc organisms inhabiting Spring Branch are possrble Comparison of the mean

and upper-bound cadmium and zinc concentrations to the Criterion Maximum Concentrations
indicates that acute effects are also possible. Conversely, aquat1¢ surveys of Spring Branch
indicate that the diversity and number of fish present are similar to that expected- for
intermittent dramages within southeast Kansas (Table 10-5). The fish collected in Spnng
Branch appeared to be in good condition and did not display evidence of ph ysrcal or chemical
stress. The green sunfish collected represented four age classes indicating possible normal
reproduction amongst this particular population of green sunfish. Numerous site—speciﬁc
factors influence the actual toxicity to these resident species. These factors include adaptation

and acclimation lof the fish, and dilution in the lower segment of Spring Branch.

!
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Table 10-5. Ecological Endpoint Assessment Summary for Spring Branch

Is a significant reduction in key aquatic species possible?

e+ et ooy e - = ot

A diverse population of fish was sampled during the 1991 Rl sampling program.
Species of fish collected included predominantly green sunfish atong with yellow
bul Lhead, chubs, and plains topminnows. The green sunfish sample represented

“were all above 1.

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

An evaluation of Tas 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 TAs were > 1).

Are gross signs of acute toxicity absent?

During the 1991 RI sanplin§ 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).

Has community structure been obviously impacted?

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.

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

The fish species sampled during the 1991 Rl sampling program were representative .
of fish species expected to inhabit intermittent drainages within southeast
Kansas. Species collected included green sunfish, yeliow bullhead, plains
topminnow, and various chubs.

Is water quality sufficient to support a diverse natural aquatic
communi ty? : :

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.

Have significant habitat modifications occurred?

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 TQ 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.

Are significant reductions in reproductive fitness of key
aquatic species probable?

Based on the 1991 Rl sampling results, the green cunfish are reproducing
naturally as indicated by the presence of four age classes. Numbers of other .
_species. col-lected-were—-insufficient to determine reproductive fitness. Although
fecundity assessments were not conducted, TQs indicate that reproductive effects

are possible.

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

Tas calculated for T&E species show that adverse chronic effects are not
expected.

10.

Are soils phytotoxic? -.—- .- - oo

10.

N/A

four age classes (i, 11, I1I, and_IV). -.Condition-factors-of-the -green sunfish™ || ~



Additionally, é shift in species composition may have historically occurred in favor of more
tolerant aquaﬁ&; species.
;

[

The aqlillatic habitat available in Spring Branch was rated as fair (Table 10-5). Unlike
Tar Creek, thé Spring Branch drainage is entirely contained within an drea impacted by
mining and strzeamﬂow is supported, at least over the short term, by seepage from a large
chat-wash pomi- (Ballard Pond) in the upper part of the basin. It is believed! that much of the
dissolved cadm:ium f)resent within the stream originates from this industrial pond.

|

As discflssed in Section 10.1.2 (Tar Creek), a variety of factors :mdy be present that
could ameliorat!e the potential toxicity of observed zinc (and cadmium) concentrations, thereby
explaining the !iapparent 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
several respectsI 1) the Sprmg Branch watershed is much smaller than Tar Creek within
Kansas (3.3 vs.% 8.6 square ‘miles) with mill waste dominating water quality in the upstream
reach; 2) mean i;otal recdvexable cadmium concentrations in Spring Branch are approximately
four times the r;nean 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 an;d ground-water seepage from limestones in the downstream feach, flows are
maintained oveﬂ longer periods in Spring Branch; and 4) as a result of the sustained flow
during dry penods and the rocky/pebble substrate in the downstream hmestone bedrock
reach, habitat for fish is noticeably improved over Tar Creek. The factors listed above, .may
account for sorne of the differences observed in fish numbers and d1versny, between Sprmg

Branch and Tar Creek

@
=

10.1.5 Subsite Ponds

Results oif the toxicity assessment show that ali mean COC TQs for pdnds (BP-2,:BP-
3, BP-4, BP-5 cmd TP-1, TP-6 and TP-9) were less than or equal to 1. The ponds constituted

i
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seven of the 10 ponds sampled (Table 8-2). The Ballard Chat Wash Pond (BP-1) exhibited
the highest Ttd (10 for cadmium). The remaining TQs exceeding unity included 2 for both
zinc (TP-5) auii iron (TP-7); and 7 for lead (TP-7). These data indicate that adverse effects
to exposed poﬁulations are i)essible.

|

A sumr?nary of ecological endpoints relevant to the aquatic community inhabiting
subsite ponds rs 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.
They containedg:ﬁsh representing several age classes, which indicates that some reproduction
was occurring. ;,Condition factors indicate that the fish were healthy with no obvious evidence
of external pam%sites or chemical stress.

Three of the subsite ponds inventoried did not contain fish. Tailings pond TP-7
contained total irecoverable iron and lee.d 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
shallow (less than five feet deep) and potentially dries up during droughts. Tailings pond BP-
2 contained comparatlvely low levels of metals meeting all site-specific criteria and may not
contain fish because it has never been stocked. As mentioned previously, tailings pond BP-1
(Ballard Pond) i is a commercial chat-wash pond. Beyond the physical limitations presented
by the ﬂuctuatingi water level in the pond, cadmium and zinc concentrations exceed the TRVs
of 0.034 mg/L (‘El‘Q:lO)and 6.33 mg/L (TQ=1), respectively.

The aquaéic communities within the subsite ponds have been established as a result of
the development %of the ponds. Although the subsite ponds are artificial they are inhabited
by species expect‘ed to occur within aquatic systems of southeast Kansas. Based on the 1991
RI sampling results, the green sunfish, bluegill, and black bullhead may be reproducmg
naturally within the subsite ponds. The lack of fish in age classes greater 1han Class II may
indicate an adverse et‘fect of the life cycle of fish inhabiting subsite ponds. Numbers of otuer
species collected were insufficient to determine reproductive fitness, and fecundity
assessments wereihot conducted during the RI program. :

|
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Table 10-6.

Ecological Endpoint Assessment Summary for Subsite Ponds

1. Is a significant reduction in key aquatic Diverse pdwlaticns of fish were sampled from subsite ponds (excluding Ballard Ponds) during
populations possuble? the 1991 Rl sampling progrem.- The presence of age class 0 and | may indicate that green
sunfish, bluegill, and black bullhead are naturally reproducing within the ponds to some
. extent. On the other hard, the presence of only_two_age classes could-also-indicate-a—— — |-
et e e e e Je -~ -]--gUbStaANt Al reduction in the ‘Uife cycle of fish inhabiting these ponds.
2. Could intake of metals result in chronic toxic 2. An_evaluation of T@s for the metals of concern within the subsite ponds indicates that
effects in aquatic populations? : adverse acute and chronic effects on aquatic orgamsms are possible from exposure to elevated
i levels of cadmium, iron and zinc.
3. Are gross signs of acute toxicity- absent? 3. buring the 1991 Rl sampling program, no signs of acute toxicity were observed, Fish
. collected were in good condition with no evidence of stress (lesions, abnormal accumulations
of external mucous or parasites).

4. Has community structure been obviously impacted? 4. 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.

5. Have significant community level transformations 5. Although the subsite ponds are artificial they are inhabited by species expected. to occur

occurred in plant and animal systems? within aguatic systems of southeast Kansas.

6. Is water quality sufficient to support a diverse 6. As indicated by the sampling of numerous fish species within the subsite ponds (excluding the

natural aquatic community? Ballard Ponds), water quality appears to be sufficient to support a diverse natural aquatic
community.

7. Have significant habitat modifications occurred? 7. Pond habitat within the subsites has been created by mining activities and, as such, only

S beneficial aquatic habitat modifications have occurred as a result of mining activities. -
8. Are significant reductions in'reproductive : 8. Based on the 1991 Rl sampling results, the green sunfish, bluegil!, and black bul lhead may be
fitness of key aquatic species probable? reproducing naturally within the subsite ponds. The lack of fish in age classes greater than
' Class 11 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.

9. Could T&E species that may occur onsite be 9. Tes calculated for T&E species indicate that adverse chronic effects are not expected.

adversely impacted?

10. Are soils phytotoxic? . 10, " | N/A

i
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10.2 mm RECEPTORS
|
One ob&ective of the wildlife investigations conducted during the RI was to determine
whether advex%ée chronic effects to terrestrial receptors are possible. - Integral to this
assessment,w.ai;s the determination of discernible differences between control and study sites

and the derivatéion of TQs for key higher trophic level species.

¥
As desczribed in Section 5.0, whole body mouse and fish tissue results were used to

estimate dose lei:vels for hfgher 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, iair, and near-pile soils were used to estimate intakes b:y key terrestrial
predators: the barred owl, the red-tailed hawk, and the mink. The red-tailed hawk and the
barred owl weré used to estimate potential risks to higher-level predators, while the mink was
used to estimatei risks to higher-level, more omnivorous receptors. The focus on primary and
higher-level corisumers was Based on the rationale that results of these investigations would

provide sufﬁcie’{lt data to assess the general condition of the terrestrial ecosystem.
|

Since thei worst-case TQs (i.e., the TQ based on the worst-case exposure scenario) for
cadmium, lead, %cmd zinc were less than 1 for the raptors (Table 8-3), adverse chronic impacts
from exposure: tci> site-related metals are not expected to occur in higher tr-ophic level species
that have a similar prey base as raptors. Results of the toxicity assessment for the mink,
however, indicatie that chronic adverse effects from exposure to cadmium, leéad and zinc are
possible, since tﬂe worst-case and RME TQs are slightly above 1 (RME TQs range from 1
to 3). These dat!_a indicate that terrestrial species who consume fish may experience adverse
chronic effects .'fr;om exposu-re to cadmium, lead and zinc.

A summaiz'y of the ecological endpoints relevant to the terrestrial com munity evaluation
is presented in T:«.’}ble 10-7. The results of field investigations indicate that t:xiSdng exposhres
are not causing ;'}cuté effects or mortality in exposed populations, since ob‘vious signs of

toxicity (such as '}thdse reported in the FWS Conraminant Hazard Reviews) associated with
{

i
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Table 10-7. Ecological Endpoint Assessment Summary for the Terrestrial Community

1. Is a significant reduction in 1. Based on the field investigations conducted during the Fall 1991 RI, other available information, and on
key terrestrial species professional judgement, the terrestrial wildlife community in the Baxter Springs/Treece subsites appears to be
possible? normal in comparison with the control area and in relation to what might be expected to exist within Cherokee

County.

. _COuld_intake,,6f~mtéls—résult~in J-2:= |-he primary-focus of the enviFormental ev evaluation was on pot;n;—a_lmtt;(w!lzlty"énd assocmted lnpacts and food chain
chronic toxic effects in key effects on higher trophic level organism (i.e., reptors and the mink). Toxicity quotients calculated for these
terrestrial poputations? 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, {ead, 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.

3. Are gross signs of acute' 3. buring the 1991 R1 field investigations, no signs of acute toxicity were observed. Wildlife observed were in good
toxicity absent? condition with no evidence of stress.

“ 4. Has community structure been 4. Based on field investigations and professional judgement (certified wildlife biologist), there was no evidence of
obviously impacted? obvious lrrpacts to the wildlife community structure, with the exception of areas were habitat was precluded by
actual mining activities (chat piles, mine workings, etc.) .

5. Have significant community level | 5. The plant and animal systems within the subsites have been altered to a certain extent by both mining and
transformations occurred in agricultural activities. Agricultural activities have removed much of the natural habitat by plowing and tilling
plant and animal systems? 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.

6. 1s water quality in on-site 6. N/A
streams sufficient to support a
diverse natural aquatic
communi ty?

7. Have significant habitat 7. Habitat modifications have occurred with respect to the mining activities disturbing existing habitat. Houwever,
modi fications occurred? as previously described, these disturbances have also preempted the expansion of agricultural practices.

8. Are'significant reductions in 8. Based on the results of the toxicity assessment, reduced reproductive fitness of key terrestrial omnivorous
reproductive fitness of key specres is probable. However, wildlife populations observed durinag field investigationc were reprasented in
terrestrisl species probable? numbers typicai of southeast Kansas and a@ared to be naturally reproduclng.

-9. | Could T&E species that may occur | 9. " Toxicity quotlents calculated for T&E specres show that adverse effects to this ecologic group are not expected.
onsite be adversely impacted?

L




Table 10-7.

Ecological Endpoint Assessment Summary for the Terrestrial Commmity (Concluded)

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 phytotoxlc concentration were less than 1). Therefore, these metals are not expected to produce phytotoxic

effects in on-site vegetation. \.onversety, _upper-bound_levels of._zinc._in-near-pile-soils-did-exceed-the median ]|’

--|- phytotoxic ‘concentration reéported in the literature (TQs equal 4 and 3, respectively), which indicates that near-

pile soils contaminated with elevated levels.of zinc could be phytotoxlc. 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- plle soils cover
-only & percent of the total subsite area; and (3) the available toxicity data were for agronomic specles versus
the species that are likely to inhabit near-pile soils.




® ®

chronic metals %poisoning were not observed. Terrestrial species and communities appear to
be normal in éomparison to populations inhabiting the control area. No wildlife groups
appeared to be: mlssmg, nor were poor or low population levels observed among the most
hlghly-exposed( species (e.g., primary and secondary consumers), although population
numbers were qot directly measured. The wildlife community in the vicinity of mine-related
disturbances exihibited greater diversity and abundance than the community associated with
intensively cultivated or more urban portions of the two subsites. Although approximately
1180 acres of “Iuldhfe habitat has been impacted by mining activities, these areas appear to
provide high quahty wildlife habitat relative to and in juxtaposition with surrounding
agricultural tracts This observation is supported by the fact that survey results obtained for
predators, raptofrs, songbirds, and small mammals did not indicate significant differences in
animal presencé and appearance between disturbed versus control areas. For example, the
number of baned 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 ta‘kerr;gfrom various reference location within Cherokee County were compared.
Results show t]uilt the arithmetic mean concentratiori of cadmium, lead, and zinc measured
in subsite mice are, -respectively, 14, 28, and fwo' times higher than arithmetic mean levels
measured in mi.e'Ie taken from the Cherokee County Control site (Table 5-10). |

E
Itis possible that the white-footed mouse could be more exposed than the raptors and
. ‘

the mink, since'g mice have closer and more frequent contact with contaminated soils.
Accurate dose esﬁmates for the white-footed mice were not possible, since' (1) the
concentration of sne-related metals was not measured in the vegetation and seeds on wh1ch
mice primarily forage, (2) body burden data were measured with the pelt on; and (3) t1ssue
levels for various organs were not obtamed These limitations did not allow a comprehenslve
evaluation of potentlal impacts to all terrestrial prey species (using the white-footed mlce as
a surrogate). Based on the results for higher-trophic level orgamsms adverse chronic 1mpacts

to. exposed terrestpal prey species are not expected.
|
!
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10.3 PHYT(dTOXICITY OF SOILS
%

In gene‘lral, vegetation systems within the subsites have been altered to a certain extent
by both nﬁnhné and agricultural activities.; Agricultural activities have removed much of the
natural habitat %by plowing an tilling of fields, while mining has, to a lesser extent, removed
habitat by the f)lacement of mill waste piles and mine workings.

|

The coxﬁparison of concentrations of metals in Ag/A soils to the median concentration

reported to be phytotoxic in either laboratory or field studies indicated that metal
concentrations were not likely to be phytotoxic. However, concentrations of zinc in near-pile
soils may be phytotox1c (upper-bound and [mean TQs were 2 and 1, respectively). The TQ
assessment yielfded numbers that are thought to be conservative sincz it was based on
agronomic speciies rather than those more tolerant species established in near-pile soils. If
effect, the concé;ntration of zinc in near-pile soils could potentially result in reduced yield in
plants, but 1ittlei if any measurable impact (’m native species is expected.
|
10.4 T&E SPIIZCIES
\

One.statle-listed species has critical jhabitat within areas impacted by mine and' mill
waste while several others have critical hab1itat that could be affected by the migration of site-
related metals as?somated 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
water bodies (conservatlvely includes Tar Creek and subsite ponds) indicate that exposure to
site-related metals is not expected to cause adverse impacts in expoced 1nd1v1duals or

populations (all TQs were less than 1).

|
}
f
|
!
?
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CALCULATION OF FAVs

The Final tAc:ut:e Values were calculated using the four selected GMAVs and cumulative
probabilities for each metal of concern according to Equation (A-1). Specifi¢ calculations and

toxicity data used' to derive the site-specific FAVs for each metal are also provided.

i

where: FAV

E

8:\EcoAppen.REQ (03/24/93)

FAV = e*
A = S/0.05) + L

g2 _ ZI((n GMAVY ) - (E(ln GMAV)/4)

T (P) - (T VP)Y4)

L . (300 GMAV) - SGE(/P)
4

Final Acute Value
Intermediate Step
Intermediate Step
Intermediate Step
Cumulative Probability
Genus Mean Acute Value
Natural Logarithm

A-1

(A-1)



t
i

FAV  1013.9536

4 14 3830 8.2506 68.0727 0.26667 0.51640
3 14 3265 8.0910 65.4645 0.20000 0.44721
2 14 | 1578 7.3639 54.2272 0.13333 0.36515
1 14 ' 1353 7.2101 51.9852 0.06667 0.25820
Sum | 30.9156 239.7497 0.66667 1.58696
s? 21.742,

L 5.8790,

A 6.9216

88,960 f Damselfly, Argia
19,800 ; Amphipod, Crangonyx
18,400 { Worms, Nais
17,940 E Banded Killifish, Fundulus -
16,820 | Snail, Amnicola '
10,560 Pumpkinseed, Lepomis
10,250 ! Goldfish, Carassius
9,712 ; Worm, Lumbriculus
8,157 f Isopod, Asellus
6,053 | Guppy, Poecilla
3,830 Rank (‘:1) Fathead minnow, Pimephales
3,265 Rank (é) Isopod, Lirceus
1,578 Rank (é) Snail, Hellsoma
1,353 Rank (i) ' Snail, Physa

s, [E«ln GMAV)’) -~ (X(n GMAV)?)/4] | [Z(P) - «E(f ))2/4)]
= (X(in GMAV) - (SCEW/P))/4

= §(,/0.05) +

FAV = e4

B:\EcoAppen.REQ (03/245/93)




4 10 | 9661 0.0759 | 841963 0.36364 060302 |
3 10 9530 9.1622 83.9459 0.27273 0.52223

2 10 | 8027 8.9906 80.8303 0.18182 0.42640

1 10 | 4636 8.4416 71.2607 0.09091 0.30151
Sum 35.7702 320.2332 0.90909 1.85317

s? 7.043

L 7.7130)

A 8.3064

FAV  4049.8789

43,250 5 Banded killifish, Fundulus
40,460 : Stonefly, Acroneuria
21,320 : Goldfish, Carassius
21,200 | Damselfly, Unidentified sp.
14,100 | Worm Nais
12,770 Snail, Amnicola
9,661 Rank (f;) Guppy, Poecilla
9,530 Rank (3i) Pumpkinseed, Lepomis
8,027 Rank (21) Fathead minnow, Pimephales
4,636 Rank ( 1?) Mayfly, Ephemerella

S, -[E((ln GMAV)’)‘ - ((E(n GMAV)I4] | [X(P) - (ZW/P)2/4))
= (E(n GMAY) |- (SE(/P)I4

A = 5(,/0.05) + L

FAV = e4

i
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4 25 104 4.6444 21.5704 0.15385 0.39223
3 25 ‘ 98.79 4.5930 21.0956 0.11538 0.33968
2 25 : 42.8 3.7565 14.1116 0.07692 0.27735
1 25 ' 30.5 3.4177 11.6809 0.03846 0.19612
Sum | 16.4117 68.4584 0.38462 1.20538
s? 52.520f
L 1.9190E
A 3.5395 :
FAV 34.4509:
3
8,325 | Goldfish, Carassius ’
8,100 | Damselfly, (Unidentified)
7,921 5 Tubificid worm, Rhyacordrilus
7,685 | Mosquitofish, Gambusia
6,915 ; Tubificid worm, Stylodrilus
5,708 | . Channel catfish, Icralurus
4,990 } Tubificid worm, Spirosperma
4,778 ; Tubificid worm, VVarichaeta .
4,024 Tubificid worm, Tubifex
4,024 | Tubificid worm, Quistradilus .
3,800 1; Snail, Amnicola
3,641 : Green sunfish, Lepomis
3,570 ’ Guppy, Poecilla
3,018 | Tubificid worm, Branéhi;ra
2,310 | Mayfly, Ephemerella
2,137 - ? Tubificid worm, Limnodrilus
1,700 i ‘| Worm, Nais
1,200 Midge, Chironomus




400.5 | Isopod, Asellus
322.8 : Mayfly, Paraleptophlebia
156.9 ], Snail, Physa
104.0 Rank (ﬁEt) Snail, Aplexa
98.79 Rank (Bi)) Banded killifish, Fundulus
42.80 Rank (é) Isopod, Lirceus
30.50 RanE (i) Fathegd; minnow, Pimephales

5,~(Z(n GMAVY) - (Z(in GMAV)A] [ [E(P) - (CWP)24)]
L = (X(n GMAY) - (SE(/P)))M4

A = S(/0.05) + L'
FAV = e4 f
!

1
I

1
3

i
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4 6 | 66140 11.0995 123.1995 0.57143 |  0.75593
3 6 || 52310 10.8649 118.0470 0.42857 |  0.65465
2 6 | 25440 10.1441 102.9023 0.28571 |  0.53452
1 6 1040 6.9470 48.2605 0.14286 0.37796
Sum 39.0555 392.4093 1.42857 2.32307
s? 139.479
L 2.9049
A 5.5458 |
FAV  256.1522

|

235,900 ! Midge, Tanytarsus
101,100 I Goldfish, Carassius
i 66,140 Rank (;1) Guppy, Poecilia
’ 52,310 Rank (Z];i) Bluegill, Lepomis
25,440 Rank (f2) Fathead minnow, Pimephales
1,040 Rank (1%) Snail, Aplexa

5,-[Z(n GMAV)) - (in GHAVIA] | [EP) - (W24
L = (Z(n GMAY) - (SC(/P)))4

A = 85005 + L
FAV = e4

!
|
|
i
i
%
L
1
t
!
|
i
!
i
i
|

i
!

‘ b

| A-6
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5 50 3.9120 15.3039 0.18182 |  0.42640

! 30 3.4012 11.5681 0.13636 |  0.36927

| 20 2.9957 8.9744 0.09091 |  0.30151

1 21 20 2.9957 8.9744 0.04545 |  0.21320
Sum ! 13.3047 44.8209 0.45455  1.31039

i. Stonefly, Acroneuria
} Mayfly, Ephemerella
‘ : 1,200 ; Damselfly, (Unidentified)
‘ 1,000 | ' Wofms, Nais
406.'2 . i ‘ Tubificid worm, Spirosperma
370 f Snail, Aplexa
250 !, Tubificid worm, Quistadrilus
240 - Tubificid worm, Ryacodrilus
180 Tubificid worm, Limnodrilus
180 % Mosquitofish, Gambusia
160 : Bluegill, Lepomis
158.7 t Fathead minnow, Pimephales
140 | Tubificid worm, Tubifex
140 | Tubificid worm, Sz;ylodrilus
' 100 - ' | Tubificid worm, Varichaeta
80 i : Tubificid worm, Branchiura
80 § Snail, Amnicola
50 Rank (4) Crayfish, Orconectes

7
i
. i
i

'
¥
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Guppy, Poecilla

20 Rank (2)

Crayfish, Faxonella

20 Rank (1)

Midge, Chlronomus

8,=[X((In GMAVY) - (X(in GMAV))4] | [E(P) - (X(/P))2/4)]

L = (X(n GMAV) - (SC(/B)))4

A = 5(,/0.05) + L.
FAV = e4 ‘

|

|
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ADJUSTING FAVs FOR HARDNESS-

FAVs were t:idjusted for a hardness of 190 mg CaCO,/L using the following equation
obtained from the AWQC documents for the metals of concern:

Ad]ﬁsted FAV - e[(Slope x In Hardness) + In Intercept] ( A-2)
where: slo;pé = pooled slope provided in the appropriate AWQC
L document;
hardness = hardness for which LCs, or acute value is to be adjusted
-

(in this case, 190 mg CaCO,/L);

;
i

Y-intercept from the regression equation used to adjust
the individual species values to a hardness of 50 mg/L.

it

.
intercept
i
§

Since Y-intercept ‘v%cllues 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 the Y-intercept of the regression equation;

FA'V; : = the final acute value calculated for that metal for a
% hardness of 50 mg CaCO,/L;

slope1 - =  pooled slope provided in the AWQC document for the
! metal of interest;

i
t

hardness = = 50 mg CaCOy/L.

i

Example Calculati(t)n - Zinc

The species mean afcut’e for zinc for the pumpkinseed sunfish adjusted for hardness of 50: mg
CaCO,/L is 18,700 pg/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:

S _

In (Intercept)

In (18,700) - [0.8473 x In(50)]
In (Intercept) '

9.836 - [0.847 x 3.91]
6.52

ol

A9
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Using Equation A-2, the FAV (at 190 mg CaCO,/L) for the pumpkinseed sunfish is calculated
to be 57,884 ug/L as follows:

Adjusted FAV = e([’ldpe x In190) + In Intercept)
Adjilsted FAV = el0.847 x 5.247) + 6.522]
| = 57,884 ug/L.

The FAV for mercury was not adjusted, since water hardness has no apparent effect on the
toxicity of mercury (EPA, 1984d). Site-specific FAVs adjusted for a hardness of 190 mg
CaCO,/L are shown in Table 7-4. An example calculation (for adjusting cadmium is provided
below: ’

Example Calculmtibn - Cadmium

In (Intercept) In (34.4509) - [1.128 x In(50)] (A-3)

= 3.5395 - [1.128 x 3.9120)
= -0.8733

| |
Using equation 7-2, the FAV (at 190 mgCaCO;/L) is calculated to be 155 ug/L as follows:

Adj Jsted FAV = e(lslope x ;n190) + In Intercept)
Adj u]sted FAV =  [1128x5.2470) + (0.8733)
= 155pg/L
|
|
|
1
i
i
|
i
A-10
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MAXIMUM A;LMQWABLE TOXICANT CONCENTRATION CALCULATIONS-

The followin_:g regression equation developed by (Suter ef al., 1987) vas used to predict
the chronic Maximum Allowable Toxicant Concentrations (MATC) from an acute LCy,.

log MATC (ug/L) = -0.70 + 0.73 X log LC,, (ug/L) (A-4)
|
; .
In this case, the site-specific FAV for cadmium listed in Table 7-3 (155 ug/L) was inserted into
Equation A-4 for the log LCs, as shown in the example calculation below.

i
,

' !
Acute to Chronic Calculation - Aquatic Vertebrates

log MATC (ug/L) = -0.70 + 0.73 x Log (155 ug/L) (A-4)
| = -0.70 + 0.73 x (2.19) -
3 . = 0.90 -

MATC (ug/L) = 7.92

The data set used to generate this regression equatlon was compiled from published results
of life cycle, partlal 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 LCs, and
chronic data used for the acute-to-chronic extrapolations were taken from the same study so that
consistent fish populahons 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 séensitivities, the
resulting TRVs should also be protective of numerous spemes and life stages.

’ I

Suter (1986) reported a similar regression equation (A-S) designed to predict chronic
MATCs from acute-to—chromc 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 invertebrate species). The data set used to generate the regréssion equation
developed for aquanc invertebrates was compiled from published results of 27 life cycle test data
on nine metals takt-n from the 1980 and 1984 AWQC support documents (Suter, 1986).

i

log MATC (sg/l) = -108 + 096 x log LCy, (uglD) (A-5)

|
i
{
t
|
1
1

| A-11
1
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Acute to Chronic Calculation - Aquatic Invertebrates

log MATC (ug/L)

i

MATC

nmwian

-1.08 + 0.96 x Log (155 ug/L)
-1.08 + 0.96 x (2.1903)
1.0227

10.5363 pg/L

(A-5)

t

B:\EcoAppen.REQ (03/24/93)
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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 = [(CMxQM x FIxBA) + (CAx QA xFI) + (CSx QS xFI) + (CWx 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__QM_______CA___QA_.l.__._ . C. _.QS— - .. o -CW - —QW- ~—— —- = BW - Intake -
Metal  (mg/kg) (kg/d) - FI  (mg/m3) (m3d)  Fl - (mgke) (kg/d) FI (mg/L) (L/day)  FI (kg)  (mg/kg-d)
Cadmium - 1.5 0.135 1 S2E06 06 i 66 0014 0.1 0.04 0.045 0.25 132 0.16
Lead 37 0135 . 1 76E-05 06 1 1139 0014 0.1 0.04 0045 - 025 1.32 0.50
Zinc 194 0.135 1 9.1E-04 06 1 9956  0.014 0.1 7.1 0.045 0.25 1.32 515
RED-TAILED HAWK - RME
cM QM CA QA cs Qs CcwW Qw BW  Intake
Metal  (mg/kg)  (kg/d) FI  (mg/m3) (m3/d) FI  (mg/kg) (kg/d) FI (mg/L) (L/day)  FI (kg) _ (mg/kg-d)
Cadmium 08 - 0.135 075 52E06 06 0.75 45 0014 0.1 0.03 0.045 01 132 0.07
Lead 22 0.135 075  76E05 06 0.75 88.1 0.014 0.1 0.02 0.045 0.1 132 0.26
Zinc 5.6 0.135 075 9.1E04 06 0.75 710 0.014 01 . 500 0.045 0.1 1.32 3.50
BARRED OWL - WORST-CASE
CcM QM cA QA cs Qs cw Qw BW  Intake
Metal  (mg/kg)  (kg/d) Fi (mg/m3) (m3/d) FI (mg/kg)  (kg/d) FI (mg/ly (Liday) Fl (kg)  (mg/kg-d)
Cadmium 1.5 - 009 1 S2E06 03 1 6.6 0.009 0.1 0.04 0.03 025 0.74 0.19
Lead a7 0.09 1 76E-05 03 1 1139 0009 0.1 0.04 0.03 025 0.74 0.59
Zinc 9.4 0.09 1 9.1E04 0.3 1 9956  0.009 0.1 7.1 0.03 025 0.74 6.08
BARRED OWL - RME
cM oM CA QA cs Qs cw Qw BW Intake
Metal  (mg/kp)  (kg/d) FI  (mg/m3) (m3/d) FI  (mghkg) (kg/d) FI (mg/L) (L/day)  FI (kg)  (mp/kg-d)
Cadmium 0.8 0.09 075 52E06 03 0.75 45 0.009 0.1 0.03 0.03 0.1 0.74 0.08
Lead 22 0.09 075  76E05 03 0.75 88.1 0.009 0.1 0.02 0.03 0.1 0.74 031

Zinc 35.6 0.09 0.75 9.1E-04 03 0.75 710 0.009 0.1 5.00 0.03 0.1 0.74 413
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INTAKE = [(CM x QM x F1) + (CFx QF x FI) + (CA x QA 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 QM CF QF . CA » QA CS Qs CcwW Qw BW Intake
Metal (mg/kg) (mghg) FI _ (mghkg) (kg/d) Fl  (mgm3) (m3d) FI  (mgkg) (kg/d) FI  (mgl) (Lday) FI _ (kg) (mp/kpd)
Cadmium 15 0.23 0.5 .03 0.23 0.5 5.2E-06 0.45 | 6.6 0.006 01 0.04 0.076 0.5 1.125 0.19
Lead 3.7 0.23 0.5 5.05 0.23 0.5 7.6E-05 0.45 1 1139 0.006 0.1 0.04 0.076 0.5 1.125 0.96
Zinc 394 023 . 0.5~ 1151 0.23 0.5 9.1E-04 0.45 1 995.6 0.006 0.1 71 0.076 0.5 1.125 16.6
MINK - RME
CM oM CF QF CA QA CS Qs Ccw QW BW Intake
Metal (mghkg) (mghg) FI _ (mgkg) (kg/d)  FI  (mg/m3) (m3d) Fl  (mghg) (hgd) FI  (mgl) (Uday) FI_ (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 22 0.23 0.5 35 0.23 0.5 7.6E-05 0.45 1 88.1 0.006 0.1 0.02 0.076 05 1.125 0.63
Zinc 356 - 023 05 925 0.23 0.5 9.1E-04 0.45 1 710 0.006 0.1 5.00 0.076 0.5 1.125 136
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APPENDIX B

SURFACE WATER DATA AND STATISTICS




BAXTER SPRINGS/I'.REEECE REMEDIAL INVESTIGATION

SURFACE WATER DATA - PRELIMINARY DATA 22-Mar-93 ,
Sampling ' Station Hardness Sampling Station Hardness
Date \ D as CACO3 Date ID as CACO3
’ mg/! _mg/
2/19/91 ‘ "WC1 118 2/20/91 TT-1 287
2/19/91 wC2 170 5/05/91 TT-1 130
2/19/91 3 wC3 320 12/13/91 TT-1 320
5/05/91 ; WwC1 55
5/05/91 ’ wC2 59 Tar Creek Trib MAXIMUM 320
5/05/91 i wC3 n P:s MINIMUM 130
8/02/91 , wC3 660 AVERAGE 246
11/20/91 ! wC1 45 GEOMETRIC MEAN 227
11/20/91 : wC2 79
11/20/91 wC3 100 2/21/91 LC-1 94
12/13/91 \ WC3 74 5/05/91 LC-1 34
\ 11/19/91 LC-1 55
WILLOW CREEK ‘ MAXIMUM 660
n=11 : MINIMUM 45 E;ytle Creek: MAXIMUM 94
AVERAGE 159 =3 MINIMUM 34
GEOMETRIC MEAN 109 AVERAGE 64
! ‘ GEOMETRIC MEAN 56
2/21/91 | SB1 534
2/21/91 SB2 578 BP1 1,110
5/05/91 SB1 140 BP2 130
5/05/91 | SB2 160 BP3 840
8/02/91 ! SB2 760 BP4 7]
11/18/91 | SB1 389 BPS 470
11/18/91 ! SB2 359 ,
12/1391 t SB2 270 AXTER POND MAXIMUM 1,110
s =5 MINIMUM 7]
SPRING BRANCH | MAXIMUM 760 AVERAGE 528
n=8 {  MINIMUM 140 GEOMETRIC MEAN 350
{ AVERAGE 399
GEOMETRICMEAN 344 TP1 560
g TP5 740
2/20/91 TC1 55 TP6 680
2/20/91 f TC2 306 TP7 110
2/20/91 ! TC3 410 TP9 320
5/05/91 b TC1 41 :
5/05/91 T2 110 TREECE PONDS MAXIMUM 740
5/05/91 ! TC3 220 In=>5 ‘ MINIMUM 110
12/12/91 | TC1 4 ' AVERAGE. 482
12/12/91 i TC2 390 GEOMETRIC MEAN 397
12/12/91 ‘ TC3 470
TAR CREEK | MAXIMUM 470
n=9 i MINIMUM 41 Geometric Mean (All Ponds) 373
© "AVERAGE 227 Geometric Mean (All Streams) 158:
GEOMETRIC MEAN 156 Geometric Mean (All Surface Water) 191
f x N .
| Arthimetic Mean (All Ponds) 504
1 Arthimetic Mean (All Streams) 233
; lAnhimetic Mean (All Surface Water) 294
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Surface Water Data for Baxter Springs and Treece Subsites

Station Date Cadmium Copper Iron Lead Manganese Nickel Silver Zinc
ID Sampled Tot.Rec. Tot.Rec. Tot.Rec. TotRec. TotRec. Tot.Rec. TotRec. Tot.Rec.

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

WC2 02/19/91 0.0021 (0.0025) 04 0.007 0.14 (0.02)  (0.0001) 0.900

WC2 05/05/91 0.0012 (0.0025) -39 0.019 0.19 (0.02) (0.00025) 0.360
WwWC2 11/20/91 0.0023 A(0.0025) 39 0.014 0.13 (0.02) (0.0001) 0.670
Average 0.0019 0.0025 2.7333 0.0133 0.1533 0.0200 0.0002 0.6433
Stnd Dev 0.0006 0.0000 2.0207 0.0060 0.0321 0.0000 0.0001 0.2710
95% UCL 0.0029 0.0025 6.1399 0.0235 0.2075 0.0200 0.0003 1.1002
Geometric Mean 0.0018 0.0025 1.8245 1 0.0124 0.1515 0.0201 0.0001 0.6013
WC3 02/19/91 0.0009 (0.0025) 1.1 0.006 0.35 0.03 (0.0002) 1.000
WC3 05/05/91 0.0018 (0.0025) 54 0.019 0.20 0.02 (0.00025) 0.540
WC3 08/02/91  (0.00025)  (0.0025) 0.2 0.002 0.21 (0.02)  (0.0003) 0.220
WC3 11/20/91 0.0020 0.009 56 0.023 0.19 (0.02)  (0.0001) 0.810
WC3 12/13/91 0.0011 0.009 11.0 0.025 0.28 (0.02)  (0.0001) 0.530
Average 0.0011 0.0051 4.6600 0.0150 0.2460 0.0220 0.0002 0.6200
Stnd Dev 0.0009 0.0036 4.3067 0.0104 0.0680 0.0045 0.0001 0.2979
95% UCL 0.0020 0.0085 8.7662 0.0249 0.3109 0.0263 0.0003 0.9040
Geometric Mean 0.00098 0.0042 2.3598 0.0106 0.2391 0.0217 0.0002  0.5515
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Surface Water Data for Baxter Springs and Treece Subsites

Station Date Cadmium Copper Iron Lead Manganese Nickel Silver Zinc

ID Sampled Tot.Rec. TotRec. TotRec. TotRec. Tot.Rec. TotRec. Tot.Rec. Tot.Rec.
mgl  mgl  mgl mg/l mg/l mg/l mg/l mg/l

SB1 02/21/91 0.1600  (0.0025) (0.15) 0.006 - 0.09 0.05 (0.00005) 20.000
SB1 - 05/05/91 0.0360 (0.0025) - (0.25) 10.022 0.07 (0.02) (0.00025) 3.800
SB1 - 11/18/91 0.1600  (0.0025) 0.1 0.006 0.05 0.04  (0.0001) 18.000
Average . 0.1187 0.0025 0.1667 0.0113 0.0700 0.0367 0.0001  13.9333
Stnd Dev 0.0716 0.0000 . 0.0764 0.0092 0.0200 0.0153 0.0001 8.8325
95% UCL 0.2394 0.0025 0.2954 0.0269 0.1037 0.0624 0.0003  28.8233
Geometric Mean 0.0975 0.0025 ~ 0.1557 0.0093 0.0682 0.0343 0.0001  11.0743
SB2 - 02/21/91 0.0270  (0.0025) - (0.1)  (0.0015) 0.16 (0.02) (0.00005) 5.500
SB2 05/05/91  0.0300  (0.0025) 0.6 0.018 0.07 0.01  (0.00025) 3.200
SB2 08/02/91 0.0230  (0.0025) (0.05) 0.001 0.23 0.04  (0.0005) 3.700
SB2 11/18/91 0.1100°  (0.0025) 0.2 (0.002) 0.04 0.05 (0.000005)  14.000
SB2 12/13/91 - 0.0800 0.005 0.3 0.005 0.03 (0.02)  (0.0001) 11000
Average - 0.0540 0.0030 0.2500 0.0041 0.1060 0.0280 0.0002 7.4800
Stnd Dev 0.0390 0.0011 . 0.2179 0.0082 0.0862 0.0164 0.0002 4.7809
95% UCL o 0.0912 0.0041 0.4578 0.0120 0.1882 0.0437 0.0004  12.0383
Geometric Mean 0.0439 0.0029 0.1783 0.0031 0.0791 0.0240  0.00008 6.3132
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Surface Water Data for Baxter Springs and Treece Subsites

Station Date Cadmium Copper Iron Lead Manganese Nickel Silver Zinc

ID Sampled Tot.Rec. Tot.Rec. Tot.Rec. Tot.Rec. Tot.Rec. TotRec. Tot.Rec. Tot.Rec.

' mg/l ~mg/l mg/l mg/l mg/l mg/l mg/l mg/l
TTCZ T T 0272091 0.0036 . (0.0025) 04 0025 0.22 (0.02) (0.00005)  4.700
TC2 05/05/91 0.0015  (0.0025) 25 - 0.025 0.24 (0.02) (0.00025) 0.700
TC2 ~12/12/91 0.0300 0.007 2.3 0.043 1.10 0.04  (0.0001)  21.000
Average 0.0117 0.0040  1.7333 0.0310 0.5200 0.0267 0.0001 8.8000
Stnd Dev : 0.0159 0.0026 1.1590 0.0104 0.5024 0.0346 0.0001  10.7531
95% UCL 0.0385 0.0084 3.6872 0.0485 1.3669 0.0851 0.0003  26.9278
Geometric Mean 0.0055  0.0035 1.3196 0.0301 . 0.3876 0.0253 0.0001 4.0976
TC3 02/20/91 0.0200  (0.0025) 0.6 0.075 0.44 0.02  (0.00005) 5.400
TC3 05/05/91 0.0070  (0.0025) 0.9 0.073 059  (0.02)  0.0021 1.500
TC3 12/12/91 0.0400 -0.012 1.3 0.078 1.10 0.05  (0.0001)  22.000
Average 0.0223 © 0.0057 ©  0.9333 0.0753 0.7100 0.0300 0.0008 9.6333
Stnd Dev - 0.0166 . 0.0055  0.3512 0.0025 0.3460 0.0173 0.0012  10:8859
95% UCL ' 0.0504 0.0149 1.5254 0.0796 1.2933 0.0592 0.0027  27.9850

Geometric Mean 0.0178 00042  0.8889 0.0755 0.6588 0.0002 0.0002 5.6176

() - Value in Parenthesis is one-half the detection limit
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CHEROKEE SURFACE WATER STATISTICS

Spring River Near Baxter Springs

Copper
. Cadmium !
Diss. {mg/l) Total Rec. (mg/l) Diss. (mg/l) Total Rec. (mg/i)
02/05/74 to 06/06/78 03/14/79 to 04/14/92 02/05/74 to 08/06/78 03/14/79 to 04/14/92
0.0100 ' : 0.0040 0.1000 0.0300
0.0000 0.0020 0.1000 . 0.0100
0.0000 , 0.0026 ) 01000 . . 10.0100._ . .
TCTTTTTITTQIeQQ T T T T T T g0 0.0200 0.0000
0.0000. 0.0060 0.0000 . 0.0000
0.0000 0.0010 0.1000 0.0200
0.0000 0.0020 0.0200 0.0100
0.0100 0.0160 0.1000 0.0100
0.0000 : 0.0020 0.0300 0.0100
0.0000 ’ 0.0010 0.0100 0.0100
0.0000 0.0010 0.0100 0.0200
0.0000 0.0010 0.0200 0.0200
0.0000 0.0030 0.0900 : 0.0090
0.0040 0.0100 0.0090
n= 13 0.0030 0.0060
max= 0.0100 0.0030 n= 14 0.0140
min= 0.0000 0.0020 max= 0.1000 g, O éO
Avg.= 0.0015 . 0.0020 min= 0.0000 0.0150
Std. Dev.= .  0.0038 0.0020 . © Avg.= 0.0507 0.0210
85% UCL= 0.0034 0.0020 ' Std. Dev.= 0.0434 0.0110
0.0020 95% UCL= 0.0713 . 0.0110
0.0020 0.0160
0.0020 0.0140
n= 23 n= 23
max= 0.0160 ) max= 0.0300
min= 0.0010 ’ min= 0.0000
Avg.= 0.0029 Avg.= 0.0123
Std. Dev.= 0.0031 . Std. Dev.= 0.0069

95% UCL= 0.0040 95% UCL= 0.0147



CHEROKEE SURFACE WATER STATISTICS

Spring River Near Baxter Springs

Lead Zinc
Diss. (mg/l) ) ' Total Rec. (mg/l) Diss. (mg/l) Total Rec. (mg/l)
06/04/74 to 06/06/78 . 03/14/79 to 04/14/92 02/05/74 to 06/06/78 . 03/14/79 to 04/14/92
' 0.0000 0.0300 0.3900° 0.5200
0.0000 : 0.0100 0.4200 . 0.3900
0.0000 . moi00 . 0.4500 . e -0.2600 -
T Tegooo T T 0.0000 0.6300 ; 0.2000
© 0.0000 - A 0.0100 0.5400 ) 0.4100
0.0000 - 0.0200 0.2400 ' 0.2200
0.1000 K ' 0.2000 ) 0.4200 ’ . 0.3100
0.0000 ’ 0.0050 1.6000 . 1.7100
0.0000 - 0.0100 0.5100 0.1600
0.0400 0.0130 . ’ 0.7200 0.5200
0.5000 0.0090 . 1.1000 0.1700
0.2000 . 0.0200 1.2000 0.4900
0.0090 - 0.3400 0.3290
n= 12 0.0060 0.6700 0.1780
max= 0.5000 0.0240 : 0.5280
min= 0.0000 i 0.0010 14 0.2850
Avg.= 0.0700 ) 0.0200 . 1.6000 0.1790
Std. Dev.= 0.1486 0.2400 0.2300
95% UCL= 0.1470 ' n= 17 0.6583 0.1220
: ' max= 0.2000 0.3844 0.0900
min= 0.0000 0.8143 0.4030
Avg.= 0.0234 0.2520
Std. Dev.= 0.0462 ' 0.3740
95% UCL= 0.0429
n= 23
max= 1.7100
min= 0.0900
Avg.= 0.3610
Std. Dev.= 0.3225

' 95% UCL= 0.4765



CHEROKEE SURFACE WATER STATISTICS

Neosho River 300 Yards Downstream of the confluence with Tar Creek (*)

Diss. (mg/t)
8/82

[}
'
H

- max
min= -
Avg.= -

Diss. (mg/l)
8/82

Total Rec. (mofl)
8/82

a

n= s
max= 0.003
min= 0.002
Avg.= 0.0021

- Total Rec. (mg/l)
8/82

n= . 8
max= 0.72
min= 0.058
Avg.= 0.325

Diss. (mg/l)

8/82

min=

Lead

Total Rec. (mg/l)
8/82

n= _ 6
max= 0.02
min= 0.02
Avg.= 0.02

(*) Data from: Oklahoma Water Resources Board, Etfects ot Acid Mine Discharge on the Surtace 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

- admium _Cadmium pper pper ron ron e anese Wanganese ne nc
Station : Dissolved  Total  Dissolved Total Dissolved Total Dissoived Total Dissolved . Total Dissolved  Total
(mgf) _ (mgM) (mgh) (mghH) (mgM) _ (mg/)  (mgf) _ (mof) (mg/) (mof) __ (mgh _(mgM)
“WILLOW CREER
- _ "()Willow Croek at Baxter Springs, KS___ ____________Average. _ 0.000_ —_—- - 0005- —-——— 024 - ——  — 0000~ — = - -012  — — 039 —
From 6/81 to 8/81 Maximum  0.000 -~ 0.010 - 0.30 - 0.000 - 0.14 - 0.63 -
. ) Minimum 0.000 - 0.000 - 0.17 - 0.000 - 0.10 - 0.14 —
Number of Samples 2 : - 2 —_ 2 - 2 - 2 - 2 -
(1)Willow Creek Tributary 3 near 8S,KS Sampled on 3-17-82 0.110 - 0.000 - 0.03 - 0.000 - 0.09 - 13.60 -
(1)Willow Creek 1 mile W. 8BS, KS Sampled on 8-13-81 0.000 - 0.010 - 0.09 - 0.000 - 0.04 - 0.15 —_
(1)Willow Creek 2 miles W. BS, KS Sampled on 8-13-81 0.000 - - 0.010 — 0.25 - 0.000 - 0.15 - 0.28 -
(1)Willow Creek 3 miles W. BS, KS Sampted on 6-17-81 0.000 — 0.000 - 0.19 - 0.000 - 0.35 — 0.18 —
SPRING RIVER ]
(2)Spring River near Average 0002 - - 0.051 - — 1.10 0.070 - - 0.25 0.66 -
Baxter Springs, KS . Maximum  0.010 - 0.100 - - 1.60 0.500 —_ - 0.27 1.60 -
From 2/74 to 6/78 ) Minimum  0.000 - 0.000 - - 0.19 0.000 - - 0.22 0.24 -
Number of Samples - 13 - 14 —_ Co—- 3 12 - - 2 14 -
(2)Spring River near Average = — 0.003 - 0012 0762 - - 0.024 0.225 - - 0.37
Baxter Springs, KS Maximum - 0.016 - . 0.030 10.08 - - 0.200 0.974 - - 1.7
From 3/79 to 11/91 Minimum - 0.001" - 0.000 0.04 - - 0.000 0.010 - - 0.09
Number of Samples - 21 - 21 44 - - - 16 44 -— - 21
(1)Spring River near BS, KS Samgled on 8-11-81 .0.000 - 0.020 -~ 0.02 - 0.000 — 0.11 ot 0.09 —
ources:. U. e a He 34-439: .

@ 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

mium um pper T fofi . won Tead Tead  Manganes MWanganes  Znc  Znc
Station Dissolved Total Dissolved Total Dissolved Total Dissolved Total  Dissolved Total  Dissoived Total
{mo/) (o) (mgM) (mgfM) (mof) (moM (mgM) (mg/M) mgA)  (mgMH)  (mg)
“TAH CHEEK e,
(1)Tar Creek on the Oklahoma- Average  0.054 0.017 0.010 0.011 1.08 5.68 0.028 0.058 0.18 0.18 9.08 6.87
Kansas state line south of Maximum  0.230 0.023 0.017 0.020 320 5.20 0.068 0.247 0.50 0.37 39.40 13.80
low water bridge. Minimum  0.008 0.011 0.004 0.004 0.10 0.15 0.020 0.020 0.08 0.08 1.24 2.10
From 2/80 to 12/82 * Number of Samples 8. 10 2 3 8 10 ] B8 5 .8 8 . 0. .
e e e e e e e o = b drrrtonn e+ iyl taens | e Aian oo s b e o e © e s e e oo At s T e T T
(1)Tar Creek on the Oklahoma- Average  0.016 0.017 - - 8.18 0.80 0.038 0.107 - - 3.24 352
Kansas state {ine south of Maximum  0.034 0.035 - f— 684,20 1.70 0.045 0.469 - - 1.1 1.4
low water bridge. Minimum  0.008 0.008 —_— - 0.05 0.18 0.030 0.030 - - 1.50 1.88
From 1/87 to 2/89 ' Number of Samples 3 8 —_— - ] a 7 8 - - 7 8
(9)Tar Creek on the Okiahoma- Average - 0.0178 - - - 7.871 - 0.0718 - - - 6.483
Kansas state line south of " Maximum - 0.023 — - - 82 — 0.247 - - - 138
the low water bridge. Minimum - 0.011 - - - 0.15 - 0.02 - - - 21
6/82 to 8/82 Number of Samples - 7 - - - 7 - 7 - - - 7
(2)Tar Creek at Treece, KS Average 0.020 - 0.007 - 0.12 - 0.010- — 0.11 - 287 —_
From 6/81 to 3/82 Maximum  0.040 - 0.010 - 0.18 - 0.030 -— 0.16 - 5.80 -
Minimum  0.010 o 0.000 - 0.02 - 0.000 - 0.04 - 1.30 -
Number of Samples 3 - 3 —_ 3 - 3 - 3 — 3 —_
(2)Tar Creek 1 mile NW Treece, KS Sampled on 8-13-81 0.000 - 0.000 - 0.17 - 0.000 - - 1.10 - 0.22 -
(2)Tar Creek near Cravensville, KS Sampled on 6-17-81  0.000 - 0.000 - 0.22 - 0.000 - o.11 - 0.07 -
(2)Chat Seepage near Treece, KS' Sampled on 3-18-82 0.057 - 0.010 - 0.00 - 0.010 - 0.14 - 5.80 -
(1)Ter Creek above Neosho River, OK Average  0.003 0.005 0.004 0.004 0.20 1.28 0.020 0.020 0.185 0.335 1.803 6.083
From 6/81 to 8/82 Maximum  0.004 0.011 - - 0.30 2.89 0.020 0.020 0.200 0.480 3.480 14,200
Minimum  0.002 0.002 - - 0.10 0.10 0.020 0.020 0.130 0.180 0.690 1.550
- Number of Samples <] 3 1 1 3 3 2 2 2 2 3 3
(4)Tar Creek 1 mile upstream from Average - 0.0188 - - - 8.853 - 0.033 - - - 21.333
the Neosho River. . Maximum - 0.083 - - — 52 - 0.198 - - - 104
From 6/82 to 8/82 Minimum - 0.002 - — — 0.55 _ 0.02 - - - 0.281
Number of Sampl - 20 - - - 20 — 19 - - — 20
NEOSHO RIVER
(3)Neosho River near Commerce, OK Average  0.0015 0.0015 0.0088 0.0111 0.0885 1.878 0.0032 0.0128 0.0173 0.268 0.0275 0.0814
and above Tar Creek Confluence . Maximum  0.004 0.002 0.08 0.048 0.48 55 0.02 0.025 0.048 22 0.15 0.33
From 10/86 - 5/88 Minimum  0.001 0.0 0.0 0.002 0.0 0.0 0.0 0.002 0.002 0.0 0.0 0.004
Number of Samples 1 24 24 24 20 120 23 24 1" 58 24 24
(4)Neosho River 300 yards upstream Average — 0.0027 — — - 1.703 - 0.02 - - —_ 0.485
of the.confiuence with.Tar.Creek. - Maximum - ‘0,003 - - - 2.88 - 0.02 - - - 119
During 8/82 Minimum - 0.002 - - - 1.1 - 0.02 - bl - 0.068
Number of Samples - 3 - - - 3 - 2 - bl - 3
(4)Neosho River 300 yards downstream Average - 0.0021 - - - 1.083 — 0.02 - - - 0.325
of the confluence with Tar Creek Maximum - 0.003 - — - 2.59 - 0.02 —_— bd - 0.72
During 8/82 Minimum —_ 0.002 —_ - - 0.28 - 0.02 - - - 0.058
-Number of Samples --- -— 8- - — — 8 — 8 - — - [:]
(2) U.S. Geological Survey Open-File Report 84-439: A of Water R In Lead-Zinc Mined Areas In Cherokee County, and Adjacent Areas.

(3) Kansas Department of Health and Environment - Storet Data Summary 12/81. Dates of actual data may vary slightly among constituents.
{4) Oklah Water R Board, Effects of Acid Mine Discharge on the Surface Water in the Tar Creek Area Ottawa County, Okiahoma, March 1883
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APPENDIX C

PHYTOTOXICITY DATA
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"Phytotoxicity of total lead in soils,

Soll Chemical
Concentration Soil Foem Ptant Species/ Hazard sigalficance .
Soil Tvve {oom} oH Apolied Tvoe of Experiment Pact Response Level Refacence

Drummer Siit Loam 1499 (Calc) 5.9 Pb Acetate fleld Coen/Stover-Gersin No Eflect aR paumhacdt and Welch (1972)
Hjoreh silty Clay Loam 1000 3.8 PbCly Geeenhouse/Soll _Pots __ Lettuce/(eaf 35,5 M JR 9.93 John_and Van Laechoven {1972)
Hjorth Silty Clay CLoam 1909 ).8 Pb {NO3) 3 Gteenhouse/Soil Pots Lettuce/Leafl 28.9 %V YR Q.08 John and Van Caechoven (19711
Hjorth Stlty Cioy Losm 1099 1.8 PbCOy Greenhouse/Soil Pots Lettuce/Leat 17.1 % YR Q.08 John snd Van laethoven {15711
Hjoreh Silty Clay Loam 1990 1.9 PbCl, Greenhouse/Soii Pots Osts/Tops _Mo Effect . . . .. .. @.05 . John-and-Van—Cserhoven—{1972)
fHjoreh Siley cuy Loam __ 1009 _ . .. 3.0 PDINOy) - ~'Greenhouse/Soll Pots T Oats/Tops No ECflect 9.03 John and Van Laethoven (1972)
Hjorth Stlty clay Loam 1099 ’ 3.8 PbCO}y Greenhouse/Soil Pots ~.Oats/Tops No Ellect e.905 John and Van taethoven (1971)
Yolo Loam 1909 4.0 PbiNOy} 3 Greenhouse/Soll_Pots Batley/Tops 3).3 VYR Q.05 Patel et al. (1977)
tolo tLoam 1009 6.9 Pb(HOy) 3 Greenhouse/Soil Pots Barley/Tops - 17.3 VIR [} Patel et ol (1Y~
Yolo Loam -1009 7.8 Pb{NOy) 2 Greenhouse/Soill Pots Barley/Tops 1.9 ¢ YR (N.S.} 9.0% Pacel et al. (1977)
Yolo (oam 1099 8.5 PbiNOy) Greenhouse/Soil Pots Batley/Tops Ho Elfect 9.03 © Patel et al. {1977)
Dytchleys Brown tarth 1090 N - #bCl, Greenhouse/S0l)_Pots Dats/Rooss $3.9_V_IR 9.31 Khan asnd Frankland (1984)
Heald Pack @crown Zarth 1909 NR Pb0 Greenhouse/Soll Pots Wheat/Roots 6.7 vV YR (u.S,) 0.95 XKhan and Ecankland {1587}
Weald Park Brown Earth 1900 HR PbCOy Geeenhouse/Soil Pots Wheat /floots 12.8 v ¥R .03 Kkhan and Frankland (1984) ]
Heald Park Brown Efarth 1899 uR PbSOy Greenhouse/Soll Pots Wheat/Roots 7.4 % YR (N.S.) 9.08 Khan and Fcankland (196¢)
Weald Park Brown Earth 1000 NR PbCly i Wheat Roots 33.2 % e 9.01 Khan and frankland (1984)
Waald Pack Brown Tatcth 1840 NR PbCly/Pb0 | Radish/Roots 19.8 1 IR .31 Khan and Ftctankland (I9WAT -
Dytchleys Brown Earth 509 NR PbCl Greenhouse/Soll pots Oat/Roots 36,0 3 IR .01 Khan and frankland (1984)
‘Héald Patk Brovn Zarth E11) NR PbCly Greenhouse/Sol} Pots Wheat/Roots 14.0 4 1R 9.01 Khan and trankland {1381)
Weald Pack Brown Earth 590 NR PbC1y/Pbo Creenhouse/Soil Pots Radish/Roots 4.6 ¢ fR (N.S5.) 9.98 Khan and Frankland (1984)

499 ' Oats No YR Pruves (1977

400 Lettuce Mo YR Pruves (1977)

. 409 : _Clover No ¥R Pruves (1977}

Paxton Fine Sandy Loasm 256 4.%5-6.14 Pb(NOy) 3 Greenhouse/Soll Pots Ryegrass/Tops Ho YR 9.91 Allinson and Dxiaco (1981}
Paxton Fine Sandy Loam 250 4.9-6.4¢ Pb(NOy) 3 Greenhouse/Soll Pots Osts/Seed ¥o ¥R g.01 Allinson and Ozlaco (19081)
Mertimac Fine Sandy Coem 2%¢ 6.9 Pb{H0j) 3 Gteenhouse/Soll Pots Al faslls/Tope 17.9 v YR (N.S.) g.01 Taylor snd Allinson (19€1)
Psxton Eine Sendy Losm 259 6.9 eb (HO)) 3 Greenhouse/Soll Pots Alfalfa/Tops 6.7 § YR (N.8.) 9.01 Tayloc and Alllnson (1901)
Bloomtleld tosmy Sand 250 8.9 PbCl 3 Greenhouse/Soll_Pots Cocn/Shoots 1.1 8 xR 9.9 Miller et al. (1977)




Phytotoxicity of total lead in sails, continued,

R Soil Chemical - - .. .
o et o Concentretion. . S04l — e FOEM e oo comes moees e T SR Spacles/ fiazacd Siquiticance ; . .
Sall Tvoe {oom) . oH" Avolied Tvoe of Exoeriment Pett Response Lavel : Relereace
Light Textyred 214 $.-8.1 Ssludge Fleld Spring Greens Satisfactoty tvields NA Shumbley and Unwin (1991)
Chester Silt Loessm 212 5.2 PoCly Greenhouse/Soll Pots Cotn/Tops 2.1 VYR iN.S) .93 Lagecveclt ex al. 1197))
Chester SIlt Losa 12 : Y PbCly - Geeenhouse/Soll pots ETTs1te/Tope 12,1 v 1R (N.S.) 9.09 Cagerwertl ot ol. (197))
Chester Siit Loam 212 5.2 PC) g Craenhonse/Scl) Pors Altalte/Tope 2.9 ¢ IR (n.5.} 9.0% Lagecverll ot o). (197))
Chester Silt Losm 212 1.2 PbCly Gteenhouse/Soll Pots Altetla/Tops 17.5 v 1leld tnccease 0.903 Lagecverfl et ol. (19
Sango S11t 186 $.6 Sludge fleld Corn/Graln ' Mo ¥R 9.08 Glordeno et al. (1973
Light Textuged 116 s s.-8.1 Siludge fleld forato {Tuber) Satlstacrory vields WA Chumbley and Unwin {1
Light Textured 156 $.-0.1 Sludge Fleld Sweet Corn
. ! {edible PoOR) Satistactory Yields NA Chumbley and Unwin (1%02)
Light Textured 188 s.-8.1 Sludge rleld Lettuce ‘
’ ’ (zdidble POR) Sotlsfoctory vields NA Chumbliey snd Unwvin (1982)
Bloonfield Loany Sand 128 6.9 | puClyg Greenhouse/Soll Pots Cotn/Shoots 1.5 V YR (N.S.) 9.0 Hlller et al. (1917}
Light Textuted 117 $.-9.2 siudge tleld. Cabbege Sgtistactory Tields NA Chumbley snd Unwin (1902)
Chester Silt Losa 113 $.1 PCl) Greenhonse/Sol) Pots Corn/Tope 7.8 V vield incresse .93 Lagecwectl et al. {197))
Chester Silt Loam 113 1.2 ({14 B Geeenhousa/Soll tots Cotn/Tape 13.8 % IR (N,S$.) 9.9% Lagecwverll et o). {197))
Chester S1it Losm 113 5.2-37.2 roCl Creenhouse/Soll potrs Alfsits/Tops Mo Effect v.93 Laqezverff ot al. (197))
Oxbov Leam 109 1.7 PoCly Ceeenhouse/Soll Pors Bromegeass/Tope 7.9 V IR (czom -
19 ppe (N.S.) .03 Kacamsnos et ol. (1976)
Oxbow Losm 199 . 1.7 el Gteenhouse/Soll rots Al talle/Tops 24,5V TR fcom 29 pom 9.98 Kazamanos et al. (1978) .
Waltville Loanm 108 6.3 PbCly Greenhouse/Soll Pots Alfslta/Tops 9.99 Y IR from
29 ppo (H.S.) Q.08 Kacemanos .ot sl. (1976)
Asquith Flne Sandy Losa 196 6.6 PbCL; Gr=enhouse/Soll Pots Alfalls/Tops 18.7 Vv IR from .
: . 26 ppm (W.S.) 9.03 Katamanos et al. (197¢)
Asquith Fine Sandy tosnm 196 6.6 rbCly Greenhouse/Soll Pots Dromegrass/Tops 17.8 1 vield increase
' 26 pro {N.S.) 0.0% Karsmanos et s1. (1976)
Dytchleys Brovn Earth ‘199 HR PoCly Creenhouse/Soll Pots Onts/Roots - 13.9 t Ye (K.S.) 9.08 Khan and Zeanklsnd TIVNT
* A —
. Ozbov Loam 9 1.1 None fleld HA Background L1 Kscomanos et ol. {1976}
Walftville Lose [ 6.) Hore tleld MR Background NA Ragamanos et o)., ()976 Y
Asquith Tine Sandy Losm 6 6.6 Nane Tield HR Background LTY Katamanos et al. (1976



phytotoxicity of total zinc in soils.

.“ . A
.

e

Soil Chemical
Concentration . Soil Form plant Specles/ Hazard Signiticance
Soil Tvoe {ppm) oH Apolied Ivoe of Expetiment Pagt Resvonse Level Refecence
_Nartsells Fline Ssndy Loam 969 5:% InsO, Grennhouse/Soll_ fPots  Coctn/Focage . " Hortvedt snd Glordsno {197¢
andy Losm 969, g.0 InS0, Greenhouse So fots __ Coin/tfotrage . HR Moctvedt_and_Glordsno_ (13785 -
. rtsell andy foam . . 8.5, .. 2080q .- - -—-Greenhoitsa/Sall-Pots~ - Corn/Fozage — — 96, [IE] Mottvedt and Glordano (1973
_Nartsells fine Sandy Loam i.0 nSO¢ Geceenhoure/So Pots Cotn/Fotege N [ L] Moctvedt and Glotdano (I97Y
Dornino Silt Losnm . n50,/51vdge Gceenhouse/So Pots these/Ceeln IR R Nitche et a1, |
—Domine_Slit_toam B ns04/§lvdge Geeenhouse/Soll Pots  fettuce/Tops 13 YR HR Mitchell ot ol.
Redding Fine Sandy Losn . nSO4/Sludge Geeenhouse/So Pots Wheat/Gealn 7 YR nR Nitche et ol.
_Redding tine Sandy Loam 669 5.7 InS0¢/Sludge Greenhouse/Soll Poxs fettuce/Tops 8y % YR NR Jfjtchell et ol. (1979)
8lount Silt Loesnm 606 i Sludge Field Corn/Stover Ho YR 9.08 Hinesly et o1, {1980)
Blount Silt Loam 606 | Sludge field Cotn/Gesin No YR 9.05 Hinesly et ol. (1982)
Redding Fine Sandy Loam 380 5.7 Siudge/InsS0, Gteenhouse/Soll Pots  wWhest/Gealn 2% Vv ¥R 9.98 Hitchell et al. (1970)
Sassafras S$jilt Loam $24 6.1 InS0,4 T30 Gteenhouse/Soltl_pots Soybesns/Leal 72.4 3 YR NR ¥hite snd Cheney {19689)
Pocomoke Silt Loem 524 6.} Ins0, 7H0 Greenhouse/Soll Pots  Soybeasns/Léat 26,2 V1 YR NR White and Chaney (1987)
Shano Sflt Loam 15-30 cn 3500 7.9 In(NOy)y 6H30 Greenhouse/Soil Pots Peo/Tops * 8 1 IR 9.9% ~ Boavn and Rasmussen {1971)
Shano S{lt Loam 15-30 cm >500 7.9 ZniNOy)g 6M30 Greenhouse/Soll Pots Clover/Tops 9% Yp .08 Boawn and Resmussen (1971} .
Sheno Siit Losm 15-30 cm 3500 7.9 tn{N0y); €H0 Greenhouse/Soll Pots Potato/Tops 8V IR _0.90% Bosun and Rasmussen (1971) -
Shano Siit Loam 15-30 cm $00 7.9 tn{N0y)3 6H30 Gereenhouse/Soll pots Tomato/Tops 26 v IR 9.08 Bosvn snd Resmussen (197))
Shano Silt Loam 15-30 cm $99 1.9 tn(K0y) 3 EM0 Greenhouse/Soll Pots Lettuce/Tops M v ¢.08 Boawn and Rasmussen (1971}
Shano S$ilt Loam 15-39 cn 400 1.1 Zn(H0y)y 6030 Creenhouse/Soll Pots  Alfslfe/Tops 17 Vv ¥R 9. Boswn and Rasmussen (1971)
Shano Silt Loom 15-30 cm {00 1.1 In{NOy}l3 €10 Greenhouse/Soll Pots Cleld Cotn/Tops 26 V. YR ¢.08 Boosvn end Rasmussen (1971)
Sassslras S$i1)t Loam 19) 5.3 Insoy ’n,g Ctesnhouse/Sol) Pors Soybesns/Leasl - 33.3 % ¥m uR HWhite and Chaney (1900)
Pocomoke Silt Loanm 393 [ 3] InS0y TH30 . Gteenhouse/Soil Pots Soybeans/Leal 15.9 v YR HR White snd Chaney (IVUVY
pomino Silt Loam Ja0 7.8 Ins0y/Sludge Greenhouse/Soll Pots  w#heat/Gealn 29 V YR MR nitchell et sl. (1970)
pomino Silt Loam 30 1.5 InS0¢/S1udge Greenhouse/Soll fots Lettuce/Tops 12 VR HR Mitchell et ol. (1970)
Redding Fine Sandy Loam R0 5.1 Ins04/S1udge Geeenhouse/Soll Pots wheat/Gealin 12 vV ¥R HR nitchell et ). (1978)
Redding Fine Sandy Losm 340 5.7 InS0g/Sludge Geeanhouse/Soll pots Let:uce/Tops 55 § YR HR Mitehell et ol. (1978)
Takeland $and 359 HH in3dy Geeenhnuse/Soll Pots  Slash Pine Seedling/
- Shoots $9.6_ 3 _XB NR Vanilese and Smith (1922)
Shano Silt Loam 15-30 cm 300 7. In(n03) g 6230  Greenhouse/Snll Pots . Wheat/Tops 18 v ¥R 9.905 Boswun and Rasmussen {157])
Shano Silt Loam 15-)0 cm Joe 7.2 Iniroy)y 6H 0  Creenhouse/Soil Pots s«cet Corn/Tops 32 V¥R 9.0 Boaun and Rasnussen (1971)
Sassagras Silt Loam 162 6.3 ingog  1H30 Gteenhouse/Soll Pots  Soydeans 10.) v YR uR ¥hite and Chaney (1989) i
pPocomoke Silt Loam 252 6.3 InE0¢ TH;0 Gerenhouse/Soil pPots  Soybeans 22.1 V YR HR . thite snd Chaney (1980}
Hattsells Fine Sandy Losm 240 $.9 Sludge Gtrenhouse/Soll Pots  Cotn/Forage tinld Increase HR Mocevedt end Gloedano (1973)
Hartsells Fine Sandy Loam 250 5.% InS0, Greenhouse/So Pots Cotn/fotage 49,1 Y IR HR Hortvedt and Glocdano (1975)
- "AEEEIEITS "Fine Sandv Loasm b4 L] .0 ins0og Gteenhouse/So pots Cotn/fotaqge 35.0 % YR NR Noctvedt ond Glotdoeno (I9TST
Hattselli Tlne Sandy Loam 240 ) InS0y Graenhouse/Soil Pots Cotn/fotage 8.3 V YR LL Hortvedt T
Hattsells Fine Sandy Loanm 240 1.0 Ins0, Grzenhouse/Soll Pots  Cocn/Foraye $.9 1 YR R Mortvedt and Giordano (1
Shano $ilt Loam 15-)0 cm 2009 i3 inin0y)y 610 Greenhouse/Soll Pots  Darley/Tops 16 v YR 9.95 Boawn snd Rasmussen {19
Shano Silt Loam 15-30 cm 200 3.8 In(NOy}); 6M0 Crecnhouse/Soll Pots Socghun/Tops JO V YR 9.08% Bosun and Rasmussen (197



Phytotoxicity of total zinc in soils, continued.

Soil Chemical ; .
Concentzatlon - Soll, Form ?lent Species/ Nozard sSigniticonce
$ofl Tvpe {pom) pH Apolied Tvoe of Expeciment Pace Resoonse Level Refezence
Sassatras Silt Laoam 196 $.5 - 2050, " 1ip0 Greeniouse/Soli Pots  Soybesns/Lest . vyn _NR Whize -and-Chaney (1900} -
_TSesselrae It Loaa 198§ —"--~1n$0:::7ﬁ;0*—‘““ctdenﬁouiigsolf'roti lo;bcnnllten( VY IR L] "h:g. and gh.ﬂ:; :::'q;
Pocomoke Silt Looam 196 - 5.5 InS0, 710 Gteenhouse/Soil Pots Soybeasns/Leal 6.4 v ¥R NR White and Chaney (1900}
Pocomoke $iit Losm . 196 6.) InSOy M0 Greenhouse/Soii Pots Soybeans/Leal 1.0 v ¥R NR white and Chaney (1960)
Domine S$ilt Loam- 180 1.% InS0y/S1udge Greenhouse/Sol]l Pots Wheat/Gealn 12 L ¥R NR nitchell ot al. (1970)
Domino Silt Losm 180 7.5 TnS0y/Sludge Greenhouse/Soll Pots  Lettuce/Tops No TR MR Mitchell et al. (1979)
Redding Fine Sandy Loam 180 5.7 tnsS0y/Studge Greenhouse/Soll Pots theat/Crain 9% YR uR Hitchell ot o). (1970)
Redding Fine Sandy Loam 109 5.7 2nS0,/8ludge Greenhouse/Soil Pots tLettuce/Tops 32 VYR NR Hitchell et sl. (1979)
Sassaftas Siit Loam 1N S.S InSOy TH0 Greenhouse/Soll Pots Soybesns/Leaf /.1 VYR (1] White and Chaney (19080)
Ssssalras Sjlt Losnm 131 6.3 ZnS0, 7130 Gteenhouse/Sol) Pots Soybesns/Lenl 19.9 V Yleld Incrasse HR White and Chaney (1900)
Pocomoke Silt Loanm - 131 5.5 InSO, M0 Geceenhouse/Soi} Pots $oybeons/Leaf 10.1 ¢ ¥R NR ¥hite snd Cheney (1900}
Pocomoke Silt Loam 131 6.3 NSOy M0 Greenhouse/Sol}) Pots Soybeans/Lea! .7 v (R NR White and Chaney {19890)
fRedding Fine Sandy Loan o130 5.7 Sludge/InS0y Greenhouse/Soll Pots Lettuce/Shoots 2% V YR 9,08 Hitchell et al., (1978)
Domino Silt Loam 10¢ 7.9% tnSO4/Siudge Cteenhouse/Soll Pots Whest/Grain te ¢t yp NR ticchell et o). (2920)
bomino Silt Loam 100 1.5 InSO,4/Sludge Greenhouse/Sojl Pots Lettuce/Tops ¢\ Yield Inccerse NR * Mitchell et sl. (1970)
Redding Fine Sendy Losm 100 $.7 tnS0y/Sludge Geeenhause/Soll Pots Whest/Grain J VYR NR Mitchell et sl. (1970}
Redding Fine Sandy Loam 100. 5.1 InsS04/Sludge Greenhouse/Sofl Pots  Lettuce/Tops 1) VYR L] Mitchell et al. (1970)
Sassalras Silt Loam (1] S$.$ InSOy 130 Greenhouse/Soil fots Soybeans/Lesl 8.2 % Yield Increase NR white snd Chaney {19989}
Sassafess SfI1t Loam (1] 6.3 InSOq 71130 Greeshouse/Soll Pots Soybedns/Les! 10.) ¥ Yield Increasse NR thite and Chaney {1909)
Pocomoke 5llt Losm (3] 5.9 InSOy M0 Creenhouse/Soll Pots Soybeans/tLesal 9.6 4 YR NR white and Chaney (1989)
Pocomoke Silt Loam (3] 6.3 TnSO4 71130 Gteenhouse/Soll Pots Soybeans/Leal 10.) v ¥R NR white snd Chaney (1900}
16 Minn, Surfate Solls (1) 5.)-8.2 None fleld ' NR Background NA Pierce et al. (1992)
Hortsells Fine Sandy Losm 60 5.5 Sludge Greenhouse/Soll Pots Corn/Foraqge Yield lncrease NR rortvedt and Glordanoe (197
Hatrtsells Fine Sandy Losm 69 5.8 InsS0, . Greenhouse/Soil Pots Coen/forage No YR NR Hortvedt and Clocdano (197
Hartsells Fine Sandy Losm 60 6.0 InsSOy Greenhouse/Soll Pots Cotn/Fotege $ VYR NR Mortvedt and Glordano (197
Hartsells Fine Sandy Losm (1] 6.5 InsSO, .Greenhouse/Soil Pots Cotn/Focage Yield Incresse NR Moctvedt and Glordano (197
Hatrtsells Fine Sandy Loam (1] 7.9 InsS0, ' Geteenhouse/Soll Pots Cotn/fFotage Yield Inctrease R vortvedt and Glortdeno (197
Lakeland Sand B 60 nR T Insoy Greenhouse/Soll Pots Slash Pine Seedlings/ )
. Shoots 2.9 VIR L] VanLesc 3nd Smith (1972)
Oomlno S1Tt Losm 690 7.% In504/5Sludge - Greenhouse/Soll Pots  theat/Grain KL NR Hltchell e o1, TI9T0Y
Domino Silt-Loam 69 1.5 InS0y/Sludge Greenhouse/Soil Pots Lettuce/Tops 19 o Yield Increase NR Mitchell er ol. (1978)
Redding Fine Sandy Loam’ 69 5.7 I1n504/S)udge Greenhouse/Soll Pots  Wheat/Grain 6V vield Incresse SR Mitchell et sl. {1970)
Redding Fine Sandy Loam 60 $.? InS0¢/Sludge Greenhouse/Soil Pots Lettuce/Tops 2y YR NR Hitchell et al. {1978)
16 Minn. Solls Series -
All Depths $4 $.3-8.2 None Fleid - NR Bacikground : NR Pierce et sl. (1982}
16 Minn. Solls Parent ’
Haterial 82 $.3-0.2 None fleld (L] Background NR Plecrce et al. (1902)
16 Minn. Suhenlle " $.3-8.2

Hone rleld NR dackground NR Plesce et al. (1982) .
. *
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Phytotoﬂc'i'ty of total zinc in soils, continued.

. Sof} Chem{csl
) Concenttration Soil, . Torm . Plant Speclies/ Hazard Signiflicance -
Soll Tvpe {oom} -1 Avoljed Tvoe of Esperiment Pact’ Response " _Level * - " Relectance ‘
1) Laden Flne Sandy Losm 41.) NR None GCteenhouse/soll pots Slash Plne Seedlings/
. Shoots 8ackgeound .HR VentLesr and Smith (1972)
bomino S$ilt Loam 40 1.% InS04/Sludge Greenhouse/Soll Pots thest/Gealn 6 % IR WR Hitchell et ol. (1970)
Oomino Silt Loam (1) 7.% InSO,/Sludge Greenhouse/Soll Pots tettuce/Tops 4V IR uR Hitchell ot al. (1970)
Redding Fine Sandy Loss 49 5.7 InSOy/Sludge Greenhouse/Soil Pots  Whest/Grain 2% ¥R HR Hitchell et ol. (1979)
Redding rine Sandy Losm (1] $.7 In504/$1ludge Geeenhouse/Soil Pots Lettuce/Tops No YR NR Hitchell ot al. (1979)
Leon Fine Sand 371.8 NR None Greenhouse/Soil Pots Slash Pine Seedlings/ . .
. ) Shoots Background MR vanlear and Smith (1972)
Sassalras S{lt Loam 33 5.5 ZnS0O¢ IM20 Greenhouse/Soil Pots ~Soybesns/Leaf 9.7 % vield incresse L White end Chaney (1980)
Pocomoke $ilt Loam 3] 5.5 InSOq 7H30 Greenhousc/Soll Pots Soybeans/Leal 9.3 % ¥R NR #hite and Chaney (1989}
Lakeland Sand e R In50, Greenhouse/Soll fots Slash Pine Seedlings/
Shoots 11.8 v YR MR Vantesc and Soith® (1972)
Lakeland Sand 39 KR Hone Greenhouse/Soll Pots Siesh Plne Seedlings/
Shoots HR vantesr and Smith (1972)

- Background




Phytotoxicity of total cadmium in soils,

Soll Chanlcal T .
Conzenterastion 22l Forw Plant Spocles/ Hageced Significence . ! '
soll Tyne {pam) i on Applied 109 ot Erpacimant Pace Resoonse svel Relegence ) s
site . .3 Sludge/Cas: Croantiouse/Snll Pots Ricasuenin 23 v ¥ LL Binghasm et al, (1979}
_Mecglnac Fing Sandy tosm 233 $.9 c:lug,“ ,o Gragnhaovse/doll Pots AtfadEn/Tops 40.3 % YR _(n.8.) 0,01 Taytar and Allinsen (1901)
rectlmac Flne Sandy toa= 333 [3%] CAiiiD) ¥y 1130  tircenhouse/anil Pots AlfaiTa/Tope
- ind _cupting 71.9 % ye .01 Taylot snd Allinson (1981)
Paxton Fine Sandy Loswm 1% 6.9 Cd30, Crannhouse/Soll Pots Alfatia/tops [T IRT] 1] ] ¥oylor and alllasnn {1
_Mozrlmac rl Sandy Losm 150 .9 cdiog Ceosnhoune/goll Pusa Alfa)fa/lope 61,0 % A (1] vul o¢_snd Alllnson (V991)
Faston Fin ndy Losm 139 L5 LN Greenhouse/Soil Pots Alfalle/Tope )
. - 3ad cutting 219.¢ v ¥ un Yoylor and Allinson {1901}
Mettimac Fine Sandy Loam 230 8.9 caso, Ceeenhouse/Soll Pots Altalta/tnpe ) .
: . = Ind _cutting 1.4 % va " ploe _and Alllnson (19014
Mezelvood Sllt Loanm 103 3.1 £4acly Gieenhousg/Sol]l _pote QalssEgaln $6.9 % ¥ ¥.9% Je ww_ {1373}
130 3.1 (104 ¥ Ceeanhouse/Soll Pots Osts/Leeves 102 v vn (0.3} 0.9% John (197))
1we $.) cdch, Ceeanhouse/Soll pots 03ts/Stalks I BT I 8 e.08 John {192))
_Haeelvood_Silk Loas 190 CaCly . GreenhousesZSall Pors. _  Cecpors/fubegs IR : John L)
23e)vaod Lo e (1] . €4y Greaohouse/Soll Pats___ Radish/Tubecs R T : (1)
szelvond oam (1] . CACly Giesnhouso/Soll Pokse Peas/Pods 1. . John
woo fosm ad N cdciy GreerhovseZSall_raots_ Pesn/ised [T . ohe_(137]) )
o voo Lo s (1) . ciciy Gresohouse/Soll Pots  Crullflovec/Lesves $.3 ) IR . ohn °
voo Losn [1] . C4C )y (u_q.hg],e—l(-ll Rots Droccoli/iesy 1.1 & 1A : ohn b
ZHeselwood 31t Laaa ([ 2 cacly ahouse/Sall Pats Sploach/iaa 1.5 1 ya . John
Hagelvood Siig Losm 293 5.1 cucly phouss/Soli_Rots___ Leal_Lekty 1.1 8 xp . oha
Domino $11t Losm 1 7.3-7.0 sludg./caso. Greenhouse/Soll Pote S Ve L Tnghaw al. (197%)
pomino $ilt tose 169 1.3 Siudge/Cdsu, Cceenhouse/Soll pots s /Tops 15 % 1 nR 8laghs al. (1926)
oonmino Siit Losm 160 7.3-7.0 sludge/cdsuy fireenhousa/8ail pots Yoresto/Ripe Fruit %V va (L] Blinghs od. {1918}
Domino Xlit Losm 11 7.5-7.8 $ludge/Cds$0, Cteenhouse/Soll Pots tucchini/lrult %4 xa NR Binghsm et al, 11975)
_Doning t fosm L3 $1udqe/Cd304____ GreenhauselSoll Poss_ . Sudan Cra9s/lops 3_3 AR LL ngham st o). {1976
poming t loea . $1ud38/CA3Q¢__ Gicenhoura/Soll Pota __White CloveesYope 89 ) IR LL} nghas et of. TIVVT
Doaine 1Tt Cosn . $1udge/Cd30, _ Greenhovse/Sell Pots__ Allslfa/Tops [T (L} nghy sV, TUSTEYC
Donlno Loam . STudge/Cds0y Gtcanhouse/Soll Pots 1511 Fescue/Tops 30§ R NK ng oI, TITR
Redding l‘lnt Sandy Losa 123 s.? . Sludge/Cd50, Creenhouse/Sol} Pots Lettuce/Shoots 2% v 1Al .08 nitehell » [RS21F]
Mattimac Fine Sandy Loam 18 6.9 Cd(NO0)) 3 4120  Greanhouse/Soil Potp Alladla/Tops 15.0 % ym (n.83.) e.0 Tayloe -ml Alllnaen sy
Hertlmac Fine Sandy Losm 123 6.9 CAiNOyy 4m0 Creenhouse/Soll Pots Altslla/tops
- _Ind cutting 36.2 v ¥yn a,.0k Teylor » uud Allinson (190))
Faaton Tlne $andy Losw 111) [$5 N T Greenhouse/Soil Pots  Alfs\{s/Tops 0.7 \ vield inccesse wE Toylor and alilasen (TYRIT"
"Hecclmac Flne Sandy tosm 123 6.9 cuso, Cteenhouse/Soll Pots Altsils/Tops 1.6 4 ¥ LU Teylot amd Atlinson {1901)
Pazton Tine Sandy Losm 1% .9 CJdS0y Greenhousa/Soll Pots Alfalta/Topr
. - 1Ind cutting 13.¢ % ynr NR Toylor and Alllnson. {1901)
Nertimac Fine Sandy Loam 12% 6.9 €180, Grieenhouse/Soll Pots AltsltasTops
: . . - 2nd cutting .y e NR Taylor and Allinson (1901}
Plalntield Sand 190.) (K} cdchy Geeenhouse/Sol) Pots -7 Speclen Natlve Almost Total
. X - . n Horealiny e Hiles snd parhes (1979}
Hatangs 3Tty cloy toam 193 5.0 €dciy Greanhousa/gol)_tots Wheat/Vops. 73, Y R Waghlal (1973 ;
I 188 [ cdacly Gtueohouse/Suil_Pote___Soydeaps/tops 9% 1 L WaghVel §131))
[0 [T cd 0 Geeenhouse/Soll_pots Whest/Nants [ ] AL Khon snd teeniland 11904)
i3 ET] Tdco) (TN Y Fhan snd Franklsnd (13817
100 ' €480, . L) Khan end Feantland I"Nl
joe NQ [ N in Xhon and Fran AL50
® Otuen Eacth 100 [1] €dCls Whéai [ . R Khan snd rran\ln?a!‘ll!"!‘
Brown Lacth L Ha T4y Oate/Roots . "w Rhan snd_Feandind._ {1984)
Domino Stit lLoam "% 7.9-7.9 Sludqe/Cds0, Ceaenhouse/Soll Pots Radiah/tTudes % v Ym un finghem et al. (197%)
pomina Sitt Loam " ) Sludje/Cdsn, Geeennhousn/Seill Pote Swhin Ceass/Tops 51 Vv ve NR Rlngham at al. 11926}
Vomino Silt as 1.% Shuilije/CASOy Gecenhouse/Soll Pots white Clovec/Tops 4} Vv ¥R MR Blnghan et al. 11316}
Domino $it¢ LEd 1.% Sludye/cusny Cenenhunan/Soll Poes AlLlalia/Topy (LR ] R Alnghaw et al, 11976)
Domine SVt fosm [H) 1.% Slucdne/Cdsn, Crcenhouse/5ail Pots Tall Farzue/Tope My L] Blnghaem E [18211]
L] 1.5 Studge/Cdso, Geeenhouse/Soll Pats Pecminle Graan/Taps (R BN 1] LU Ningham et al, (1976}

Drwino Silt Loam




==\ .. phytotoxjcity of total cadmium in solls, continued. o
. s .
Soil Chemical
. Concentetation Soit rosm . Plane Species/ “onard signiticance
L0i} Tvpe (TUL]] pw Appl ied Type_of tzperiment Pact fesponse Leve) : Relegence
nedding rine sandy Losx e $.? Sludge/CIs0y Cteenhouse/S0l) Pots Whast/laaves 0.0 nitcheld ot o), 11970)
Pazton fine Sandy Loam b 1] 6.9 C€ds04 : GCreenhouse/3oill Pors Al{sl(a/TOPS 1] Taylor snd Alilnson (3901}
Hettimsc Fline Sandy Loaw 3o €.y €As0, Gteenhouse/soll Pore Altala/Tope L L] Toyios and Allinson (1901) )
Parton fline Sandy Loam se ¢.9 Cds0¢ Creenhovse/soil Poce Allslla/Tope
. - Ind cutting 3.9 % vield lner 1) Taylor and Allinson ($901) ~
nertimae Fine Sandy Loam A1 6.9~ C€dso¢ Greenhouse/Soll Pate Al{slta/Tope
. - Ind cetting &V ¢t vintd inc Taylor and Alinson (190))
Wesld Park Brovn Ksrth 1] nun: Greenhouse/soll Pots fsdish/Roote M. Y "n-.. .:u “..:"“-:u “". J
214 Pach Brovn Estth L C4C1y Grexnhouse/Soft porp Wheat/Root s 61.) A\ v An an sankian
“Dyichieys dtova_Letth WR____ (o1, Itih:.:se:..b..*rno:..u Qate/Ra0NN LY 3 n Than sed TramtIsm TIIvTT
Beoming %13t Lnam . 7.3-7,9  Sludye /L0 seenhc it Pois Whest/Ctsln % ViR T hlaghem vt eV, JI3TST
Mertimac. Fine Sandy ltoan . e e 8.8 COUNOY )3 -4H30- —Creenhou e/801)—porte———Ablatin/tope — - - 1-V--vield-tnceeane (N § - Taytor—and tinson- {19010 -
Mereimae Fine Sandy Loao 6.9 Cdin0y) 3 4130 " Creenhouse/Soll Pots Allslta/Topn
" : - 3ad cutting 11,9 v yn Teylor and Allinson (1981}
Flansgan Silt Loaw sa 1.3 Cachy enhouse/Sal) Pots Soybeans /Shoots 9.3 v ¥ Poggess et o). (1970)
narengo silty Clay tosm 0. $.? €4aCl enhause/Soll Pots Shest/Y0pY TR 1] Maghig )
“Harenge STty Tlay_Leaa 5V T CdCly . _GreenhouselSell fote_ _Soybesaa/teps - 05.2 % 18 —taqhig 13)
1 fvood $§it Losn 40 $.1 CdCly Crecnhouso/§oll Puags OptasCeoin 6.3 V ¥k John 139
Hazelucod SIIt Loam 3T €dci, Geeenhouse/soll pors Osts/Leaves Wo YR John {
Hazelvocd Siit Loam 3.1 CdCly GCeeenhouse/soll Pots Osts/Stalns No YR . John {1973}
it Loam 3.1 ‘CdC - Gteenhouse/soll rots Covtats/Tubers 0.3 % YR IN.8,) John (19TD)
$ilit Loam s$.1 cdcyy Geeenhouse/soll Pots Rediah/Tudess 1.9 % YR (n.5.) John (1970)
Hezeluvood Slit Losm $.1 €4C1y Creenhouse/Soll Pors Pess/Pods 9.7 ¢ vr tn.S.) John (197)}
Mezelvood $l1t l.nam 3.1 €4Cly Greenhouse/soll Pots Peas/Seed 8.1 % ¥R . John (1913} '
Hetelwood Siit Loem 3y €dciy Geeenhouse/Soll) rots Csulitiover/Lesvas I vy s John (137Y)
Hegelvuood Silt Losm 5.1 (-1 Y Greenhouse/Soill Pots Broccoll/Leaw o TR - Joha (191))
Hazelwood_§|)t Losm 3.1 €dCly Creonhouse/Sol) Potse Spinagch/te (LI ] John “::_
Heteluood siit Loam 5.1 CdCty Geeenhause/Soll Pots tesl Lettuce/L . ohn .
Bomino Siit Loam 7.5-7.¢ siudge/Cdsoy Greenhouse/soll Pote rigld Been/Dry Dosn slinghsm et o). (1978} )
_Doming $i1t_Leam 2.3 $1vdge/Cd50, Greenhouse/Sall Poss _ Svdqn Gress/Tops I Binghsm gt o). 13976)
bomino silt Losm 13 $1udge/Cds0y Alfai(a/Tops [T Blngham et ol, (TVTE]
bomine Siit Loam 1.3 $Sludqge /CA80 white Claovec/vopse 9] inghsm ot o). (1976} N
Oomino $ilt Loam -8 Sl1udge/Cd50, sll Fescue/Tops sn 8linghem gt ol. (1976}
Domino $§it Losm 1.8 $1udge/Cds0y Neemuds 1] singhem et ol. 11976} : .
Herengo Slity Clay Loa 6.7 €4Cl, Greenhou Mheat/Tope nR sghiel 13913}
“Hitdngo §11iy Clay ToiR 87 TICT, Gieenhovee/Soil Pora __ Soybeana/lopt T _NR [ JLALENELERE))
visintield Sond . “e €dc1y Creenhouse/soll Pots Kentuchy Slueg o/
. : Shoots ne niles snd Pertker [1979)
Flelnileld Tand LA ) cdciy Cieenhouse/s0ll Pats tirele Blucetan/ g N
Shoots NR and Pavher {1979}
Plaintield Sand 4“0 (214 P Cteenhouse/Sotl Pote Rough Blazing Stee/
. N Shoots : #R 1197191
Flelnilald send [N CdCig Greenhouse/§ol)_Pots___Polson. Lvy/ghoots T 122 2441
“PUIMALIEID Sand T.r [2.[3 B Creenhouse/Soll rots plack-eyed Susen/

- . 1 Sheots, . 3.} an 1919
TFlelnlTeid sand 1 €dci, Creenhouse/Sol Wijd_fetgamat/Shoats L1 and Pathet |
“FhaTniTeld Sand LN (L9 T) Ceeennhovse/Sol tong-Frulted Thimbie

Heed/Shoots 0.4 % ¥R niles snd Pather L1979}

Hataengo ity Cloy Loom bAd 6.7 cdci, Greenhouse/$oll Pote Wheat/Tops Noghicl 11973)
Hatengo Silty Clay Loam o .7 (.14 3% Creenhouse/sol) Poto Soybesns/Tope Haghlel (197D}
pomlino Silt Loam bl ] 7.3-7.9 S$Sludge/CASO, Creenhouse/Sol) Pote Tutnip/Tuber % V¥R Binghsm et of, (1975)
Flansaan Silt Lo.w 2 1.3 cdci, Greenhouse/Soll Pote Soybeens/Shoots 9.0 L ¥R Roqgers «t at. 11918}
Dowino sjit feam 22 7.%-7.8 Sludqe/Cd80, Greenhouse/Soll fots Cattots/Tuber % Vv vn Bingham ot o). {1979)
Ortchieys teovn 2 NR €dCly Gteenhouse/Sall_fots Qste/R00Ls $¢.2. % ¥R Xhan end Frankliand (190¢)
“Rivengd ¥1Ey Ty Leam bid Ty cdci, Greenhouse/S0ll Pots Whest/Tops . ghlel (19001
Herengo $iity Clay toam 20 s.7 cdc, ‘Greenhouse/Sal) Pots Soybean/Tups Heghicl (19730
Dosiny __". Loam "u 5-1 Sludye/CdS0, _Greenhausc/Soll fots Cotn/Ketnat 3V e -_:n....._.. “"."". (1522 3]
Marergo Silty Clay Lorm 6.1 cdcly enhouse/sol oty _ _Whept/Iops 8.9 % vn Haghie
L a-..“d w:..qw. haeﬁ 715 T3 L] Cdcry tnenhou a\“e.“.l“o“- aq.?n.:Nﬂq-.n 63.2 § \H Tiaghlel (1073}
“UORIRE T TY LB AR TV < o, oTEn, ey p 3 LAty LY e T e T ST

o “SatygPacrory Yeelds: Churbley and Unwi'sy (1982)

Loems .
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Phytotoxicity of total cadmium in soils,-rcontlnued. ..

Soll \ . ChewTeal d
Toncencestion sSoll Fotr . Plant Specles Hazeed
3241 Tvoxr [ ] ol Applied Tvpe ol Faperiment ""F / Rasponne “‘:::::.". . Neterence
2laoltntleld Sand [0S ) 1.8 Cdcl, Creenhouse/%oll Pota Kvntucy Dlueqresn/

. hoots .? b &
viatnlliald Sand 9.3 .8 cdacly Gueenhouse/Sofl Pore Ll:t:v'ﬂu"t'-/ ' ' -'- " nitee .M porter 119N
e e [ Shoots WL N ¥R (1] niles ond Pathec (197Y)
Pisiniivid 3end TETE Crewnhouse/ 4 !

S o, [EESSESGESuSUR S5 ROUE G St - 19.6 % IR - M. . -ond_Perhee (09390 . .
Plsintield Sand cdcly Cecenhouse/Sol) pote Polson [vy/Shoots 20.9 V Yleld OInceease L1 and Pother :“") . '
rlslaflield Sand Cucl, Cieenhouse/Soll Pots Bleck-Cyed Susan/ .

N $hoots 10.9 v xw UL} and Parher {19791
tialntleld Tond cdci Gueenhonse/Sall pote vwild Bergomot/Sheotes 133.3 V YR L ond Favker (I1VTV]
Pieintield Sond cdCly Creanhounn/totl pors tong-Fruited Thimble

. . Veed/Shoote 0.7 % ¥R 1] Miles and Pasher (1979) .
Dytchteys Brown Larth 1e NR cdcy Creenhouse/sol) pots Osty/Nooty .3V e.et Khon ond Frankland (19000
Doslino $ilt Losm 10 1.9 $1udge/Cds0, GCreenhouse/Soll pots White Clover/tope IR L) e Singhem et o). 11976
vomino Siit tosw . 10 - 7.3 $ludge/Cd30, Creenhouse/Sol) pots Suden Ctass/Tops T NR- Binghem ot a). (1976)
Oowino Silt Loswm 10 7.% Studge/Cds0, Gteenhouse/Soll pots Alfalta/tope 17 % ym L) Oinghem et o). {1976)
poslno Sllt Losm 1 1.3 Sludge/Cds0, Cteenhouvse/Soll pots Fetmuds Crens/tope [BRL] ue ~ Singhew ot al. (1976)
Domino Si)t Loem c1e - . 1.9 Sludqe/Cd30, Cteenhouse/Soll Pots Tall fescue/tops 1% an L Singhsm et ol. (1978)
Flansgan St Losm 1 1.) cdcly Creenhouso/Sol} pots Soybean/Shoots [T} s.01 Boggess et sl. (1970)
Hacengo :::ty g:-y Loss :: :z ch:, Creenhouse/Soll Tots  thieat/Tops RN . :' . :",":': ";;;;
Marengo ty Cloy toam . cocly G ouse 1) gAng/Taps ' l!.! (901, T b :“' el U . :
Loams 3.3 3.0 Siudge r?ﬁg""’“ gpr ng G l!' eaves stlsloctoey Yielde “onetwt3902)
Loans 1.9 $.-8.1  Studge fleld Lettuce/Leal "Setisfactory Tletds® . MR Chumbley snd Unvin {1902)
Losms 7.9 $.-8.1 _ Studyge tleld Sveet Corn/Crain “Satistlectory Yield L0 Chumbley and Unvin (1902)
toamns $.3 s$.-0.1 Studye fleld Reet Root/Tubet “Sstisloctoey vields® we Chumbley and Unvin (1982)
Grenville Losm 0-15 cn $.¢ 6.6 cdcl, Greenhouse/Soll pots Lettuce/Tops 7.3 1V IR (%M. 8,) 0.903 Singh (1903)
Grenviile Losw 9-13 3.6 6.3 cdcty Greenhicuse/Soll Pots Lettuce/Tops 19.9 Ve g, 8.0 0.08 Singh (1991)
Geenville Losm 0-13 ce 5. ¢ €.3 re Preclp CdCly Greenhouse/Soll poty Lettuce/tope 9.9 1 TR (N,.S.) e.03 Singh (1981)
Grenville Losm 9-13 c» 5.6 6.3 fe Preclp C4C1) Greenhouse/Soll pots Lettuce/Tops M.y LA 9.08 Singh (1981}
Grenville Loem 3-13 c» $.¢ 6.7 Al Peeclp CACI3 Geeenhouse/Soll Pots Lettuce/Tops 1.7 4% In (n.5.) e.v3 Singh (1901)
Ceenvilie Loam 9-13 cw s. 6.6 Al Precip CdCl; Ceeenhouse/Soll pots Lettuce/Tops - 15.2 % yn 0.93 Singh (1901}
Geenville Loam @-13 c» $.¢ 6.¢ Hn Preclp C4Cly Greenhouse/Sull pots tettuce/tops $.7 v YR (w8} 9.03 Singh (1901} .
Geenville Losm 9-13 > s. 6 6.1 HMn Preclp CACly Niceenhouse/Soll Pots Lettuce/Tope 1.3 % - 9.03 Singh t1901)
tGeensitie Laam 0-18 co 5.6 1.1 CeCOjy + CACIp  Greenhouse/Soll pots Lettuce/Tops 16.6 1 e Singh (1901)
Geeoviile Loem 0-13 c= 5.6 1.1 Cat0) ¢ CICly  Greenhouse/Soll Pots Lettuce/Tope 2.3 % T Singh (1901)
Ctenville Losm #-13 c» 3.6 . 1.9 C4Cly ¢ CaCO) Greenhouse/Soll rpote Lettuce/Tope 1.6\ $ingh (1901]
Cetanvillie Loam #-13 c» 3.6 6.9 CCly + cacny Geeenhouse/Soll pots Lettuce/fops 3.1 v IR Singh (1901) .
Ctenvitle Loam ¢-13 co s.6 6.0 Shudge Creenhouse/Soll Pots Ltettuce/Tops 9.3 % v 0.03 Singh (1901} .
Ctenvsille Loam 0-19 c» s.¢ $.0 Studge Creenhouse/Sol) pots Lettuce/tTops $2.) % Tleld Increase 9.03 Singh () )
Geenvi Loam 0-13% cw= 5.6 1.9 Sludqe - Cteanhnusa/sSoll rors tLettuce/Tapy 1.1 % ¥ 9.0 Singh () ]
Ctenville Losm 9-19 c» ‘9.8 7.9 Studge Gireanbouse/Sol) Fots tettuce/Tope $3.0 % Yleld Incresse 0.0 Singh (1%01)
GCetanville Sandy Loam 0-19 em .60 1.4 c9Cl, Creenhonse/Soll Pors Lecttuca/tapa .7 % YR un Meclesn (19789

Romons $sndy Loam $.%7 6.0 Studge Creenhouse/Soll rots Barley-Barsoy/topy 1$ % Yr (N.S5.) 9.93 Chang ot of. t19612)
Romuns Sandy Loasm s.y? . 6.0 Studqge Creenhouse/Soll Pats Bacley-0clgge/Tope 1% YR NSy 4.0l Chang et al. tl98Y)
Romons $sndy Loam 3.1 s.0 Sludge Ctcenhouse/Soll rots Dl(‘e’-'lol?dl 1037 ' . . .

Tops 1¢ 3 tield Inceense ..

Romone Sundy Losw -$.%? 6.0 Sludqge Creenhouse/Snil Pore Rosley-tother/Tope 11 Vv Yield Inctease ::::: :: ::. ::;:;:
uplands Send 0-1% c» $.5¢ 5.3 CdCl,y Cteenhouse/So0ll rots Lettuce/Tope 3.0 % e R MecLenn ()976)

Uplands Send 0-13% cw» S.%¢ 1.9 caCl, Cteenhousa/Soll pPots Lettuca/topse 7.9 v vr NR MecLaan (1976)

Ridesv Cloy 0-13 cn 3.30 [N Cetrzly fitaanhouse/Soll rote Lettuce/Tops 0.4 % vield Incresse L} Meclean (1974)

Ridesu Cloy 0-15 cm .30 6.0 CICly Gteenhouvse/Soll pors Lettuce/Tops 1.6 % ¥ NR T Mactean {19760
Geanby Sandy Loom 0-19% zm 3.48 6.7  cdCly Lettuce/Tope “wtr v "n wsrloan (%360
Uplands Sand 13-)0 cn s $.2 CUCl, Lettuce/Topr JL.Y) N Ym HR 196
] T Zind e, t.9 cecy; Crzes Lestuce/tape .0 % "R i
nacengo Silety Clay Losm s 6.1 cicl,y Greenhouse/Soll Pots Wheat/tops 7.9 v e He LECLITS IS 22 ¥ ]

Havengo Silty Clay Lose 3 .1 cdac, Creenhouse/Soll pors Soyhesns/Tops 10.) % ¥ L L] lln)hltl nem
neteinac Pine Sandy Losm . s 6.9 Cd(#0)1 g 410 Crecnhouse/Soll porse Allabte/tops 25.7 % ¥ (N.8.) 9.0t Taylne snd 310 Innon
Mageimac Flne Sandy Loew s 6.9 _w,,, tH30  Cieenhuute/Soll Pots Alfslta/Tops 6.5 v v 9.0 Taylor and Altinsen




Phytotoxicity of total cadmium In solls, contlnued.

- Soll_type

Chemlcal
Fotm
Applied

Type of taperiment

Plant ftpeclies/
rPart .

" 9
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signillicance
tevel
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< goile

16 minn, Sutlece Solls
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Domino $1it Los

16 ninn, Sudsolie
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None

Hone
Hone
None
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Tieild
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fleld :

Tleld

fleld

rleld’

rield
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*Uncontaminsved Site”
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L]
L1 Y
L2 Y
2]
“R

1Y
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Miles snd Parker (1921




l ' .

Phytotoxicity of total arsenic in soils.

Soll Chemical
Concentcation Soit - Foem ' Pisnt Specles/ Nazacd " Sslignificance .
Sol)l Type {ppm) pH Aoplled Type of Expetiment Part Response . tevel Refezence
Hagerstouwn Sklty Clay Loam 3000 =~~~ 8.5 = MajliasO¢ __ Greenhouse/Sol) pots 0O 0.08 Woolson et
ilbgerstouwn siity Cley Loam 1009 5.5 {e91iNsO¢ Greenhouse/Soil pots 9.9%
Lakeland tosmy Send 1060 <3 THeanAs0 Greenhouse/Soil..Pots. . Corn L § —— X ) — .88
Lakeland Loamy Sand . _ 1000° 6.2 K2 11250, “Greenhouse/Soil Pots ¥ - - 0. 9% Woolson et
Bucrnt Fork Cobbly Loam . 6.1 Smelter : . .
. : T . Contamination Ffield Cotn/Shuots 8 1 YR HR Hoolson et
Hagerstown Silty Clsy Loam 180 5.8 Mahhs0¢ Greanhouse/Soil Pots Co(n/Shnols . 4V YR (n.S.) . 0.0$ Woolson et al, (191))
Lekelsnd Loamy Sand. 6.2 . Maliasog  Gteenhouse/Soll pots _C 9.65 Hoolson et al. (197))
_Nageestoun’ Sllty &lay Lo lia3itks0¢ Gteenhouse/S5oil Fots 9,95 Hoolson et nl’ 13131
“Lakelond Cosmy Sand o V2 3NASOy. _Greenhouse/Soll _Pots__ O 4] 9.0 HWoolson et al, (191)
Plalntieid sand o 3.5 T paAsQy " rield ss/Seeds _ } e.41 Steevens et al . 1
‘Plaintield_sond 7 i ., N hs07 Field Fotatoes /Tubers 0 1 o0 stii’ﬁﬁ!'i!"ilt'Il!nl“’
Houston Black Clay 99 1.6 As0y rield rots Bermuda Gress/Leaves §ig. Growth Reduction
e e i, (58 4 HR Heaver et sl. (1984)
Wesuood diack Clay 17 TAs30y T TField Pots ___ ____ Betmuds Grass/Lesves Grouth Prevented NR Heaver et al."T1981)
_Aiénoss Fire Sand_ T " " 90 4.0 Asaoy T " Tield Pors Betmudas Grass/Leaves Grouth Prevented NR Weaver et al . ITINIT
“Avg, 1) Soils 8s ‘uR %R T uR - Cotn Level ol 3Ig ¥R TR WETgn eT ol T-(19 1)~
Plainfleld Loamy Sand (1] NR NR e . Fotato : tevel of Sig YR NR Halsh et al. (1977)
Pleintleld Loamy Sand 1] HR Ha MR Sveet Corn tevel of Slg YR MR Walsh et sl. (1977)
.Plaintlield Sand 45.4 $.5. . PaAsOy.__ . _Field __.___.___ .. _Pess/Sged_ ~39.9.3 ¥R 9.19 Steevens et al. (1972)
“Plaintield sand ; 5.0 s.$ NaA30y rleld Potatoes/Tubers 17,1 v YR 9.19 Steevens ot a1, (1971
Houston Black Clay 43 1.6 As0y ricld fots Bermuda GCrass/leaves Stight YR (1% V) ng Heaver et al. n"l)
Wesvood Silt Loam 45 .7 ksa0y T _Field poxs Betmuds Grass/Lesves 83 % ¥R NR Hesver et al. (1984)
“Atencss Flne §and e [ K330y Fleld fots Permude Grass/Lesves to YR nR Hesver de stoi1oee)
Colton Loamy Sand Y NR "R . HR Blueberry tevel of Sig YR HR HWalsh et al. (1977)
Plainfield Sand 21 5.8 HaAs0, rield Pess/Seed . . 2.9 % Yield Increase .
' : 5.8} 0.1¢ Steavens ot 21. (1972)
Plsinlield Sand 3] .88 NaAs0, " Fleld . Potatoes/Tuber 8.6 4 YR (N.S.) 0.19 Steevens ot al. (1972}
Plaintield Loamy Sand s HR KR #R Snap Beans snd Pess Ltevel of Sig YR NR Walsh et al. (1977)
Plajntield Sand 14,1 5.8 HaAsO)y Field Peas/Seed 15.9 V vleld Increase . R
, i . IN.S.) 0.19 Steevens et sl. (1972)
Plaintlield Sond 14,1 5.8 NaAsOy fleld Fotatoes/Tubecrs 1.7 A YR (H.S.) g.1¢ Steevens et al. (1970}
Hagetstoun Siity Clay Losm 10 - 5.8° 1ayNA R0y Greenhouse/Sol) Pots  Corn/Shoots Yield tncresse (N.S.) 9.95 Hoolson et al, (197))
Lakeland Losmy Sand 10 6.2 Mo HASO¢ Greenhoute/Soil futs Cotn/Shoots 3V YR (N.S.) 0.03 Woolson et sl. (1973}
Magerstovn Siity Clsy tosnm 19 $.8 EPTUIYT-N Gtecnhocse/Sol) Pots Osts/Shoots : 1 v IR 9.93 Woolson et 81, (191))
Lakeland Loamy Sand . 10 6.2 NoaHASO,. Greenhouse/Soll fots Osts/Shcots 6 %V YR a.08 Woolson et al, (1970}
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pPhytotoxicity of total arsenic in soils, continued. o . ' . : : B N .
soil Chemicsl
. Concanteation soll fotm Plent Speclies/ LTI stgnitficence :
soll Tvoe - (pom}- OH Applied type of Experiment Pety Response Level - .- . Reference
Houston Bleck Clesy 19 7.6 As30y Fleld potrs Bermuds Cross/teaves No YR e Wesver et o1, (1904)
Wesvood Sllt Losn 19 1.7 As,03 field pots Bermuds Grass/Leaves Ho YR . L] Heaver et ol. (1984)
Atenoss Tine Sand 1e (P9 As30y field rots Aecmuda Cerase/Leaves Ho YR (1] Weaver et sl. (1384¢)
Helena Valley [ ] NR None rleld - us X Sackground HA . Mlesch and Hultmen (1972)
NA . s.e0 NR NR fleld 11} Background ’ HA Sheackliette snd Boecngen (1984}
Heswood S§lt Los $.6 7.1 None rield NA : Bsckground NA - Wesver et si. (1984)
Houston Rlack Cley 4.0 7.6 None fie)d NA . Background NA Weaver et o1, (1%04)
Plainfield Sand 3.6 .S Hone field : Ha i . Backgtound ua Steevens et ol. (1972}
Atenosa Fine Sand 1.2 ¢.? None Field i : NA Background HA Weaver et sl, (1984%)
NR 1.02 s 0.5 -
tet Welght WNR Mone ' rield vegetables Background HA

Andercog et 8sl; (1978)




