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1. INTRODUCTION

Ecology and Envu'onmcnt. Inc. (E & E) was tasked by the United States Environmental Protection
Agency (U.S. EPA) under Technical Direction Document (TDD) No. S05-9609-002 to prepare a
streamlined risk evaluation (SRE) for the Garland Road Landfill (GRL) site in West Milton, Miami County,
Ohio (U.S. EPA 1996a). This SRE is prepared in support of an Engineering Evaluation/Cost Analysis
EE/CA being conducted by the potentially responsible parties (PRPs) for the site. The purpose of the SRE
is to evaluate the potential risks posed to human and environmental receptors from contamination at the site
in the event that no further action is taken at the site.

The SRE has been prepared and organized in general accordance with U.S. EPA's Risk Assessment
Guidance for Superfund (RAGS), Volume I: Human Health Evaluation Manual (U.S. EPA 1989a); RAGS,
Volume 1I. Environmental Evaluation Manual, EPA/540/1-89/001 (U.S. EPA 1989b); and other related
guidance, including but not limited to, Guidance for Conducting Non-Time Critical Removal Actions (U.S.
EPA 1993a), and Presumptive Remedy for CERCLA Municipal Landfill Sites (U.S. EPA 1993b).
Descriptions of the site history, previous h1vesﬁgaﬁon§, and the nature and extent of contamination are
presented in the EE/CA work plan prepared by the PRP Contractor (Conestoga, Rovers, and Associates
[CRAY)), in previous reports prepared for the site by the Ohio Environmental Protection Agency (OEPA) and
U.S. EPA, and in the EE/CA report (to be prepared by CRA). A brief discussion of these items is presented

in Section 2.

1.1 Purpose and Scope of the Streamlined Risk Evaluation

EPA guidance on conducting non-time-critical removal actions (U.S. EPA 1993a) requires that a
Streamlined Risk Evaluation (SRE) be included as a component of the EE/CA in order to assist in
determining whether a removal action is required, and to identify the potential current and future exposures
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that should be prevented. The SRE is intermediate in scope between the limited risk evaluation performed
for a removal action and the conventional baselme risk assessment conducted for remedial actions. The SRE
isintendedtoevahlateﬂ:cexisﬁngandpotenﬁalrisksposedbythespeciﬁcproblemthattheremovalaction
is intended to address, and can be both qualitative and quantitative in nature (U.S. EPA 1993a).
ThcpurposeofthisSREistoevaluatepocntialriskstohumansandthecnvironmcntasamultof
exposure to contaminants present in groundwater and surface soil at the site. Due to the lack of analytical
data for‘off-site media (soil, surface water, and groundwater), the SRE focuses on contaminants detected at
the landfill, and thus is intended to evaluate on-site contamination relative to a presumptive remedy for a
municipal landfill (U.S. EPA 1993b). ’
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2. BACKGROUND

2.1  Site Description _ :

The GRL site is a 15-acre property located along the west bank of the Stillwater River south of
Frederick-Garland Road, just outside the city limits of West Milton, Miami County, Ohio (see Figure 2-1).
The property is approximately 2,500 feet long and varies between 300 and 500 feet in width. The site is
bounded on the north by Frederick-Garland Road, on the east by the Stillwater River, a State Scenic River,
and on the south and west by farmland. The City of West Milton is located less than 1 mile northwest of the
site. The City of Union is located approximately 2 miles to the south. The landfill covers most of the
surface of the site, except for the southeast end. The site is located within the 100-year flood plain of the
Stillwater River, and the southern portion of the site floods annually (FEMA 1983).

2.2  Site History ‘

The GRL site was initially used as a landfill during the early 1960s, by then property owner Harold
Ostrov. Landfill operations were interrupted for a brief period when Ostrov sold the property to B & W
Realty in 1966, but resumed in 1967 under lease by B & W Landfill. Between 1967 and 1970, the landfill
reportedly received large amounts of liquid and sludge wastes from Genéral Motors Inland Division of
Vandalia, Ohio, Wastes were reported to have been dumped into trenches 15 to 20 feet deep. It is not
known if the trenches were lined. * The landfill also received household waste. Operations ceased at the
landfill in 1970, and B & W sold the property to the current owners, Paul and Martha Theis, in 1973.

Anonymous citizen complaints prompted an inspection by OEPA on March 21, 1991. OEPA noted
numerous drums protruding from the ground surface and the river bank, and estimated that at least 400
drums were present at the site. A follow-up visit was conducted by OEPA on July 15, 1992, to collect
samples of drum materials and surrounding soil for analysis. Results of the analysis of 4 drum and 4 soil
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samples indicated-the presence of chlorinated and non-chlorinated organic solvents, semi-volatile organic
compounds, polychlorinated biphenyls (PCB), and heavy metals.

EPA's Field Investigation Team (FIT) conducted a site assessment on January 28, 1993 and collected
six soil samples, four sediment samples, and one groundwater sample from a nearby residential well on April
7, 1993 (PRC Environmental Management, Inc. [PRC] 1993). On March 23, 1993, U.S. EPA's Technical
Assistance Team (TAT) contractor collected samples of drum contents, and surface soil from the site. The
results of analysis of samples collected during both the FIT and TAT iss&ssmems revealed the presence of
organic solvents, metals, PCB, and semivolatile organic compounds in soil and waste samples.

EPA initiated a time-critical removal action at the site on November 8, 1993. Activities have
included excavation of approximately 13,000 drums, and over 11,000 tons of soil and debris associated with
the drum removal. Excavated soil has been stockpiled on site until final treatment options are determined.
Debris containing vinyl chloride above TCLP regulatory limits was placed in an excavation pit (#P-9) on-site,
and comes into direct contact with shallow groundwater at the site.

23  Summary of Nature And Extent of Contamination

This section summarizes the nature and extent of contamination deected at the GRL site based on
investigations by OEPA, U.S. EPA, and CRA. Groundwater, surface soil, sediment, and fish sampling
locations are shown in Figures 2-2 through 24. - Summaries of analytical results are presented in Appendix
A.

On-Site Surface Soil

On-site surface soil samples were collected during investigations by OEPA and U.S. EPA prior to .
the removal action, and by CRA subsequent to the removal. Pre-removal soil samples were collected
Jjudgementally from areas next to drums, or other areas where contamination was suspected. Contaminants
detected in surface soil on site include metals, PCBs, PAHs, pesticides, phthalates, and volatile organics.

Post-removal surface soil samples collected by CRA from soil borings and monitoring well borings
indicate that residual surface soil contamination exists at the site. Contaminants detected in surface soil on
site include metals (detected in all samples), Aroclor 1248 (one out of 12 samples), Aroclor 1254 (6 of 12
samples), PAHs, 4,4'-DDD (2 samples), dieldrin (4 of 12 samples), phthalates, and volatile organics. Due
to the limited number of background samples, a statistical comparison could not be made between off-site
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and on-site concentrations of inorganics and other compounds. Concentrations of metals detected off-site
appear to be in the same general range as those detected on-site. Concentrations of arsenic, beryllium,
cobalt, manganese, and vanadium were actually higher in the background samples than in the on-site
samples. Dieldrin was also detected at a higher concentration in one of the background samples.

With the exception of the two background samples, analytical data are not available for off-site
surface soil in the areas adjacent to the site. The south end of the site is often flooded, and a possibility exists
that contaminants may migrate off-site to the farmland south of the site (which also experiences flooding).

Groundwater

A total of four rounds of monitoring well sampling were conducted at the GRL site between July
1995 and October 1996. The latest round of sampling, conducted during the summer of 1996, includes all
9 of the monitoring wells at the site. Analytical results from the latest sampling round reveal the presence
of 10 inorganic compounds, as well as volatile organic compounds acetone, benzene, 1,2-dichloroethene,
methyl-isobutyl ketone (MIBK), toluene, trichloroethene, and vinyl chloride. Bis(2-ethylhexyl)phthalate and
three phenolic compounds were also detected in one well. Of the detected compounds, only calcium, and
magnesium were detected in the well considered upgradient of the site. Previous rounds of groundwater
sampling (July and December, 1995) also detected the presence of methyl ethyl ketone, chlorobenzene, 1,1-
dichloroethene, ethylbenzene, 2-hexanone, methylene chloride, 4-methyl-2-pentanone, 1,1,2-
trichlorobenzene, di-n-butylphthalate, and several PAHs in groundwater at the site. One residential well
sample was collected at the Theis residence (located approximately 3,000 feet southwest of the landfill) by
the U.S. EPA FIT team during the screening site inspection in 1993. Site related contamination was not
detected in the well sample at that time; however, it should be noted that the well is hydraulically upgradient
of the site.

Stillwater River Sediment

Sediment samples were collected from the Stillwater River by U.S. EPA (one upstream and three
adjacent samples), OEPA (one upstream sample, one adjacent sample, and four downstream samples), and
the PRP contractor (one upstream, one adjacent sample , and three downstream samples).

Results of analysis indicates the presence of metals, polycyclic aromatic hydrocarbons (PAHs),
aldrin, Aroclor 1221, bis (2-ethylhexyl) phthalate, and methylene chloride in sediment upstream of the site.
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Samples collected-adjacent to the site were found to contain PAHs and metals. Downstream samples )
contained acetone, Aroclor 1221, PAHs, and metals.
Detected concentrations of acetone, Aroclor 1221, benzo(a)anthracene, bis(2-ethylhexyl)phthalate,
chrysene,Mﬂuoremwmhighahmmplesmofmcsheﬂmhadjacemanddowmmmsampls,
suggesting that an upgradient source of these compounds may exist.

Stillwater River
Surface water samples were not collected from the Stillwater River. A potential exists, however
thatVOCsdetectedinsedimemandgroundwaterarebeing released into surface water.

1

24 ‘ )



KJ5102_R1

3. HUMAN HEALTH EVALUATION

This section describes the general approach used to evaluate the potential risks to human health at
the GRL site. In accordance with U.S. EPA guidance for streamlined risk evaluation, a quantitative
evaluation was not performed for every potential exposure pathway and receptor possible at the site. The
focus of the quantitative evaluation is to assess potential risks to residual contamination in surface soils at the
site, and to evaluate potential risk to recreational users of the Stillwater River. Risks associated with
groundwater ingestion and fish consumption were evaluated by comparison of detected contaminant
concentrations o federal health-based criteria. Exposure to soil excavated and stockpiled on site during the
removal action was not assessed based on the assumption that the material will be treated or removed from
the site. Risks associated with surface water also were not evaluated in this assessment.

The human health portion of the SRE is organized using the general approach outlined in RAGS
Volume I. Section 3.1 reviews the data evaluation and selection of chemicals of potential concern (COPC)
for quantiative evaluation of on-site surface soils and sediment in the Stillwater River. Section 3.2 assesses
potential exposure of receptors to the COPC. Section 3.3 presents a qualitative comparison of chemicals
detected in groundwater and fish to health-based levels. Section 3.4 presents values used in the quantitative
exposure estimates. Toxicity assessments for the COPC at the site are presented in Section 3.5. Section
3.6 integrates the exposure and toxicity assessments from previous sections into an overall risk evaluation.
A discussion of uncertainties associated with the risk assessment is presented in Section 3.7.

3.1 Identification of Chemicals of Potential Concern
Chemicals of potential concern (COPC) for groundwater, soil, sediment, and fish were selected
based on a review of the existing data and site history, evaluation of the frequency and range of detection,
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distribution of media-specific chemical concentrations, and toxicity screening. The COPC selection process
and results are described below.

Data Collection, Evaluation, and Validation

The EE/CA sampling conducted by CRA consisted of one round of river sediment sampling, surface
and subsurface soil sampling, and monitoring well installation, and sampling. Surface soil data collected by
CRA from 8 soil borings and 4 monitoring well installation borings was used in the SRE to evaluate on-site
surface soil. Historical soil data collected by OEPA and U.S. EPA were not used for quantitative evaluation
because soil removal has occurred at the site since the collection of those samples, and the results are no
longer representative of site conditions. Sediment data collected by U.S. EPA, OEPA, and CRA were used
in the evaluation of sediment exposure. Fish samples collected by OEPA were also included in this
assessment.

Data evaluation qualifiers were reviewed in order to determine if the data are appropriate for use in
a quantitative risk evaluation. Data qualified as rejected (“R” qualifier) were not included in the SRE.
Results for one fish tissue sample were rejected based on quality control criteria. Data qualified as estimated
(“J") are considered acceptable for use in the risk evaluation. Bis(2-ethylhexyl)phthalate (a common
laboratory artifact) was detected in laboratory blank samples. Consequently, bis(2-ethylhexyl)phthalate
results with an associated “B” qualifier were considered to be lab artifacts if the concentrations were less than
10 times the blank concentration.

Evaluation of Frequency of Detection of Chemicals

Analytical data were segregated by environmental medium (i.e., surface soil and sediment) and
evaluated for frequency of detection of chemicals. The frequency of detection for a chemical is the number
of samples in which the chemical was positively detected divided by the total number of samples analyzed
for that chemical. Chemicals are generally eliminated as COPC if they were positively detected in less than
5% of the total number of samples analyzed (for sample sets of 20 or more). None of the chemicals detected
in groundwater, soil, and/or sediment samples collected from the site during the EE/CA support sampling
were detected at a frequency below 5% (due to the limited number of samples for each of the environmental
media) and, therefore, no detected chemicals were eliminated from consideration based on this criterion.
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Comparison to Background

Concentrations of inorganic compounds detected in on-site soil are normally compared to background
concentrations to determine if the concentrations detected on-site are similar to normal constituent
concentrations for the area. As stated in Section 2, the limited number of background samples collected at
the site are not sufficient to perform a statistical comparison; therefore, only a qualitative comparison can
be made to detected concentrations of chemicals detected off-site. Consequently, compounds detected in
surface soil were not eliminated from consideration in the SRE based on comparison to background.

For sediments, the mean concentrations of the upstream samples were used for a backgréund
comparison. If a chemical was not detected in one of the samples, one-half of the detection limit was used
for the determination of the mean. Concentrations of acetone, Aroclor 1221, benzo(a)anthracene, bis(2-
ethylhexylphthalate, chrysene, and fluorene were present in upstream samples at higher concentrations than
downstream samples. Arsenic was detected at similar levels in upstream samples. These compounds were
not excluded as COPC because they are also associated with on-site soils; however, the possibility exists that
another source of these contaminants exists upstream of the site, or, in the case of arsenic, that concentrations

detected adjacent to and downstream of the site are representative of local conditions.

Toxicity Screen

The next step in the COPC selection process was to compare the maximum concentrations of
chemicals detected in surface soil and sediment to a risk-based concentration (RBC) in order to eliminate
those chemicals from the quantitative risk evaluation that are unlikely to contribute significantly to overall
risks. The analytical data were compared to RBCs generated by U.S. EPA Region 9 (U.S. EPA 1996b) for
residential exposure to soil (via incidental ingestion). Although a residential exposure scenario is not
anticipated for the GRL site, RBCs based on a residential exposure scenario were used as a health-protective
screen. In general, chemicals classified as Group A or B carcinogens were not excluded based on toxicity
screening because cancer risks are assessed cumulatively. Certain inorganic compounds considered to be
essential nutrients, and/or toxic only at high concentrations were also excluded as COPC. Aluminum, iron,
calcium, magnesium, cobalt, copper, selenium, sodium, and zinc were excluded based on this criteria.
Tables 3-1 and 3-2 present the results of toxicity screening of COPC in soil and sediment with Risk Based
Concentrations developed using U.S. EPA, Region 9 guidance (U.S. EPA 1996b).
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3.1.2 Summary of Analytical Results and Chemicals of Potential Concern

COPC selected for surface soil and sediment are presented in Table 3-3. Based on the criteria
discussed above, chemicals selected as COPC in surface soil at the GRL site include metals (arsenic,
beryllium, lead, and mercury), PCBs (Aroclor 1248 and 1254), 7 PAH compounds, dieldrin, bis(2-
ethylhexyl)phthalate, methylene chloride, and trichloroethene. COPC selected for sediment include arsenic,
beryllium, lead, mercury, bis(2-ethylhexylphthalate, Aroclor 1221, and 3 PAH compounds. Chemicals
detected in groundwater and fish will be retained as COPC for the qualitative evaluation.

3.2  Exposure Assessment

This section evaluates the potential for human contact with the COPC selected for the site. The
routes, duration, frequency, and magnitude of these potential exposures are cstimated in this section.
mommmﬁmwdmwdforashegemmﬂydcpeMmmepopuhﬁommwnﬁauyemowdmmewpw
of land use at the site.

The exposure assessment includes the following steps:

. Characterization of the exposure setting;
U Identification of potential exposure pathways;
° Identification of potentially complete exposure pathways; and

2 Quantification of exposure.

~

The following subsections present the exposure assessment according to the above steps.

3.2.1 Characterization of the Exposure Setting
This section presents a brief description of the site setting as it relates to potential human exposure
to COPC identified at the site. Descriptions of the site and the nature and extent of contamination are
presented in Section 2 of this report. o
The site is located in a rural area of Miami County, Ohio. PRC (1993) estimated that 164 persons
reside within a one-mile radius of the site, and 3,938 persons reside within 2 miles of the site. Residences,
all having private water supply wells, are located within one quarter-mile northeast and southwest of the site.
These private wells are mostly developed in thin beds of shale and limestone bedrock. The residential well

34
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sampled during the FIT investigation draws water from sand and gravel at approximately 32 feet below
ground surface (BGS) (PRC 1993). Community wells for the City of Union are located along the west bank
of the river, approximately 2.5 miles south of the site. Farmiand surrounds the site to the south, west, and
across Garland Road to the north. A six-foot fence topped with barbed wire surrounds the site, except for
a section along the river. The entire site is located within the 100-year floodplain of the Stillwater River,
and the site is also located in the flood control easement of the Miami Conservancy District (Brandewie
1996). :
The Sti]lﬁater River (designated as a state scenic river) forms the eastern boundary of the GRL site,
and is approximately 200 feet wide and relatively shallow in the area of the site. Recreational fishing occurs
in the area of the site. The site topography slopes down from west to east towards the River. The center
of the site is sparsely vegetated due to the drum excavation activities. Most of the river bank is steep and
is heavily vegetated with trees and brush, except for a section where drums had been excavated from the
bank. The south end of the site is also heavily vegetated and slopes down to the southwest towards an
intermittent stream that runs through the adjacent field to the Stillwater River. Leaves and vegetation were
observed lodged in the top of the six-foot high fence in the low lying southeast corner of the site as the result
of flooding..

ThecﬁmaleofMiamiCmmiswnﬁmnmlandismarkedbywidemngeoftempem. Summers
are relatively warm and humid, with an average daily maximum temperature of 85 degrees Fahrenheit (°F)
in July, and an average daily minimum of 65°F. Winters are typically cold and cloudy, with an average daily
maximum of 37°F in January and an average daily minimum of 22 F. Precipitation also varies, but is
normally considerable and well-distributed throughout the year. The yearly precipitation average is
approximately 36 inches, with the lowest amount of rainfall occurring in the Fall months. The average last
spring freeze occurs on May 1st, and the average first Fall freeze occurs on October 15th (SCS 1978).

3.2.2 Potential Exposure Pathways

_ Figure 3-1 presents a schematic depiction of the conceptual model for the GRL site. Wastes
deposited at the site have contaminated surface and subsurface soils, and groundwater at the site by migration
of wastes to soil and subsequently to groundwater, and by direct contact with wastes and groundwater.
Wastes in groundwater may potentially migrate into, beneath, and parallel to the Stillwater River. Under
current conditions, persons trespassing at the site (hunters, teenagers) may be exposed to COPC in surface
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soil via incidental-ingestion, dermal contact, and inhalation of airborne dust or vapors. Off-site migration
of COPC in surface soil may occur to adjacent farmlands, and possibly be absorbed by food crops. Off-site
receptors may therefore be exposed to COPC in off-site soil by direct contact (i.e., ingestion and dermal
contact), inhalation, or food crop consumption. PeoplemingdxeStillwaterRiverforﬁshingorwadingmay
be exposed to COPC in sediment via dermal contact or incidental ingestion. Sport fishers and their families
may consume fish from the river that have bicaccumulated COPC from surface water, sediment or food chain
exposure. Although surface water data is not available, a possibility exists that COPC in sediment or
groundwater may be released to surface water. Exposure to COPC in surface water could occur by
incidental ingestion and dermal contact with water.

Mmandﬁmmoﬁ-snemndemamggroundwammmemmypownﬁambeexposedw
COPC via ingestion, dermal contact, and inhalation of vapors from groundwater; however, data is not
currently available to assess these potential pathways.

Intheﬁnure,thesitearucouldpotenﬁallybeusedasatecruﬁonam(e.g.,apark). If the site
is used as a recreation area, adults and children using the site may be exposed to COPC in soil via incidental
ingestion, inhalation of vapors or dust, and dermal contact. Exposures to recreational users of Stillwater
Riverareanﬁcipatedtoremainthesameasunderthecummscenaﬂo.

hismtanﬁcipawdthatﬂlesitewiub;medinmemasamidenﬁalpmpcrty. As stated earlier,
the site is located in the 100-year flood plain of the Stillwater River, and also is located in the Miami
Conservancy District flood control easement. lnaddiﬁon,wastsaresﬁllprmntinﬂlelandﬁll,maldngthe
land unstable for building construction.

3.2.3 Potentially Complete Exposure Pathways

The Stillwater River is utilized for canoeing and other recreational uses, U.S. EPA has observed
men wading onto the island on the Stillwater River adjacent to the site, and sport fishing has been observed
in the site area. The site is only partially fenced and trespassers could access the site by scaling the steep
riverbank in the unfenced area. U.S. EPA encountered a trespasser who was on site to hunt in the early
stages of the time-critical removal action. Evidence of game animals such as deer have also been found on-
site. Most containment alternatives that may be considered for the site would reduce the potential exposure
to game animals and subsequently to those that prey upon them. Therefore, consumption of game from the
site was not assessed in the SRE.

3-6




KJS102_R1

>

Otherevidenceofuupassinginchldedpilxofbeera.ndsoftdrinkcansatthcsomhendofthcsite
andmeapparemwwonbarbwiresn'andsonthctopagateatthesomhcrnendofthesite. On a site visit
during October 1996, asectionoffenceonﬂaesomhendofthesiteappwedtohavebeenpriedupatthe
south end of the site.

Although a future on-site residential scenario is not anticipated, ingestion of COPC in groundwater
at the site was qualitatively evaluated in the SRE in addition to the scenarios listed above by comparison of
detected concentrations in groundwater to health-based criteria. This Muaﬁon was conducted to evaluate
potential risks from consumption of groundwater from the site. Currently available information for off-site
wells is limited to one resldennal well located hydraulically upgradient of the site that is not impacted by
COPCs from the site.

The exposure pathways discussed above were further evaluated to determine which pathways were
most likely occurring and therefore potentially complete, and if analytical data are available to assess the
pathway. These pathways will be further evaluated in the SRE. Potentially complete pathways evaluated

in the SRE include:
( \ . Directcontactwiﬂxsed.imcmandﬂufacewaterintheSﬁnwatchiverbytecreationa.luscrs
Bl
/ of the Stillwater River and fish consumption by anglers and their families using the Stillwater
River for fishing.

. Direct contact (ingestion and dermal contact) with surface soil and inhalation of dust and
vapors by site trespassers.

. Direct contact with surface soil and inhalation of dust and vapors by future recreational users
of the site.

Off-site pathways identified as potentially complete were not assessed (with the exception of
Stillwater river sediment) due to lack of analytical data. '

33 Qualitative Evaluation of Groundwater and Fish Data
Groundwater and fish data were compared to federal health-based criteria established for drinking
water and fish consumption in order to determine if potential risks exist for users of groundwater, and
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recreational fishers using the Stillwater River in the vicinity of the site. Toxicity profiles of the chemicals
of concern identified in groundwater and fish are presented in Section 3.5. A discussion of potential risks
posed by the chemicals of concern in groundwater and fish is included in Section 3.6. Uncertainties
associated with the potential risks are discussed in Section 3.7.

Groundwater ‘

'I‘helamtronmdofgroundwaterdatacollectedbyCRAwerecomparedtoMaximumConnmina.nt
Levels (MCLs), non-zero Maximum Contaminant Level Goals (MCLGs), or other health-based criteria in
oMmmpMﬂmpMmahymmmemhgmmdwwﬁomthesheasasource
of drinking water. The results of the comparison and chemicals of concern for groundwater from the
September 1996 sampling event are presented in Table 3-4.

As shown in the table, conceatrations of 1,2~dichloroethene, trichloroethene (TCE), vinyl chloride,
and bis(2-ethylhexyl)phthalate exceed their respective MCLs. The highest detected concentration of 1,2-
dichloroethene (total) is greater than 10 times the MCL for cis-1,2-dichloroethene, and more than 9 times
greater than the MCL for trans-1,2-dichloroethene (an MCL is not listed for total 1,2-dichloroethene). The

highest detected concentration of TCE is 10 times higher than the MCL. For vinyl chloride, the lowest -

detected concentration is 10 times the MCL, and the maximum detected value is 60 times higher than the
MCL. '

Benzene was not detected in the latest round of samples at concentrations above the MCL; however,
it should be noted that the sample quantitation limits for non-detects ranged from one to ten times the MCL.
Benzene was detected in well S-3 at 5.01 g/l in the December 1995 sampling, which is slightly above the
MCL of 5 ug/l. Although not detected in the latest round of sampling, 1,1-dichloroethene (in wells S4, S-5,
D-1, and D-2) and 4-methyl-2-pentanone (well S-5) were detected in the July and December 1995 sampling
events at concentrations above MCLs (5 g/l and 160 rg/l, respectively). Benzo(a)pyrene was also detected

" in well S-5 during the July 1995 sampling at a concentration of 7.6 J rg/l, which is above the MCL of 0.2
#g/l. MCLs have not been promulgated for the other PAH compounds detected.

Fish

Fish samples were collected by OEPA from locations upstream, adjacent to, and downstream from
the site (see Figure 2-4). Information on fish exposure time in the area of concern was not provided. Results
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of analysis of fish tissue were evaluated to assess potential food chain exposure to recreational fishers in the
area. Mercury and several pesticides were detected in fish collected upstream, adjacent to, and downstream
of the site. Given that the site is adjacent to farmland, and pesticides were detected in fish samples upstream,
downstream, and adjacent to the site, pesticides detected in fish samples are believed to be associated with
surface runoff from area farmlands to the Stillwater River, and are not considered attributable to the site.
PCBs were not detected in any of the fish samples; however, E & E performed a screening calculation, using
standard exposure parameters for recreational fish consumption, and the detection limit for Aroclor 1254 as
the exposure point concentration in fish tissue in order to assess the adequacy of the detection limits for PCBs
in fish. The results of the screening (presented in Table 3-5) show that adverse health effects are possible
from consumption of fish containing PCBs at the detection limit by recreational fishermen and their families.
Consequently, the detection limit for PCBs in fish tissue are not completely adequate for use in a quantitative
risk assessment.

Mercury was detected in 16 of 17 fish samples collected from the Stillwater River. Mercury
concentrations detected in fish fillets were compared to the FDA maximum level of methyl mercury in edible
portions of seafood products (ATSDR 1994). Although the form of mercury (i.e., inorganic, or organic)
detected in fish tissue was not reported, studies indicate that methyl mercury constitutes over 99% of the total
mercury detected in fish muscle tissue (ATSDR 1994). One sample (channel catfish collected upstream at
River Mile 23.4) contained mercury at 1.04 mg/kg, slightly above the FDA maximum level of 1 part per
million (ppm). This sample was collected approximately 7 miles upstream of the site, and the mercury
concentrations detected in the ﬁshtissuecangotbe attributed to the site.

34 Quantification of Exposure
This section describes the rationale used to determine quantitative exposure estimates. First, the
methodology for deriving exposure point concentrations is presented. Secondly, the exposure estimation

equations are presented along with the rationale for the selection of input parameters for the equations.

Exposure Point Calculations ,
The exposure media of concern for quantitative evaluation in this SRE are surface soil and sediment.
Exposure point concentrations (EPCs) for surface soil and sediment were estimated directly from measured

concentrations. The EPCs for surface soil were based on the maximum detected concentrations from 12
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surface soil samples collected during the EE/CA support sampling. The EPCs for COPC in sediment were
based on maximum detected values for 7 sediment samples for inorganics (12 for lead and 9 for mercury), 4
samples for volatile organics, and 12 samples for semivolatile organics collected by OEPA, U.S. EPA, and
CRA. Maximum detected values were used due to the limited number of samples for each medium (small
sample sets with few detections often lead to poor estimates of the 95% upper confidence level of the mean).
The EPCs determined for COPC at the GRL site are presented in Table 3-6.

Exposure Estimation Methods
The exposure estimates described in this section combine the following:

. Estimates of exposure media contaminant concentrations developed in the previous
section;

. Estimates of contact rate and frequency and duration of exposure that receptor
populations are likely to experience; and

. Estimates of various physiological parameters (e.g., body weight and average life
expectancy).

The equations used to estimate the exposure for each pathway and route of exposure evaluated in this
SRE are presented in Tables 3-7 through 3-16. The parameter values used in the equations and the rationale
for their selection are also provided.

The exposure scenarios quantitatively evaluated in the SRE are direct contact with soil and inhalation
of vapors and dust for site trespassers and future recreational users of the site, and direct contact exposure to
sediment for current recreational users. Exposure to surface Wwater, was not evaluated due to the lack of actual
chemical data. Uncertainties associated with the exclusion of the surface water exposure pathways will be
discussed in Section 3.7.

Site trespassers are most likely a subset of the local adolescent population. The site is partially fenced
and likely not a focal point for local recreational activities. However, open areas do exist which could attract
adolescents and evidence of trespassing has been observed at the site. ‘

Parameter values were selected to correspond to a reasonable maximum exposure M) that an
individual in the receptor group might experience. In some cases standard default exposure factors from U.S.
EPA's Supplemental Guidance: Standard Default Exposure Factors (U.S. EPA 1991a) or other U.S. EPA
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guidance were used. Exposure factors not specified in guidance documents were based on professional
judgment. A description of the parameters used in the exposure estimation is presented below. For the first
exposure route, all of the parameters will be described and discussed in the text; for the subsequent routes only
the key parameters for that route not previously mentioned will be discussed.

Pathway 1: Incidental Ingestion of Soil and Sediment
Ingestion Rate of Soil ¢

The ingestion rate (IR) is the amount of soil a person might incidentally ingest through hand-to-mouth
contact. The default value for age groups beyond 6 years old (100 mg/day) was used to assess adolescents
between 8 and 16 years of age and adults (U.S. EPA 1991a). For children, the default value of 200 mg/day
was used. '

Fraction of Soil Ingested From the Contaminated Source (FI)

The FI is the estimated proportion of total soil ingested from the contaminated source. No default
exposure factors exist for this variable. U.S. EPA (1991a) recommends that estimates of FI be made on site-
specific information, or, in the absence of specific information, best professional judgment. For this
assessment, E & E assumed that all of the soil ingested was from the contaminated source.

Exposure Frequency

'Far site trespassers, an exposure frequency (EF) of 48 days was used based on the assumption that
adolescents visit the site two times per week during the summer months and once per week during the six
nonwinter months when school is in session. For children exposed to the Stillwater River sediments, an
exposure frequency of 72 days per year was used (4 days per week during Summer months and 2 days per
week during the Spring and Fall months). Adults were assumed to frequent the site for 48 days per year (2
days per week during the non-winter months).

Exposure Duration

The exposure duration (ED) is the total number of years in which the exposure is expected to occur.
An ED of 8 years was used in the exposure estimate to correspond to the age range assumed for a site
trespasser (i.e., 8 to 16 years). The ED of 6 years for children corresponds to the duration of the childhood (0
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to 6 years). An ED of 24 years for adults, corresponds to the adult portion of the 90* percentile amount of time
spent living at one residence.

Body Weight

The body weight (BW) is the average body weight over the exposure period. An average body weight
of 42 kilograms (kg) for young adult males (ages 8 to 16) was determined by averaging the mean body weights
reported for those age groups (U.S. EPA 1989a). For current and future children and adults, the average body
weights for children aged 1-6, and adults (15 kg and 70 kg, respectively) were used.

' Averaging Time

The averaging time (AT) selected is dependent on the type of toxic effect being assessed. For chronic
and subchronic noncarcinogenic effects, the AT is equal to the ED. For carcinogenic effects, the exposure is
averaged over a lifetime (estimated 70 years) (U.S. EPA 1989a).

Pathway 2: Dermal Contact with Soil and Sediment
Absorption Factor '

The absorption factor (ABS) is the rate of absorption of a chemical through the skin from the
environmental medjum. Limited data are available to assess this variable. An ABS of 1% was assumed for
metals and 10% for organic compounds. A value of 6% was used for the ABS for PCBs (U.S. EPA 1992).

Soil to Skin Adherence Factor

The soil to skin adherence factor (AF) is the fraction of soil that will adhere to the skin surface
following contact. The default upper-bound value of 1 milligram per square centimeter (mglcmz) per event
(U.S. EPA 1992) was used as a health-protective estimate.

Skin Surface Area
For trespassers, the skin surface area (SA) available for contact was assumed to be 3,313 cm? per event.
This assumes that 25% of the total skin area (head, hands, arms, and lower legs) of an average adolescent (age

8 to 16) will be exposed to soil or sediment (U.S. EPA 1992). The assumption that 25% of the total skin area

would be available for contact with sediment was also used for children and adults to derive SA values of 1,750
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and 5,000 cm?, respectively.

Pathway 3: Inhalation of Vapors and Particulates
Inhalation Rate . '

The inhalation rate (IR,,) of 20 m*/day is the default respiration rate for moderate to heavy outdoor
activity (U.S. EPA 1991a).

Particulate Emission Factor

The particulate emission factor (PEF) relates the COPC concentration in soil with the concentratioh
of respirable particles in the air due to fugitive dust emissions from sites with surface contamination (U.S. EPA
1991b). The equation and input parameters used in the calculation of the PEF are shown in Attachment B.

Volatilization Factor

The volatilization factor (VF) is a chemical-specific value used to define the relationship between
concentrations of volatile COPC in soil and volatilized COPC in air (U.S. EPA 1991b). The equation and input
parameters used in the calculation of the VF are shown in Attachment B.

‘ Exposure Frequency

Because inhalation rates are expressed as cubic meters per day, the EF for inhalation exposures, was
adjusted for the anticipated number of hours per day spent on site. A site trespasser was assumed to spend a
maximum of 4 hours per day on site (16% of a 24-hour day). Children and adults under a future on-site
recreational use scenario were assumed to spend up to 6 hours on site per visit (25% of a 24-hour day). The
resulting proportions were multiplied by the EF assumed for each receptor to determine an equivalent number
of days on site for inhalation exposure.

Exposure Estimates ‘

The exposure estimates derived using the input parameters described above are given as lifetime
average daily intakes (LADISs) for carcinogenic effects and as chronic daily intakes (CDIs) for noncarcinogenic
effects for each expdsure case. The exposure estimates are combined with toxicity estimates for the COPC
discussed in Section 3.5 to obtain risk estimates.
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3.5. Toxicity Assessment

The purpose of the toxicity assessment is to review toxicity and carcinogenicity data for the COPC,
and to provide an estimate of the relationship between the extent of exposure to these contaminants and the
likelihood and/or severity of adverse effects. The toxicity assessment is accomplished in two steps: hazard
identification and dose-response assessment.

The hazard identification is a qualitative description of the potential toxic effects of the COPC. The
toxicological profiles presented in the following section describe the toxic effects that have been observed in
humans and/or animals following exposune to the COPC identified at the GRL site.

The dose-response evaluation is a process that results in a quantitative estimate or index of toxicity
for each COPC at the site. For carcinogenic effects, the index is the slope factor (SF), and for noncarcinogenic
effects, it is the reference dose (RfD). Practices and procedures used to develop quantitative indices of toxicity
and to incorporate toxicological information into the risk estimation process, and the quantitative indices of
toxicity are presented in Section 3.5.2.

3.5.1. Health Effects Summaries

The health effects summaries describe the potential toxic properties of the COPC at the GRL site. For
carcinogens, the weight-of-evidence category is also included (see Table 3-17 fora description of the U.S. EPA
weight-of-evidence categories). In most cases, the information in the summaries has been drawn from the
Public Health Statement in the Agency for Toxic Substances and Disease Registry's (ATSDR's) toxicological
profile for the chemical.

Arsenic

Arsenic is a naturally occurring element and is usually found combined with one or more elements,
such as oxygen, chlorine, or sulfur. This element is widely distributed in the environment from natural
sources, but higher concentrations have been found to occur in association with chemical waste, smelting of
copper and other metals, fossil fuel combustion, and pesticide use. The primary use of arsenic is as a wood
preservative, but it is also used to make insect and weed killers and pharmaceutical.

All people are exposed to low levels of arsenic because it is naturally occurring, and low levels are

present in food, water, soil, and air. Workers in several industries (nonferrous smelting, wood preservation,
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arsenical pesticides) may be exposed to significantly higher levels. Arsenic has been recognized as a human
poison since ancient times. Large oral doses are lethal. Chronic arsenic overexposure may cause many
adverse health effects including body wéight changes, changes in blood, and liver and kidney damage. The
critical or most sensitive effects, based on chronic oral exposure to humans, are hyper-pigmentation, keratosis,
and possible vascular complications.

Arsenic is considered a Group A human carcinogen by U.S. EPA. Epidemiological studies and case
reports have found evidence that arsenic exposurc is associated with increased risk of cancer of the skin, lungs,
bladder, and kidneys. Workers exposed by the inhalation pathway demonstrate an increased risk of lung
cancer. Oral exposure leads to an increased risk of skin cancer.

Beryllium

Pure beryllium is a hard gray metal. In nature it occurs as a chemical component of certain rocks. The
minerals bertrandite and beryl are mined commercially for the recovery of beryllium.

Most beryllium ore mined is processed into pure metal, alloys, or beryllium oxide. Beryllium metal

and alloys are used in electronics, aircraft and space craft structures, X-ray machines, nuclear weapons, and

nuclear reactors. Beryllium oxide is used in the manufacture of specialty ceramics.
Although beryllium is released into the air by natural sources such as volcanic dust, the major emission

source to the environment is the burning of fossil fuels. Beryllium compounds are naturally present in soils,

but deposition of atmospheric beryllium and disposal of beryllium-containing wastes can increase the levels
in localized areas. The general population is exposed to low levels of beryllium in air, food, and water.
Beryllium occurs naturally in tobacco and can be inhaled in cigarette smoke.

Industrial workers have the highest exposure to beryllium in the mining, milling, and processing of
beryllium to alloys or beryllium oxide. In general, the primary route of exposure to beryllium is inhalation,
since relatively little beryllium is absorbed from the GI tract or through the skin.

The respiratory tract is the major target of inhalation exposure to beryllium. Short-term exposure can
produce lung inflammation and pneumonia-like symptoms. Long-term exposure can cause berylliosis, an
immune reaction characterized by noncancerous growths on the lungs. Similar growths can appear on the skin
of sensitive individuals exposed by dermal contact.

Epidemiological studies have found that an increased risk of lung cancer may result from exposure
to beryllium in industrial settings. In addition, laboratory studies have shown that breathing beryllium causes
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lung cancer in animals. However, it is not clear what cancer risk, if any, is associated with ingestion of
beryllium. .

EPA has classified beryllium as a Group B2 probable human carcinogen based on limited human
evidence and the animal data.

Bis(2-ethylhexyl)phthalate (BEHP, DEHP)

DEHP is a man-made liquid widely used to make plastics more flexible. Plastics may contain up to
40% DEHP and may be used in a variety of consumer products including food packaging material, rainwear,
upholstery, and shower curtains. DEHP does not evaporate easily and does not dissolve easily in water. DEHP
has been found in groundwater near waste landfills, but when DEHP is released to soil it usually does not
migrate far from where it was released. o

DEHP can enter the body following exposure by breathing air or eating food or water that contain
DEHP. The most likely route of human exposure is through food. DEHP leaches into foods from plastics used
in food processing and storage. .

Most of what is known about the health effects of DEHP comes from studies of laboratory mice and
rats. The very low levels to which humans may be routinely exposed have not been shown to cause adverse
effects; hoWever, liver disease and reproductive effects have been associated with DEHP exposure to
laboratory animals. ’

_DEHP has been shown to cause liver cancer in rats and mice. However, because there have been no
studies of the carcinogenic effects of DEHP in humans, DEHP is classified as a Group B2 probable human

carcinogen.

1,2-Dichloroethene (1,2-DCE)

1,2-DCE is a man-made flammable liquid with a sharp, harsh odor. 1,2-DCE is primarily used in the
production of solvents and as an additive to dyes, lacquer solutions, perfumes, and thermoplastics. There are
two forms of 1,2-DCE; cis-1,2-DCE, and trans-1,2-DCE, which may occur separately or as a mixture.

In the environment, 1,2-DCE evaporates rapidly. When 1,2-DCE is released to either surface soil or
surface water, almost all of the chemical will evaporate into air. When 1,2-DCE occurs in the subsurface, such
as in landfills and chemical waste sites, it can dissolve in water and migrate into groundwater. In groundwater,
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1,2-DCE breaks down to vinyl chloride, which ultimately breaks down to water, carbon dioxide, and chloride
ions. Vinyl chloride, the initial breakdown product, is more toxic than 1,2-DCE.

1,2-DCE can enter the body by drinking water, eating food, or breathing air that contains 1,2-DCE.
Because 1,2-DCE evaporates readily, inhalation is the most likely route of human exposure. Inhalation of high
levels of 1,2-DCE can cause nausea, drowsiness, dizziness, and may result in death. Liver, heart, and lung
damage were observed in laboratory animals after short or long term exposure to 1,2-DCE in air. Liver and
lung damage was reported in animals fed 1,2-DCE. Death can also occur in animals fed large amounts of 1,2-
DCE. Changes in blood chemistry are the critical or most sensitive effect and serves as the basis for the RfD
used in the SRE. '

The long term health effects resulting from exposure to 1,2-DCE are not known. Increased risk of
cancer has not been reported in humans or animals exposed to 1,2-DCE. '

Dieldrin

Dieldrin was used extensively as an agricultural pesticide for over 20 years until the United States
Department of Agriculture (USDA) suspended its use in 1970. The use of Dieldrin to control termites
continued until 1987, when the manufacturer voluntarily canceled the registration.

Dieldrin persists in the environment and can be found tightly bound to soils and sediment. It is not
expected to leach to groundwater. Plants can take up dieldrin from soil, and fish and livestock can accumulate
high concentrations through the food chain. In animals, dieldrin accumulates in fat. Dieldrin can be absorbed
into the body through skin contact, ingestion, and inhalation. The most likely route of human exposure to
dieldrin is through eating contaminated food. Foods most likely to be contaminated include fish, shellfish, root
crops, meat, and dairy products.

Human poisoning from dieldrin is characterized by major involuntary muscle convulsions or kidney
damage that can be fatal. Other effects include_ lack of coordination, headache, dizziness, and gastrointestinal

 disturbances.

Animal studies show effects of dieldrin on the nervous system and kidneys to be similar to the effects
in humans. In addition, exposure to dieldrin has resulted in increases in liver enzymes and liver weight,
decreased immune response, and high mortality in nursing rat pups. Liver damage is the critical or most
sensitive effect in animals according to U.S. EPA. It is unknown whether exposed humans have similar health
effects.
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Dieldrin is a carcinogen to mice, with the liver being the site of increased tumor incidence. However, )
it is not known if dieldrin is a human carcinogen. Dieldrin is classified as Group B2, probable human
carcinogen, by U.S. EPA. '

Lead

Lead is a naturally occurring metal that is used in the manufacture of storage batteries and the
production of ammunition and miscellaneous metal products (e.g., sheet lead, solder, and pipes). Other uses
for lead are in the manufacturing of lead compounds including gasoline additives and pigments. In recent
years, the quantity of lead used in paints, gasoline additives, ammunition, and solder has been reduced due to
its toxic effects.

Lead can enter the body via ingestion and inhalation. Although it may also enter the body through the
skin, dermal absorption of inorganic lead compounds is less significant than absorption through other routes.
Children appear to be the segment of the population at greatest risk from toxic effects of lead. Children absorb
about 50% of ingested lead whereas adults absorb only 5% to 15%. Initially, lead travels in the blood to the
soft tissues (heart, liver, kidney, brain, etc.), and then gradually redistributes to the bones and teeth where it
tends to remain. Children retain a larger fraction of the absorbed lead, about 57%, in the blood and soft tissue
compartments whereas in adults roughly 95% of the total body burden of lead is found in bones and teeth.

The most serious effects associated with markedly elevated blood lead levels include neurotoxic effects
such as irreversible brain damage. Health effects are the same for inhaled and ingested lead. At blood lead
levels of 40 to 100 micrograms per deciliter (j1g/dL), children have exhibited nerve damage, permanent mental
retardation, colic, anemia, brain damage, and death Chronic kidney disease is also evident at these levels.
For most adults, such damage does not occur until blood lead levels exceed 100 pg/dL to 120 pg/dL. At these
levels, damage to the male reproductive system; miscarriages; anemia; severe digestive system symptoms;
decreased reaction time; weakness in fingers, wrists, or ankles; and some increased risk of heart and circulatory
system disease may be exhibited. Pregnant women are at increased risk from exposure to lead because of the
inherent susceptibility of the fetus from transplacental transfer of maternal lead.

None of the epidemiology studies conducted to explore the relationship between lead exposure and
increased cancer risk in humans found any relationship. However, animal studies have shown increased kidney
- cancer and central nervous system (CNS) cancer in rats and mice orally exposed to lead. U.S. EPA has

classified lead as Group B2, probable human carcinogen.
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Mercury

Mercury is a naturally occurring element that exists in three oxidation states - metallic mercury (Hg°),
mercurous xhercury (Hg,**), and mercuric mercury (Hg'* ) and a variety of ¢hemical forms. The most
important with respect to human exposure are compounds of methyl mercury, mercuric mercury, and
elemental mercury vapor.

Uptake of inorganic mercury and methyl mercury compounds is primarily through ingestion, with
the major source of human exposure to methyl mercury being through the éonsumption of fish and shellfish.
Mercury can also readily enter the body through inhalation of mercury vapor.

All forms of mercury, once absorbed, are distributed to tissues throughout the body via the
bloodstream. The critical, or most sensitive effect of inorganic mercury is kidney damage and CNS damage.
Long-term exposure to all forms of mercury can permanently damage the brain, kidneys, and developing
fetus. The form of mercury and route of exposure determine which health effects will be most severe.
Mercury vapor and methyl mercury readily cross the blood-brain and placental barriers.

Prenatallifeisveryscmitivetomethylmcrcurypoisoning,witheffectsininfa.ntsrangingfrom

- slowed mental and coordination development to a severe from of cerebral palsy. To date, these effects have

been found to be irreversible. Depending upon the form, level of mercury taken in, and duration of

. exposure, effects on the adult nervous system can range from reversible feeling of burning, or pins and

needles, and feeling “out of sorts™; to irreversible brain damage leading to permanent tremors and shakiness,
and constriction of the visual field. Mercury has not been found to be carcinogenic in humans.

Methylene Chloride (MC)

MC isaman—madeliquidchcnﬁcalthatiswidelyusedasanindustrialsolventandasapaimsuipper.
Because MC evaporates easily, most MC released into the environment will end up in the air, where it is
broken down by sunlight. - MC released to water or soil tends to volatilize to air, but may migrate to
groundwater. MC is formed during water chlorination, and small amounts of MC may be found in public
drinking water supplies.

Absorption into the body occurs readily following exposure by breathing vapors or accidental
ingestion. Occupational exposure to MC in air has resulted in drowsiness, fatigue, lack of appetite, and light-
headedness. Other effects include impaired reaction time and coordination, numbness or tingling of fingers
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and toes, and intoxication. The critical, or most sensitive effect of MC exposure is liver damage observed
in rats exposed to MC. ‘

Chronic exposure of laboratory animals to high concentrations of MC by inhalation resulted in an
increased incidence of liver and lung cancer in mice and rats. MC has not been shown to cause cancer in
occupationally exposed humans. Based on the results from animal studies, MC is classified as a Group B2
probable human carcinogen. Uncertainties remain regarding the pharmacokinetics, pharmacodynamics, and
mechanisms of carcinogenicity for MC.

Polychlorinated Biphenyls (PCBs)

PCB:s are a class of compounds with varying degrees of chlorine substitution on two phenyl rings
joined by a single bond between the 1 and 1' positions. Because of their thermal stability and resistance, low
water solubility, and favorable dielectric properties, PCBs were widely used in hydraulic fluids, compressor
lubricants, heat transfer fluids, paints, lacquers, and ink (U.S. EPA 1987a).

Commercial PCB products consist of various complex mixtures of many of the 209 possible individual
PCB isomers and congeners and have been marketed under trade names that vary with manufacturer and

country of origin. The term "Aroclor” is the trade name of a series of PCB products formerly manufactured

by Monsanto in the United States. The various Aroclor products were identified by a four-digit number. The
first two digits identified the type of compound and the last two digits indicated the average weight percentage
of chlorine. The only exception is Aroclor 1016, which retained the 1016 designation by which it was known
during development. The chlorine percentage in Aroclor 1016 is similar to that of Aroclor 1242.

The uptake, distribution, metabolism, excretion, and toxicity of the individual congeners are all
affected to a greater or lesser degree by the number and position of chlorine substituents on the biphenyl
molecule. In general, a greater degree of chlorination increases absorption, favors deposition in the body's
lipid stores, and slows metabolism and excretion. Higher chiorinated biphenyls with chlorine substituents in
the para- (4,4) and at least two meta- (3,3, 5,5') positions on the biphenyl nucleus, but lacking substituents
in the ortho- (2,2', 6,6') positions (i.e. the "coplanar" PCBs), tend to be the most toxic. This group of congeners
has been shown to bind specifically to the AH receptor protein (which also binds dioxin) and to mimic many
of the toxic effects of dioxin. '

PCB mixtures released to the environment change through partitioning, transformation, and

bioaccumulation and differ considerably from commercial mixtures. Environmental mixtures are often
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characterized as Aroclors. This can lead to qualitative and quantitative errors when interpreting gas
chromatography/mass spectrometry (GC/MS) results. For environmentally altered mixtures, an absence of
the characteristic Aroclor patterns can suggest the absence of Aroclors, even if some PCB congeners are
present at high concentrations (U.S. EPA 1996c).

The liver is the target organ most frequently associated with the toxic effects of PCBs. Hepatic effects
have been seen in rats, mice, guinea pigs, rabbits, dogs, and monkeys. The toxic manifestations typically
include liver enlargement, fat deposition, enzyme induction, and tissue necrosis. Hepatic effects, including
liver enlargement and increases in hepatic enzyme levels, have also been reported in humans océupationally
exposed to PCBs (Maroni et al. 1981a, b; Fishbein 1985; Alvares et al. 1977).

Exposure to PCBs both by dermal contact and by oral exposure has led to skin lesions in animals.

Exudative lesions have been seen in rats, and monkeys exhibit chloracne-like lesions (U.S. EPA 1988a).
Various skin lesions, including rashes, burning sensations, acne, hyper-pigmentation of the skin, and other
manifestations, have been seen in humans occupationally exposed to PCBs, and in victims of two accidental
poisoning episodes in which PCBs were ingested (U.S. EPA 1988a).
' Developmental effects have also been reported in humans following PCB exposures. In a series of
studies (Fein et al. 1984a, 1984b; Jacobson ef al. 1990a, 1990b), neuro-developmental effects were reported
in children of women who consumed PCB-contaminated fish from Lake Michigan before and during
pregnancy. Intrauterine exposure was associated with lower birth weight, deficits in visual recognition
memory in infancy, and short-term memory deficits at age 4. Exposure to PCBs in breast milk was associated
with reduced activity levels at age 4. As often occurs in epidemiological studies, methodologies including the
validity of the exposure assessment, selection of the exposed and control samples, and comparability of the
exposed and control samples have been criticized (Paneth 1991).

PCB exposure has resulted in decreased reproductive success and reproductive failure in mink,
monkeys, and rats. Few studies on reproductive effects in humans have been conducted; however, the weight
of evidence from animal studies suggests that PCBs cause adverse reproductive effects in humans.

A number of studies have found PCBs (specifically Aroclor 1260 and 1254, and Clophen A-30 and

- Clophen A-60) to be carcinogenic in rats and mice. In the animal studies, the carcinogenic effects were much

more pronounced in females exposed to PCBs with higher levels of chlorination (Aroclor 1254 and 1260).
~ The possible carcinogenicity of PCBs in humans has been investigated in several epidemiological
studies of individuals occupationally exposed to PCBs in the capacitor and electrical equipment manufacturing
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industries (Brown and Jones 1981; Brown 1986; Bertazzi e al. 1987; and Gustavsson, Hogstedt, and Rappe
1986) and in individuals who accidentally ingested PCBs in Japan (Yusho incident) (Kuratsune ef al, 1987).
To date, the occupational studies have not shown a consistent tumorigenic effect due to PCB exposures. A
statistically significant increase in liver cancers was found in victims of the Yusho incident, but only among
individuals living in one prefecture. The PCBs ingested by these individuals also contained polychlorinated _
dibenzofurans (PCDFs) and polychlorinated quatraphenyls, which also could have been responsible for or
contributed to the effects. The Yusho results are therefore inconclusive. .

EPA's Carcinogen Assessment Group has classified PCBs in weight-of-evidence group B2: probable
human carcinogen based on sufficient evidence in animals and insufficient evidence in humans.

Polynuclear Aromatic Hydrocarbons (PAHs)

PAHs contain only carbon and hydrogen and consist of two or more fused benzene rings in linear,
angular, or cluster arrangements. PAHs are formed during the incomplete burning of fossil fuel, garbage, or
any organic matter PAHs produced by burning may be carried into the air on dust particles and distributed
into water and soil. In general, PAHs do not evaporate easily, and do not dissolve in water.

Exposure to PAHs may occur by inhaling airborne particles, drinking water, or accidentally ingesting
soil or dust containing PAHs. In addition, smoking tobacco or eating charcoal-broiled food are common routes
of exposure to PAHs. :

Some PAHs are known carcinogens, and potential health effects caused by PAHs are usually discussed
in terms of an individual PAH compound’s carcinogenic or noncarcinogenic effects. Little attention has been
paid to non-cancer effects of PAHs. Rapidly growing tissues, such as the intestinal lining, bone marrow,
lymphoid organs, blood cells, and testes seem to be especially susceptible targets to non-cancer effects.
Concentrations of 150 mg/kg or more administered to laboratory animals have been shown to inhibit body
growth.

Exposure to benzo(a)pyrene (B(a)P) and other carcinogenic PAHs can cause cancer at the point of
exposure. However, only B(a)P has been assigned a slope factor (SF) by U.S. EPA. In the past, other group
B2 carcinogenic PAHs were assumed to be equipotent to B(a)P; however, it has been shown in animal studies
that some are less carcinogenic than B(a)P. U.S. EPA has adopted relative potency factors (RPFs) that account
for differences in the carcinogenic potencies of individual PAHs relative to that of B(a)P (U.S. EPA 1993c).
The RPFs are to be used only for the oral route of exposure. In this SRE, the oral SF for each carciriogenic
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PAH has been estimated by multiplying the oral SF for B(a)P by the compound-specific RPF.

Animals exposed to high levels of B(a)P in air develop lung tumors; when exposed via the dietary
route they develop stomach tumors; and when B(a)P is painted on skin, animals develop skin tumors.
Although RfDs and SFs for dermal exposure to many chemicals are routinely extrapolated from oral route
values, it is inappropriate to use the oral SF for B(a)P to evaluate carcinogenic risks from dermal exposure
because direct dermal exposure to B(a)P can cause skin cancer at the point of contact.

Trichloroethene (TCE)

TCE is a man-made chemical widely used as a cleaning agent and solvent for degreasing obemtions.
Most TCE released into surface water or surficial soil will rapidly evaporate into the air. In the subsurface,
TCE is moderately to highly mobile and can migrate to groundwater. TCE biodegrades very slowly in
subsurface soils and groundwater. Microbial degradation products include dichloroethylene and vinyl chloride.

Humans are most likely to be exposed to TCE in air. TCE also may occur in dnnkmgwatersupphes
and consumer products including metal cleaners, spot removers, rug cleaning fluids, paints, and paint
removers. TCE may cause adverse health effects following exposure via inhalation, ingestion, or skin or eye
contact. Exposure to high levels of TCE can cause central nervous system effects including drowsiness,

~ dizziness, headache, blurred vision, lack of coordination, mental confusion, flushed skin, tremors, nausea,

vomiting, fatigue, irregular heartbeat, and, in some cases, death. In the past, TCE was used as an anesthetic,
but that use was discontinued when it was found to cause irregular heartbeats. Chronic exposure to TCE can
cause liver damage and skin reactions, as well as central nervous system effects.

| Exposure of laboratory animals to TCE has been associated with an increased incidence of a variety
of tumors, including kidney, liver, and lung cancers. However, it is uncertain whether people exposed to TCE
have a higher risk of cancer. TCE is considered a Group B2 probable human carcinogen.

Vinyl Chloride (VC) .

VC, which is a gas or pressurized liquid at ambient temperature, is primarily used in the chemical
ma.nufacttmng industry in the production of polymeric chemicals that are in turn used to manufacture a variety
of plastic products. In addition, VC is a known degradation product of many chlorinated solvents mcludmg
tetra-, tri-, and dichloro-ethenes. Most of the VC in the environment comes from the plastic industry’s releases
to air or water. In surface water or surface soil, VC evaporates readily. Once in the air, VC breaks down

3-23



KJS102_R1

rapidly to nonhazardous chemicals. VC can dissolve in water and migrate to groundwater Once in the
groundwater, VC can persist for many years.

People are most likely to be exposed to VC in the air, although it is also possible to be exposed to VC
in drinking water. Levels of VC have not been detected in background air samples, but it has been detected
in the air near some plastics factories, landfills, and chemical waste sites. VC has also been detected in tobacco
smoke.

VC may cause adverse health effects féilowing exposure by inhalation, ingestion, or dermal or eye
contact. VC inhalation can cause dizziness or sleepiness. Breathing very high levels of VC can cause
unconsciousness and in some cases, death. On skin, exposure to liquid VC can cause burns. Non cancer
effects associated with long-term occupational VC exposure include hepatitis-like changes in the liver, immune
reactions, and nerve damage. '

VC has been shown to cause liver and lung cancer in rats, and liver cancer in workers occupationally
exposed to air concentrations in the range of 25 parts per million (ppm) to greater than 200 ppm. Based on
this evidence, U.S. EPA has classified VC as a Group A human carcinogen.

3.52 Quantitative Indices of Toxicigy
Quantitative indices of toxicity from the dose-response assessment are used in estimating the

relationship between the extent of exposure to a contaminant and the potential increased likelihood and/or

severity of adverse effects. The methods for deriving indices of toxicity, the toxicity indices for tie COPC,
and the pgocedures for estimating potential adverse effects are presented below.

Categorization of Chemicals as Carcinogens or Noncarcinogens

For the purpose of risk assessment, chemicals are divided into two groups: known or suspected
carcinogens, and noncarcinogens. The risks posed by these two groups are assessed differently because non-
carcinogenic effects generally exhibit a threshold dose below which no adverse effects occur, whereas no such
threshold has been shown to exist for carcinogenicity.

As used here, the term "carcinogen” means any chemical for which there is sufficient evidence that
exposure may result in continuing uncontrolled cell division (cancer) in humans and/or animals. Chemicals
are classified as carcinogens or noncarcinogens based on weight-of-evidence criteria assigned by U.S. EPA
Guidelines for Carcinogenic Risk Assessment (U.S.EPA 1986a). Table 3-17 summarizes the five U.S. EPA
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weight-of-evidence categories. According to these U.S. EPA guidelines, chemicals classified in Groups A and
B (B! and B2) are considered human carcit_logens or probable human carcinogens based on sufficient evidence,
and should be the subject of non-threshold carcinogenic risk estimation procedures. These classifications are
dynamic; chemicals may be reclassified at any time as additional evidence becomes available that shifts the

weight-of-evidence one way or the other.

Assessment of Carcinogens

In contrast to noncarcinogenic effects, for which thresholds are thought to exist, scientists generally
have been unable to demonstrate experimentally a threshold for carcinogenic effects. This has led to the
assumption by federal regulatory agencies (e.g., U.S. EPA, Food and Drug Administration [FDA], and
Occupational Safety and Health Administration [OSHA]) that any exposure to a carcinogen theoretically
entails some finite risk of cancer. However, depending on the potency of a specific carcinogen and the level
of exposure, such a risk could be practically negligible.

Scientists have developed several mathematical models to estimate low-dose carcinogenic risks from
observed high-dose risks. Consistent with current theories of carcinogenesis, U.S. EPA has selected the
linearized multistage model based on prudent public health policy (U.S. EPA 1986a). In addition to using the
linearized multistage model, U.S. EPA uses the upper 95th percentile confidence limit for doses or
concentrations in animal or human studies to estimate a low-dose SF. By using these procedures, the
regulatory agencies are unlikely to underestimate the actual SF (formerly called carcinogenic potency factor)
for humans.

Using the SF, lifetime excess cancer risks can be estimated by:

Risk = ZLADIj x SF;

where:
LADIj = Exposure route-specific lifetime average daily intake; and
SF 5 = Route-specific slope factor.

Using the multistage model, the carcinogenic risks for the oral and dermal routes of exposure are

calculated as follows:
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. Risk = LADI, SF, + LADI, SF,

where subscript "o" indicates the oral route, and subscript "d" the dermal route. SFs for the COPC are
presented in Table 3-18. U.S. EPA's weight-of-evidence classification for the chemical and the type of cancer
that may be associated with exposure to the chemical are also included in the table.

Assessment of Noncarcinogens ,

Risks associated with noncarcinogenic effects (e.g., organ damage, immunological effects, birth
defects, skin irritation) are usually assessed by comparing the estimated average exposure to the acceptable
daily dose, now called the reference dose (RfD) by U.S. EPA. The RID is selected by identifying the lowest
reliable no observed adverse effect level (NOAEL) or lowest observed adverse effect level (LOAEL) in the
scientific literature, then applying a suitable uncertainty factor (usually ranging from 10 to 1,000) to allow for
differences between the study conditions and the human exposure situation to which the RfD is to be applied.
NOAELSs and LOAELS can be derived from either human epidemiological studies or animal studies; however,

they are usually based on laboratory experiments on animals in which relatively high doses are used.

Consequently, uncertainty or safety factors are applied when deriving RfDs to compensate for data limitations
inherent in the underlying experiments and for the lack of precision created by extrapolating from high doses
in animals to lower doses in humans.

To calculate the RfD, the appropriate NOAEL or the LOAEL is divided by the product of all of the
applicable uncertainty factors and the modifying factor. That is:

RfD =NOAEL or LOAEL/(UF, x UF,... x MF)

Oral RDs are typically expressed as one significant figure in units of mg/kg-day.
The RD is an estimate (with uncertainty spanning perhaps an order of magnitude) of the daily exposure to the
human population (including sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a portion of the lifetime, in the case of a subchronic RfD, or during the entire lifetime, in the case
of a chronic RfD. The RfD is used as a reference point for gauging the potential effects of other exposures.
Usually, exposures that are less than the RfD are not likely to be associated with health risks. As the frequency
of exposures exceeding the RfD increases and as the size of the excess increases, the probability increases that
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adverse health effects may be observed in a human population. Nonethel&sﬁ, a clear distinction that would
categorize all exposures below the RfD as "acceptable” (risk-free) and all exposures in excess of the RfD as
"unacceptable" (causing advexfse effects) cannot be made. Noncarcinogenic risks are usually assessed by
calculating a hazard quotient, which is the ratio of the estimated exposure to the RfD as follows:

Q CDI
where: RfD

HQ = Hazard Quotient;
CDI = Chronic Daily Intake (exposure); and
RfD Reference Dose (acceptable daily intake).

A hazard quotient greater than 1 indicates that adverse effects may be possible, whereas a value less
than 1 means that adverse effects would not be expected. The higher the hazard index is above 1, the more
likely it is that adverse effects could occur. Table 3-19 summarizes the RfDs for COPC at the GRL site.

3.6. Risk Characterization

This section combines the information developed in the exposure and toxicity assessment sections to
obtain estimates of the risks posed to human health by exposure to COPC at the GRL site.

According to U.S. EPA's policy for developing Superfund remedial alternatives (U.S. EPA 1991b),
when the cumulative carcinogenic site risk to an individual, based on reasonable maximum exposure for both
current and future land use, is less than 10~ » and the noncarcinogenic hazard quotient is less than 1, action is
generally not warranted unless there are adverse environmental impacts; Maximum Contaminant Levels
(MCLs) or non-zero Maximum Contaminant Level Guidelines (MCLGs) are exceeded; or unless certain site
conditions lead the risk manager to determine that a baseline risk Jess than 10 is unacceptable. Other
chemical-specific applicable, relevant and appropriate requirements (ARARs) (e.g., state or federal water
quality standards based on a 107 risk) may also be used to determine whether a site warrants remediation.
U.S. EPA uses the general 104 t0 10° risk range as a "target range” within which the Agency strives to
manage risks as part of a Superfund cleanup. Once a decision has been made to undertake an action at a site,
the Agency has expressed a preference for cleanups achieving the more protective end of the range, although

3-27



KJ5102_RI
strategies achieving reductions in site risks anywhere within the risk range may be deemed acceptable by the
U.S. EPA risk manager.

The excess cancer risk and chronic hazard quotients were estimated for an RME case for the exposure
scenarios identified in Section 3.2. Section 3.6.1 presents the risk estimates. Section 3.6.2 summarizes the
risk estimation results and identifies the COPC and pathway(s) that account for the most significant risks at
the GRL site. Uncertainties associated with the risk estimates are presented in Section 3.7.

3.6.1 Risk Estimates

Tables 3-20 and 3-21 summarize the total cancer risks and non-cancer hazard indices posed to
potential receptors, and show which exposure pathway and which chemicals are responsible for the most risk.
The calculations used in the risk estimates are presented in Appendix B. A summary discussion of the risk
estimates is presented below.

Carcinogenic Risk Estimate

Potential carcinogenic risk is assessed by multiplying the estimated LADI of a carcinogen by its SF
to obtain the estimated risk, expressed as a probability of that exposure resulting in an excess incidence of
cancer (i.e., more cancers than would normally be expected in that population). The excess cancer risk for
exposure to each chemical by each route of exposure, category of receptor, and exposure case is initially
estimated separately. The risk estimates are then summed across chemicals and across all exposure routes and
pathways applicable to the same population to obtain a total cancer risk for that population.

Site Tmpaﬁaer A

As shown in Table 3-20, a cancer risk of 3.9 x 10 was estimated for an adolescent trespasser at the
site. Dermal contact with soil accounted for 50.5% of the total risk, and incidental ingestion of soil accounted
for 49.4%. PCBs were the only COPC with estimated risks greater than 1 x 10%, and were responsible for 61%
of the estimated risks.

Current Recreational Users of Stillwater River

Risks estimated for a current user of Stillwater River exposed to sediment totaled 5 x 10%. Of this
total, incidental ingestion of sediment accounted for 85% of the risk. Arsenic was responsible for 79% of the
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estimated risk, and was the only COPC that had an estimated risk greater than 1 x 10,

Future On-Site Recreational Users

Risks posed to future recreational users by on-site soil totaled 2.4 x 10, Incidental ingestion of soil
was the principal pathway of exposure (64.3% of total risk). The COPC accounting for the bulk of the risk
were PCBs (56%), arsenic (24%), and benzo(a)pyrene (10%).

Noncarcinogenic Risk Estimation

The potential for adverse effects resulting from exposure to systemic toxicants (noncarcinogens) is
assessed by comparing the estimated CDI of a substance to its chronic RfD. This comparison is performed
by calculating the ratio of the CDI to its corresponding RfD, which is the HQ. HQs should be summed across
chemicals that produce the same type of adverse effects (e.g., liver damage), but should be kept separate if their
critical effects are different. However, for screening purposes, HQs are commonly summed across a.ll.
chemicals, exposure routes, and pathways applicable to a given population to obtain an HI for that population.

For noncarcinogens, U.S. EPA defines acceptable exposure levels as those to which the human
population, including sensitive subpopulations, may be exposed without adverse effects during a lifetime or
part of a lifetime, incorporating an adequate margin of safety. This acceptable exposure level is approximately
an HI of 1.0. If the HI is less than 1.0, adverse effects usually would not be expected. As the HI increases
beyond 1.0, the possibility of adverse effects occurring also increases. HI estimated for the receptors at the
GRL site are presented below.

Site Trespasser
The HI estimated for a site trespasser was below 1. Estimated HQ for a site trespasser did not exceed
1 for any of the COPC.

Current Recreational Users of Stillwater River

The HI estimated for a current user of Stillwater River exposed to sediment was below 1. None of
the HQ calculated for adult or child receptors were greater than or equal to 1.
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Future On-Site Recreational Users

The HI estimated for a potential child receptor totaled 1.1, with PCBs accounting for 93% of the total
risk (HQ = 1.02). Incidental ingestion of soil (67.5%) and dermal contact (3 1.2%) accounted for the majority
of the risk,. Risks estimated for an adult receptor were less than 1; however, an HI of 1.3 would result from
lifetime (i.e., child and adult combined) exposure to soil at the site.

3.62 Summary Discussion of the Risk Characterization
Nature of Potential Adverse Health Effects

Potential cancer risks greater than 1 x 10 are associated with current and future exposures to PCBs
arsenic, and B(a)P in on-site soil, and arsenic in sediment adjacent to the site. As previously discussed, PCBs
are classified as a Group B, probable human carcinogen, based on carcinogenicity in animals. Chronic
exposures to arsenic in sediment via incidental ingestion may lead to an increased risk of skin, bladder, and
kidney cancers. Chronic exposure to arsenic via inhalation of airborne particulates may cause an increased
risk of developing lung cancer. Overexposure to B(a)P via incidental ingestion and dermal contact may
increase the risk of developing stomach and skin cancers.

Chronic exposure to PCBs in soils are also associated with potential non-cancer health effects for
future recreational users of the site. Long-term human exposures to PCBs may cause adverse hepatic,
immunological, and reproductive effects.

Lead was also detected in soils above the risk-based concentration; however, the RBC for lead is based
on resideritial exposure. Although exposure to soil at the site is not anticipated to be as great as for a
residential receptor, concentrations of lead in soil may be of concern for exposure of sensitive receptors (i.e.,
children ) that visit the site on a frequent basis.

A qualitative evaluation of groundwater data from the site indicates that significant potential risks
exist from ingestion of groundwater at the site, due to the presence of TCE, VC, 1,2-DCE, and DEHP at levels
well above their respective MCLs. Persons ingesting groundwater from the site appear to be at an increased
risk of developing several adverse health effects, including changes in blood chemistry (1,2-DCE), cancer of
the liver (VC, TCE, and DEHP), liver damage (DEHP, TCE, and VC), immune reactions, and nerve damage
(VC). TCE and DEHP are classified as Group B2 probable human carcinogens by U.S. EPA, and VC is
classified as a Group A known human carcinogen. Although not detected in the most recent round of

sampling, benzene and 1,1-dichloroethene were also detected at concentrations above health-based criteria in
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earlier sampling rounds. A potential exists that contaminants in groundwater are migrating from the site;

however, data is not available to assess oﬁ'-sxte migration of COPC in groundwater.

Major Factors Driving Risks
The major factors driving the risks at the site are:

]
*  The presence of PCBs, arsenic, and benzo(a)pyrene in surface soils on-site

e  Arsenic in sediment of the Stillwater River adjacent to the site, and

*  Volatile organic compounds present in site groundwater above MCLs

Exposures to COPC in soil could reasonably be expected for a site trespasser under current conditions,
and for recreational users for future scenarios at the site. The health-protective assumptions used for COPC
concentrations may overestimate actual exposures for a segment of the receptor population evaluated; however,
it is possible that higher concentrations of the COPC are present at the site but were not sampled. In addition,
arsenic levels detected in soil may be equal to area background concentrations (the limited number of

* background samples did not allow a statistical comparison).

No drinking water wells currently exist at the site. Available data for the one off-site well sampled
(which is upgradlent of the site) is not sufficient to determine whether site-related contamination is migrating
off-site to nearby residential wells in the area.

3.7 Discussion of Uncertainty

In order to evaluate the meaning of a risk assessment, uncertainties in the assumptions made, the
potential impact of quantitative changes in those assumptions on the risk estimates, and the relevance of the
findings to the real world exj:osures and risks must be considered. Due to the number of assumptions, data
points, and calculations, a degree of uncertainty is necessarily associated with the exposure values and
numerical toxicity values used in any risk assessment. The following sections discuss the uncertainties

associated with the exposure and toxicity assessments, and with the resultant risk characterization calculations.
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3.7.1 Uncertainties Related to the Exposure Assessment

Environmental Sampling and Analysis
The EE/CA support sampling conducted at the site was designed to characterize the areas that present
the highest potential risk at the site. The locations of the samples were selected in a directed fashion to
investigate specific features of the site and to identify "hot spots” of contamination. A detailed characterization
of the site is often not required for the EE/CA; however, due to the biased nature of the sampling locations,
the resultant chemical concentrations used in the exposure and risk estimates most likely reflect high-end
estimates of the actual exposure that may occur at the site. Maximum detected concentrations of the COPC
were used in the exposure estimates. As discussed earlier, this health-protective assumption may lead to an
overestimate of the true exposures occurring at the site and resultant risk. However, it should be noted that
only 12 soil samples were collected to assess a 15-acre site. The limited number of sampies may result in
areas of higher contamination being missed, which would result in an underestimate of risk posed by the site.
In addition, the characterization of PCBs as Aroclors may result in an underestimate of the actual PCB
congeners at the site, due to the fact that environmentally altered mixtums may not be detected as Aroclors,
even if PCB congeners are present. This could result in an underestimate of PCB concentrations and
subsequently an underestimate of risks posed to receptors at the site.

Due to the focused nature of the SRE, chemicals at levels below risk-based screening criteria were
‘ot carried through the quantitative risk evaluation. The results of toxicity screening indicate that the

chemicals that were not included in the SRE would not pose a significant risk to a residential receptor, which
is not anticipated for the site; therefore, the impacts of not including these chemicals in the evaluation of risk
for site trespassers and recreational users (whose anticipated exposure is much lower than that of a potential
on-site resident) is anticipated to be insignificant.

The lack of analytical information for surface water, groundwater, and off-site soil precludes a
quantitative assessment of nsks posed to off-site receptors. Further characterization of conditions surrounding
the site would be needed in order to identify contammant migration pathways and potential off-site receptors.

Exposure Scenarios

As stated in guidance for conducting non-time-critical removal actions, the SRE is intended to address
risks associated with the particular area that the removal action is intended to address, and may be quantitative
or qualitative in nature. This SRE concentrated on quantitative evaluation of exposure for the populations that
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are anticipated to-be at the greatest risk of exposure to contamination on site. Potential off-site exposure
pathways such as exposure to COPC in surface water, and off-site residential exposure to groundwater and
contaminated soils from the site via surface run-off were not evaluated in this SRE due to lack of data. Further,
more expanded investigations of the site area would be required in order to completely assess risks associated
with these pathways.

Exposure Estimation Calculations

The primary uncertainty regarding the exposure estimation calculations is that associated with the
selection of appropriate parameter values. Individual parameter values were selected so that the overall
pathway exposure estimates would approximate high-end (RME) exposures, thereby ovemstnnatmg rather than
underestimating risks for the potentially exposed population.

3.72 Uncertainties Related to the Toxicity Assessment
Evaluation of Carcinogenic Toxicity Assessment Assumptions
SF for carcinogens are often estimated from high-dose animal studies using very conservative

“ assumpnons about the dose-response relationship for carcinogens. Although there are practical reasons for
_ doing this, the procedures used to derive SFs tend to overestimate the actual cancer potency of a chemical at

low doses.

Because the increased incidence of cancer from low doses of a carcinogen may be very small relative
to the incidence in unexposed populations, and because the cancer may appear long after the exposure, there
is usually not sufficient low-dose data from animal bioassay or human epidemiological studies to directly
estimate SFs at low doses. ’

Therefore, by necessity, agencies such as U.S. EPA use carcinogenic extrapolation models for
estimating low-dose SFs from the responses seen at high doses. Based upon prudent public policy, these
agencies assume that there is no threshold dose below which carcinogenic risks will not occur. This is
equivalent to the assumption that every dose above zero, no matter how low, carries with it a small but finite
risk of cancer. They also assume that the dose-response relationship is linear at low doses. This differs from
the approach used for non-cancer effects, for which thresholds are assumed to exist.

The current model favored by U.S. EPA and certain other federal regulatory agencies is the linearized
multistage model. The agency uses the statistically derived upper 95th percentile confidence limit of the slope
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of the dose-response curve, rather than a maximum likelihood value, for the SF. The agency has concluded,
based on theoretical grounds consistent with human epidemiological and animal data, that cancer follows a
series of discrete stages (i.c., initiation, promotion, and progression) that ultimately can result in the
uncontrolled cell proliferation known as cancer. Consistent with this conclusion, the use of the linearized
multistage model permits an estimation of SF that is not likely to be exceeded if the real slope could be

measured.

Evaluation of Noncarcinogenic Toxicity Assessment Assumptions

Key assumptions used in assessing the likelihood of noncarcinogenic effects are that threshold doses
exist below which various noncarcinogenic effects do not occur and that the occurrence or absence of noncar-
cinogenic eﬁ'ects can be extrapolated between species and occasionally between routes of exposure and over
varying exposure durations. The threshold assumption appears to be sound for most noncarcinogens based
on reasonably good fits of experimehtal data to the usual dose-response curves.

The other assumptions generally appear to be true to varying degrees. The effects observed in one
s;;ecis or by one route of exposure may not occur in another species or by another route, or they may occur
at a higher or lower dose due to differences in the biokinetics of a compound in different species or when
exposure occurs by different routes. The uncertainty in these assumptions is taken into account in the
development of RfDs through the use of safety or uncertainty factors. These factors reflect uncertainty
associated with species-to-species extrapolation and data limitations, and include safety factors to protect
sensitive individuals. The uncertainty factors used by the U.S. EPA are health-protective in nature in that they
tend to overestimate the uncertainties so that the RfDs obtained are unlikely to be too high. Use of the
resulting RfDs tends to overestimate the potential for noncarcinogenic effects occurring at a given exposure
level.

RfDs do not exist for some COPC (such as lead). The maximum lead concentration detected at the
site is well above the level of concemn for residential exposure. Although exposures at the site are anticipated
to be lower than those of a residential receptor, the exclusion of risks associated with lead exposure results in

an underestimate of potential risks posed by the site.

3.73  Uncertainty Associated with the Risk Characterization

The risk characterization combines and integrates the information developed in the exposure and
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toxicity assessments; therefore, uncertainties associated with these assessments also affect the degree of
confidence that can be placed in risk characterization results. The previous sections provide full discussions
of the factors causing uncertainty in the exposure and toxicity assessments, respectively.

For the exposure assessment, the use of maximum detected concentrations for exposure point
concentrations of COPC is likely to cause overestimation of the true exposures. The limited amount of
analytical data and the use of average and default values in licu of site-specific data for critical variables in the
exposux;e assessment could lead to either overestimation or underestimation of the exposures, depending on
actual conditions at the site. B

The basic uncertainties underlying the assessment of the toxicity of a chemical include:

* Uncertainties arising from the design, execution, or relevance of the scientific studies that
form the basis of the assessment; and

¢ Uncertainties involved in extrapolating from the underlying scientific studies to the exposure

situation being evaluated, including variable responses to chemical exposures within human
and animal populations and between species.

These basic uncertainties could result in a toxicity estimate, based directly on the underlying studies,

that either under- or overestimates the true toxicity of a chemical in the circumstances of interest.

Several additional factors should be considered when discussing uncertainties associated with the
overall risk characterization. These include the cumulative effect of using health-protective assumptions
throughout the process, uncertainties associated with exclusion of COPC from the quantitative estimates due
to lack of toxicity information, and the likelihood of the exposures postulated and estimated in the exposure

assessment actually occurring.

3.7.4 Summary of Uncertainty

The cumulative effect of using health-protective assumptions throughout the risk estimation process
is that the resulting estimates could overstate the true risks. RAGS recommends that individual parameter
values be selected so that the overall estimate of exposure represents reasonable maximum exposures. The
actual statistical distributions of exposure parameters used in the evaluation of the GRL site are not known.
As a result, best professional judgment was used to select values that are sufficiently conservative to avoid

underestimating the true risk, yet not so conservative that the resulting risk estimate turns out to be
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unreasonably high- The postulated exposures presented in this SRE are very likely occurring to some degree )
at the GRL site. Overall, the parameters used in the SRE represent a reasonable maximum estimate of those

exposures.

3.8 Conclusions
The lack of analytical information for surface water, groundwater, and off:site soil precludes a
quantitative assessment of risks posed to off-site receptors. Further characterization of conditions surrounding
- the site would be needed in order to identify contaminant migration pathways and potential off-site receptors.
However, in accordance with U.S. EPA guidance (U.S. EPA 1993b), it is not necessary to conduct a
quantitative risk assessment that addresses all exposure pathways to determine whether a response action is
needed when contaminant concentration levels exceed standards that are potential chemical-specific applicable
or relevant and appropriate requirements (ARARs) for the action. Where established standards for one or more
contaminants in a given medium are clearly exceeded, remedial action is generally warranted. In this case,
both groundwiter and soils at the site exhibit concentration levels that exceed potential ARARs and/or risk
based criteria. Containment alternatives should be evaluated in the EE/CA Report. Some practical
considerations in developing containment alternatives include the following: regular flooding of the site; )
inundation of source materials by shallow groundwater during high river stage; and the location of the site
immediately adjacent to a designated State Scenic River.
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4. STREAMLINED ECOLOGICAL RISK EVALUATION

The purpose of the streamlined ecological risk evaluation (SERE) for the GRL site is to identify
the chemicals of concern associated with the site; to evaluate the pathways and the extent to which
ecological receptors might be exposed to these chemicals; and to assess the environmental effects
associated with exposures to the chemicals. The focus of this SERE is on the potential impacts of
chemicals of concern from the GRL site on the ecology of the Stillwater River and the site itself.

4.1 Scope of the SERE

*  According to U.S. EPA guidance (U.S. EPA 1989b), the ecological risk assessment process is
divided into five major components: problem formulation; ecological data acquisition and review;
exposure assessment; ecological effects assessment; and risk characterization. Because this is a
streamlined risk evaluation, not a complete baseline risk assessment, several components of the risk
assessment process are treated in a combined fashion, and some process steps that are usually quantitative
in nature are addressed qualitatively.

To satisfy the goals of the SERE, it was necessary to collect data beyond the scope of the
ecological investigations that had previously been conducted at the site. START utilized existing
sampling data and existing reports on the GRL site and the Stillwater River as part of this investigation.
In addition, START reviewed wetlands maps, topographic quadrangles, soils maps, and state and federal
lists and reviews of species of potential concern. START also conducted limited ecological field
reconnaissance activities to confirm and supplement the findings of the literature review and previously
obtained site information. The field activities conducted for the SERE at the GRL site included:

e Documentation of physicél characteristics of habitats identified as potential receptors;
* Confirmation of identifiable resource boundaries;

*  Observations of dominant vegetation and wildlife species or communities;

* Documentation of species of potential regulatory concern;
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 Identification of surface water drainage patterns;
e  Observation of general land‘use in the vicinity of the site; and
e Identification of potential sources of contamination not related to the site.

The environmental resources identified in the literature review and field reconnaissance are
presented in Section 4.2. The potential risks to the environmental resources are presented in Section 4.3.

4.2 Environmental Resources Inventory
The literature review and limited field reconnaissance documented the following environmental
resources at the GRL site and the adjacent Stillwater River:

» Surface Water Resources (river, wetlands, floodplain, and surface water dramage)
e Habitats;

e  Species of Concern;

e Geology and Hydrogeology;

e Soils; ’ .

» Topography; )
e Land use; and

o Climate.

4.2.1 Surface Water Resources

To assess the surface water resources on and adjacent to the site, START reviewed the following
resources: United States Fish and Wildlife Service (USFWS) National Wetlands Inventory (NWI) map of
West Milton, Ohio, quadrangle; the Ohio Environmental Protection Agency (OEPA) report entitled,
Biological and Sediment Qualtty Study of the Stillwater River, Garland Road Landfill, Miami and
Monsgomery Counties, Ohio (OEPA 1995); and Ohio Department of Natural Resources (ODNR)
memorandum entitled, Designation of the Stillwater River from Beamsville to Englewood Dam as a
Scenic River (ODNR 1974). START also performed limited field reconnaissance activities to verify
surface water resources and habitat types. Wetland types have been classified in accordance with
Classification of Wetlands and Deepwater Habitats (Cowardin er al. 1979) and are described in Section
4.2.1.2.
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4.2.1.1 Stillwater. River .

The Stillwater River, designated as a state scenic river, forms the eastern boundary of the GRL
site. The Stillwater River is approximately 67 miles in length and empties into the Great Miami River in
Dayton. The total watershed of the Stillwater River is 673 square miles (ODNR 1974). The portion of
the Stillwater River adjacent to the site is approximately 200 feet wide, is relatively shallow, and has an
average flow of 450 cubic feet per second (ft3/sec.)(PRC 1993). Pool habitats comprise the majority of
the river within the area of the site but there are also short, well developed riffle and run habitats as well.
The substrate is dominated by cobble, gravel, and sand. The Stillwater River is currently designated as
Exceptional Warmwater Habitat for aquatic life use (OEPA 1995).

On August 1, 1995, the OEPA published a report entitled, Biological and Sediment Quality Study
of the Stillwater River, Garland Road Landfill, Miami and Monsgomery Counties, Ohio. The purpose of
the study, and similar studies in 1982 and 1990 fish tissue, fish biomarker, and sediment sampling of the
Stillwater River in the vicinity of the GRL site from August to November 1994 (OEPA 1995). A
summary of OEPA's findings and conclusions is presented below:

* The stream and riparian zone were found to provide excellent physical habitat for aquatic
life and were found to be capable of supporting Exceptional Warmwater Habxtat stream fish
communities (OEPA 1995).

e "Based upon the 1994 sampling results, the Garland Road Landfill was not impacting the
macroinvertebrate communities of the Stiliwater River" (OEPA 1995).

e With regard to sediment samples, the report states that, "all results are below the Lowest
"Effect Level” (OEPA 1995).

*  "The Garland Road Landfill was not impacting the fish communities of the Stillwater River,
based upon 1994 sampling results” (OEPA 1995).

» "Fish tissue results showed only mercury as being of concern...." (OEPA 1995).

* "A significant improvement in the fish communities occurred during 1994" and "... appears
associated with reduced effluent loadings of ammonia-N [ammonia as nitrogen] and oxygen-
demanding material from the West Milton WWTP [wastewater treatment plant]” (OEPA
1995)(see Section 4.3.8).

OEPA collected a high number of fish species at each sampling location, including significant
numbers of pollution-sensitive Golden Redhorse (Moxostoma erythrurum), Black Redhorse (Moxostoma

~ dugquesnei), Shorthead Redhorse (Moxostoma macrolepidotum), Northern Hog Sucker (Hypentelium
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nigricans), Smallmouth Bass (Micropterus dolomieui), and River Redhorse (Moxostoma carinatum), a )
species that is listed by ODNR as Special Interest. Pollution-intolerant fish represented approximately
10.5 percent of the total catch in the Stillwater River (OEPA 1995). A list of the 39 fish species and two
hybrids collected in the Stillwater River by OEPA, as published in their 1995 report, is presented in
Table 4-1.

The NWI map of West Milton, Ohio, quadrangle identifies the aquatic habitat of the Stillwater
River main channel in the area adjacent to the site as Riverine Lower Perennial Unconsolidated Bottom
Permanently Flooded (R2UBH). R2UBH wetlands consist of habitats that are contained within a channel
and with a salinity less than 0.5 parts per thousand. R2UBH wetlands are bounded on the landward side
by uplands or by wetlands dominated by trees, shrubs, persistent emergents, emergent mosses, or
lichens. R2UBH wetlands have a low gradient and a slow water velocity. These wetland areas remain
flooded throughout the year in all years. A well developed floodplain is also characteristic of this
wetland type (Cowardin ez al. 1979).

4.2.1.2 Wetlands :
The NWI map designates a total of six wetland areas on or in the vicinity of the GRL site: three )
we;land areas on the GRL site; one adjacent to the site within the Stillwater River; and two areas
immediately downgradient of the site along the Stillwater River. As described below, START believes
that jurisdictional wetlands, as defined by the United States Army Corps of Engineers (USACE 1987), do
not exist on site. The wetlands and wetland types in the vicinity of the GRL site, as identified by the
NWI map, are described below and are shown in Figure 4-1.

GRL Site

Approximately 0.7-acre or 5 percent of the 15-acre site in the southeastern corner of the site is
designated on the NWI map as Palustrine Forested Broad-Leaved Deciduous Temporarily Flooded
(PFO1A)(USFWS 1985). Palustrine wetland systems are nontidal wetland systems dominated by trees,
shrubs, persistent emergents, and emergent mosses or lichens. Palustrine wetlands possess all of the
following four characteristics: are less than 20 acres in size; lack active wave-formed or bedrock
shoreline features; have a water depth in the deepest part of the basin less than 6 feet at low water; and
have salinity due to ocean-derived salts less than 0.5 parts per thousand. PFO1A wetlands flood for less
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than two weeks during the growing season most years and are usually dry by mid-growing season. They
are characterized by woody vegetatiqn that is 20 feet or taller. These wetlands normally possess an
overstory of trees covering at least 30 percent of the ground, an understory of young trees or shrubs, and
a herbaceous layer (Cowardin ez al. 1979).

Two small wetland areas on the NWI map near the southwestern tip of the site are designated as
Palustrine Unconsolidated Bottom Semipermanently Flooded Excavated (PUBFx). The total size of the
two wetlands is approximately 0.3 acre or 2 percent of the 15-acre site, as determined from the NWI
map. PUBFx wetlands are described as freshwater wetlands that are less than 20 acres in size and less
than two meters deep at low water. These wetlands remain flooded throughout the growing season in
most years and have been created or modified by excavation and removal of existing substrate (Cowardin
et al. 1979). '

NWI maps are prepared primarily by stereoscopic analysis of high altitude aerial photographs,
and are generally not "ground-truthed”. The wetlands designated on NWI maps are identified from
photographs based on vegetation, visible hydrology, and geography. The identification of wetlands on an
I';IWI map does not indicate the existence of jurisdictional wetlands (USFWS 1985). The USACE, which
has authority over wetlands, defines wetlands in, Werlands Delineation Manual, Technical Report Y-87-1.
This manual defines regulated wetlands as having each of three characteristics:

1) a predominance of hydrophytic vegetation;
2y saturated soil conditions; and
3) inundated or saturated groundwater at or near the surface (USACE 1987).

Although START did not delineate boundaries or establish the jurisdictional or regulatory status
of the habitats on site, START believes that jurisdictional wetlands do not exist on the GRL site based on
the lack of visual evidence to support the presence of all three Jurisdictional wetland characteristics.

NWI maps categorize wetlands as areas having just one of the above characteristics.

Off Site

A relatively small island exists within the Stillwater River adjacent to the GRL site. The NWI
map designates this island as PFO1A habitat. The NWI map also identified two PFO1A wetland areas on
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either bank of the-Stillwater River, approximately 350 feet downstream of the southern portion of the site
(USFWS 1985).

4.2.1.3 Floodplains

The 100-year floodplain is defined by state and local regulations as those areas mapped by the
Federal Emergency Management Agency (FEMA) National Flood Insurance Program, Flood Insurance
Rate Maps (FIRM). In general, FEMA maps identify all land within reach of a flood with a one percent
probability of occurring in any given year; also referred to as the base flood (Kusler and Platt 1988).
Floodplains occur in areas along or adjacent to a stream or body of water that are capable of storing or
conveying floodwater. ‘

The FEMA maps for Miami County, Ohio, designate the entire GRL site as Zone A, indicating
that it is within the 100-year floodplain of the Stillwater River. The boundary between the Zone A
floodplain and Zone C (areas of minimal flooding) is approximately 3,000 feet to the west of the GRL
site. FEMA has not determined base flood elevations and flood hazards within the Zone A floodplain in
this area (FEMA 1983). '

Englewood dam is located approximately six miles south of the GRL site and was constructed in
1922 to protect Dayton and other cities to the south along the Great Miami River from flooding. The
dam only stores water during flood events. The dam has stored water on 443 occasions since its
construction was completed in 1922 (Rinehart 1996).

The spillway of Englewood dam is at elevation 876. Prior to construcﬁng the dam, the Miami
Conservancy District, which has authority over Englewood dam, acquired certain rights on all properties
situated beldw the spillway elevation. One of these rights is to back water over all properties below the
spillway elevation. The maximum elevation on the GRL site is approximately 824 feet above sea level,
well below the elevation of the Englewood dam spillway (Rinehart 1996).

Evidence of flooding was observed on the site during reconnaissance activities on November 21,
1996. In the low-lying southeast corner of the site, leaves from vegetation were observed lodged into the
entire height of the approximately 6-foot high fence along the Stillwater River. The steep slope of the
river bank along the eastern side of the GRL site indicates that flooding of the Stillwater River happens
relatively infrequently but with sharp peaks (Mitsch and Gosselink 1993), however, the southern portion
of the site floods annually (FEMA 1993).
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4.2.1.4 Surface Water Drainage Patterns

Based on field observations and on topographic mapping of the site, START has estimated
surface runoff patterns on and adjacent to the site (Figure 4-2). Surface water drainage on the site is
generally west to east, towards the Stillwater River. At the southern end of the site, most of the surface
water drainage flows into the center of the site and then to the southeast towards the Stillwater River. At
the extreme southwestern tip of the site, surface water drains to the southwest towards an intermittent
stream that runs through the adjacent agricultural field before entering the Stillwater River.

4.2.2 Habitats

Terrestrial habitats were identified based on field observations and have been classified according
to Eastern Forests (Kricher and Morrison 1988). Figure 4-3 shows the locations of the habitat types on
the site.

The major habitat types identified within and adjacent to the GRL site include:

e River

* Northern Riverine Forest
e Old Field

e Barren L'md

The vegetation observed in each habitat is listed in Table 4-2. The birds, mammals, and reptiles
and amphibians that may potentially exist on the site and their probable habitats are listed in Tables 4-3,
4-4, and 4-5, respectively.

4.2.2.1 River

As dnscussed in Section 4.2.1.1, the Stillwater River flows adjacent to the site. In the vicinity of
the site, the Stillwater River is designated as RZUBH (Cowardin et al. 1979).

Based on the findings of the Stillwater River study done by OEPA (1995), the Stillwater River
habitat is considered to be of high ecological importance. The fish and benthic macroinvertebrate
communities appear to be healthy upstream and downstream of the GRL site and sediment and biotic
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contamination appear to be minimal (OEPA 1995).

4.2.2.2 Northern Riverine Forest

On the site, a narrow strip of northern riverine forest habitat exists along the bank of the
Stillwater River (Figure 4-3). This habitat comprises approximately two acres or 13 percent of the 15-
acre site. The northern riverine forest is approximately 50 to 100 feet wide and exists on a steep slope
between the landfill and the river. The topogrhphy of this habitat slopes down appronmately 16 feet to
the edge of the river.

Northern riverine forest communities are those that occupy moist sites along rivers and
floodplains. Spring flooding is an annual occurrence in this type of community. Herbaceous cover is
generally 1mmmal (Kricher and Morrison 1988).

The vegetation in this community is comprised mostly of large, old trees with little understory.
Heavy flooding tends to keep understory vegetation to a minimum. Tree leaves observed lodged in the
top of the six-foot high site fence provide evidence of flooding of this habitat. Observations of the
.vegetation in this habitat during the ecological field reconnaissance included: Eastern Sycamore
(Platanus occidentalis); Silver Maple (Acer saccharinum); Eastern Cottonwood (Populus deltoides);
Black Willow (Salix nigra); Red Maple (Acer rubrum); Sugar Maple (Acer saccharum); Swamp White
Oak (Quercus bicolor); and Northern Hackberry (Celtis occidentalis). Animals observed in this forest
community included: Belted Kingfisher (Ceryle alcyon); Pileated Woodpecker (Dryocopus pileatus); and
Downy Woodpecker (Picoides pubescens). In addition, START field personnel have observed several
small (one inch diameter) burrow holes in this river bank soil.

This habitat is considered to be of high importance to the ecology of the Stillwater River and the
local area. Although the northern riverine habitat on the site is not very large and is not capable of
supporting a large number of plant and animal species, it does provide many important functions to the
Stillwater River and to the surrounding tencs&ial habitats.

This northern riverine forest habitat is the riparian zone of the Stillwater River. A riparian zone
is the land adjacent to a body of water that is, at least periodically, influenced by flooding. The northern
riverine forest habitat at the GRL site is at the interface between the aquatic ecosystem of the Stillwater
River and the upland ecosystem of the majority of the site. Mitsch and Gosselink (1993) describe
riparian ecosystems, such as this one, as being characterized by a combination of high species diversity,
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high species densities, and high productivity. Diversity and abundance of species tend to be greatest at
the ecotone between two distinct ecosystems such as a river and uplands. Riparian ecosystems are
generally home to productive and diverse plant communities and are valuable for many animals that seek
its bit erosion of the steep river bank slope at the GRL site. This habitat may also help to inhibit erosion
of GRL site surface soils into the Stillwater River by trapping the runoff. The inhibition of erosion into
the river likely helps to promote the existence of silt-sensitive fish and benthic macroinvertebrate
organisfns in the Stillwater River.

‘ The northern riverine habitat is important for the stream-shading that the large trees provide.
This stream shading provides important escape cover for fish. Stream shading also helps to keep
important water quality parameters of rivers from changing drastically, such as temperature and dissolved
oxygen. The clearance of streamside vegetation increases water temperature and, together with the loss
of tree root habitat, can cause dramatic reductions and alterations in fish and benthic macroinvertebrate
populations (Goldman and Horne, 1983). This riparian vegetation also provides coarse particulate
organic matter (CPOM) to the Stillwater River this is important food to a portion of the benthic
macroinvertebrate community (U.S. EPA 1989c).

 Goldman and Horne (1983) state that it is a wise stream management practice to leave a buffer
strip of original vegetation about 30 meters wide. Mitsch and Gosselink (1993) state that:

"... the importance of the river to the floodplain and the floodplain to the
river... cannot be overemphasized. If either is altered, the other will change
over time because floodplains and their rivers are in a continuous dynamic
balance..." (Mitsch an Gosselink 1993).

OEPA, in its 1995 report on the Stillwater River, made the following recommendation about the
northern riverine forest habitat of the GRL site:

"Every attempt should be made at the Garland Road landfill to preserve the
mature trees lining the river bank to stabilize the stream bank and provide
riparian habitat. It would take decades for newly planted trees to provide
the same functions that the trees currently provide the aquatic community.
Erosion controls and bank stabilization need to be of primary concern in all
actions taken during remediation activities” (OEPA 1995).
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4.2.2.3 Old Field

Old field habitat comprises approximately 7.5 acres or 50 percent of the 15-acre site. Old field
habitat exists at the southern and northern ends of the site (Figure 4-3).

An old field is defined as an abandoned field o disturbed terrestrial habitat that has a well-
developed soil base. Old field succession begins soon after a field is abandoned or a disturbed terrestrial
habitat is left alone. Many fields are abandoned with bare ground. When bare ground is available, it is
quickly colonized by herbaceous plants whose seeds were present in the soil. The plants that originally
colonize an area are called pioneer species, and develop quickly in the abundant sunlight available due to
the removal of the overstory (Kricher and Morrison 1988).

Two types of successional old field habitats can be found on the GRL site: perennial herbaceous
plantcommunityandperennia.lhcrbaceouswoodyplantcommunity. Each type is described in further
detail below.

Perennial Herbaceous Plant Community

Fields that range in age from 3 to lOyearspost-disun'bancearcusuallydominaxedbyperennial
herbaceous plant communities. The majority of the southern end of the site can be characterized as a
perennial herbaceous plant community. The perennial herbaceous plant community that is between 3 and
10 years post-disturbance has established in an old field. This community often has an abundance of
perennial herbaceous and grass speéi&s. The goldenrods and asters that usually dominate a two to three
year post-disturbance field no longer uniformly cover the field and seedlings of shrub and tree species
begin to grow (Kricher and Morrison 1988).

Observations of the vegetation in this community on site included the following species:
Common Mullein (Verbascum thapsis); Goldenrods (Solidago species); Quan Anne's Lace (Daucus
carota); Beggar Ticks (Bidens frondosa); Tree-of-Heaven (Ailanthus altissima); and various species of
grasses. Animal species that were observed in this habitat included: American Crow (Corvus
brachyrhynchos); Song Sparrow (Melospiza melodia); and Northern Cardinal (Cardinalis cardinalis). In
addition, START personnel have noted Raccoon (Procyon lotor) tracks and several rodent burrows that
were between six and eight inches in diameter within the old field habitat at the south end of the site.
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Perennial Herbaceous Woody Plant Community

Fields that range in age from 10 to 60 years post-abandonment are usually dominated by
perennial herbaceous woody plant communities. Much of the northeastern corner of the site can be
characterized as a perennial herbaceous woody plant community. In these communities, herbs and
grass&are much less obvious compared to the younger communities. Clumps of trees and shrubs shade
the ground. Large patches of trees and shrubs are interrupted by areas of grass. The habitat is very
patchy in appearance. Very old fields begin to look like woodlands, with dense clumps of slender trees
(Kricher and Morrison 1988).

Observations of the vegetation in this community included the following species: Goldenrods;
Beggar Ticks; Tartarian Honeysuckle (Lonicera tatarica); Eastern Redcedar (Juniperus virginiana);
Eastern Sycamore; Red Maple; Sugar Maple; Flowering Dogwood (Cornus florida); Tree-of-Heaven;
Eastern Cottonwood; Paper Birch (Betula papyrifera); and Black Willow (Salix nigra). Animals species

observed in this habitat included: American Crow, Dark-eyed Junco (Junco hyemalis), Song Sparrow,

Northern Cardinal, Northern Mockingbird (Mimus polyglottos), Tufted Titmouse (Parus bicolor),
Rufous-sided Towhee (Pipilo erythrophthalmus), Purple Finch (Carpodacus purpureus), White-breasted
Nuthatch (Sitza carolinensis), and Carolina Chickadee (Parus carolinensis).

Both types of old field habitats are considered to be of low ecological importance. Due to the
fence surrounding the majority of the site, few mammals are potentially able to utilize this site habitat.
Birds that are common to disturbed areas would likely find this habitat to be of moderate value for
foraging and nesting. This site habitat is small in size and there are many other old field habitats

' available in the local area that are less disturbed than the GRL site.

4.2.2.4 Barren Land
Barren land on the site includes the driveway, the area in the northwestern corner of the site
where the work trailers are set up, and the area in the center of the site where soil excavation has
occurred (Figure 4-3). Barren land comprises approximately 5.5 acres or 37 percent of the 15-acre site.
Barren land areas are mostly devoid of habitat for ecological receptors. There are few, if any,
plants and animals inhabiting these areas. There are a few grasses in the soil excavation area, but little
else. If this area is left undisturbed, old field succession will begin shortly.
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Due to the soil excavation, this area is not considered to be of ecological importance. This area
is not considered to be suitable habitat for wildlife species. The barren land of the site is not considered
to be an ecosystem of concern. Barren land areas may develop into habitats of low to moderate
ecological importance if left undisturbed in the future. Barren lands often take 60 or more years to
develop into forest communities (Kricher and Morrison 1988). As a forest community, this habitat would
not rival the ecological importance of the northern riverine forest habitat.

4.2.3 Species of Potential Concern A
| To identify species of potential concern in the vicinity of the GRL site, START reviewed
current lists of threatened and endangered plants and animals in the vicinity of the site from ODNR and
USFWS. USFWS lists the Indiana Bat (Myotis sodalis) as the only federally endangered species existing
in Miami County, Ohio (USFWS 1996). The Indiana Bat is discussed in further detail below. One
species on the ODNR list of threatened and endangered species, the Dark-eyed Junco (Junco hyemalis),
is also discussed in further detail below (ODNR 1992).

At the request of START, ODNR, Division of Natural Areas and Preserves, conducted a file

search for an approximately seven square mile area (1.S-mile radius) surrounding the GRL site (see
Attachment C). The results of the file search indicate the following:

* No records of rare species were found for the 1.5-mile radius area;

*  There are no existing or proposed state nature preserves at the site; and

* Thesite is located along the Stillwater River, which is a designated component of the State

Scenic River system. : )

Based on the habitat reqtiirements of the identified species-of-concern and the disturbed nature of
the majority of the site, no federal or state species-of-coxicern are likely to occur in these areas. The
northern riverine forest habitat provides the most likely area for the potential existence of threatened or
endangered species. No species-of-concern were observed during the November 1996 field
reconnaissance, but their potential occurrence can not be ruled out at this time.

Indiana Bat (Myotis sodalis)
USFWS identified the Indiana Bat as the only federally endangered species known to be present
within Miami County, Ohio. No federally threatened or proposed threatened species were identified by
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USFWS as being present within Miami County (USFWS 1996).

START contracted 3D/Environmental of Cincinnati, Ohio, to assess the site for suitable Indiana
Bat habitat. On August 11, 1995, 3D/Environmental submitted a report entitied, Assessment of Garland
Road Landfill for Suitable Indiana Bat Summer Habitat. The study concentrated on the northern riverine
forest habitat and found that the GRL site has no value for Indiana Bat roosting habitat and has minimal
value for foraging habitat. The report concluded that the overall suitability of the habitat to the Indiana
Bat was negligible.

Dark-eyed Junco (Junco hyemalis)

Between 40 and 50 dark-eyed juncos were observed on the GRL site during START's limited
ecological assusment on November 21, 1996. The Dark-eyed Junco is listed as endangered by ODNR,
Division of Wildlife (ODNR 1992). Debbie Woischke of ODNR, Division of Natural Areas and
Preserves, stated in a telephone conversation that the Dark-eyed Junco is listed as endangered in the State
of Ohio for nesting habitat only. She stated that there are many Dark-eyed Juncos that inhabit Ohio in -
the winter that are migrants and are not of concern (Woischke 1996b).

Dark-eyed Juncos prefer coniferous and mixed woodlands for nesting (National Geographic
Society 1987). In winter, they inhabit open woods, undergrowth, woodsides, and brush (Peterson 1980).
There are 17 records of nesting Dark-eyed Juncos during spring and summer in Ohio and all are in the
northeast portion of the state within Cuyahoga, Lake, Geauga, and Ashtabula counties (Peterjohn and
Rice 1991). Ms. Woischke also stated that the GRL site is not appropriate habitat for nesting of the
Dark-eyed Junco (Woischke 1996b).

4.2.4 Geology and Hydrogeology
The following information is based on a general description of geologic conditions in the

Stillwater River Basin (ODNR 1960). Site-specific descriptions of the geologic conditions at the site may
be found in the EE/CA prepared by CRA. The landfill material in the area of the GRL site is underlain
by glacial deposits covering shale and limestone bedrock. The glacial deposits are comprised largely of
clay till, sand, and gravel. Groundwater at the site is generally encountered at about 10 feet below
ground surface. Groundwater movement in the vicinity of the site is assumed to be southeast towards the
Stillwater River.
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4.2.5 Soils

The soils within Miami County, Ohio were mapped by the United States Department of
Agriculture, Soil Conservation Service (SCS) in the Soil Survey of Miami County, Ohio (SCS 1978). The
soils mapped by the SCS (Figure 4-4) identified the following five soil types within the site boundaries:

 Made Land

e  Gravel Pits .

e Eldean silt loam, O to 2 percent slopes

e Eldean loam, 2 to 6 percent slopes

s Genesee silt loam

None of these soil types are identified on the Miami County hydric soils list (SCS 1996). A
description of each soil type is presented below.

. Made Land
The majority of the site is mapped as made-land. Made-land consists mostly of former pits and
depressions that have been filled or covered with trash, bricks and stones, cinders, industrial waste, and )
other non-sqil material (SCS 1978).

Gravel Pits

A gravel pit area is mapped at the southern tip of the site. Gravel pits are open excavations
where the soil material has been removed and the underlying sand and gravel has been mined (SCS
1978). |

Eldean silt loam, 0 to 2 percent slopes

On the site, this soil type is found as a narrow strip along the western boundar};. This soil is
level to nearly level and is found on high stream terraces. Nearly all of the original surface layer
remains, and there is little or no evidence of erosion (SCS 1978). |

Eldean loam, 2 to 6 percent slopes
A small area of this soil type is mapped at the southern tip of the site. This soil type is gently
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sloping and is found along drainageways, on stream terraces, and on gravelly knolls and ridges in
uplands. Slopes al:e about 50 to 75 feet long and there is some evidence of erosion (SCS 1978).
Genesee silt loam .

A small area of this soil type exists in the northeast corner of the site. This is a level to nearly-
level soil found on broad floodplains (SCS 1978).

4.2.6 Topography {

The general topography of the site slopes down from west to east towards the Stiliwater River.
The western boundary of the site has an elevation of approximately 824 feet above sea level. From west
to east, elevations decrease slowly to a ridge that exists approximately 40 to 75 feet from the Stillwater
River. From this ridge, elevations decrease rapidly down to the river. The elevation of the Stillwater
River is approximately 800 feet above sea level.

At the southern end of the site, the topography slopes down into the center of the site and then
slopes east/southeast towards the Stillwater River. At the extreme southern end of the site, the

topography slopes down to the southwest towards an intermittent stream that runs through the adjacent
agricultural field to the Stillwater River.

4.2.7 Land Use ;

Land use adjacent to the site was identified by observations made during visual field
reconnaissance on November 21, 1996. Land-use types have been categorized according to A Land Use
and Land Cover Classification System For Use With Remote Sensor Data (Anderson et al. 1976). The
following land-use types were identified within the vicinity of the site and are shown in Figure 4-5:

e Open Space

e Agricultural Land

e  Streams and Canals

*  Transportation, Communications, and Utilities
» Forest Land

A description of each land-use type and the location of each is presented below.
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OpenSpaceA . -

The entire 15-acre GRL site is characterized as open space. The site was used for industrial
purposes in the past, but no longer has that land use. The site is surrounded by a 6-foot high fence that
keeps it from being influenced by surrounding land uses. The site land use is not expected to change in
the future.

Agricultural Land
Agricultural land is described as land used primarily for production of food and fiber (Anderson

et al. 1976). The land surrounding the site to the west and south is agricultural land. At the time that

field reconnaissance was performed, the agricultural land surrounding the site had been used for growing

corn.

Streams and Canals
This category includes rivers, creeks, canals, and other linear water bodies (Anderson er al.
1976). The Stillwater River is categorized as this land use.

Transportation, Communications, and Utilities
This category includes highways, railways, and areas associated with these uses (Anderson ez al.
1976). Frederick-Garland Road, which borders the site to the north, can be categorized as this land use.

Forest Land ,

Forest land has a tree-crown areal density of 10 percent or more, is stocked with trees capable of
producing timber or other wood products, and exerts an influence on the climate or water regime
(Anderson ef al. 1976). Forest land exists south of the site, along the Stillwater River.

4.2.8 Non-Site Related Conditions of Potential Environmental Concern

This section describes conditions in the vicinity of the site that are not related to the site, but may
have, or may have recently had, an impact on the physical characteristics or ecology of the Stillwater
River. The sites listed below will need to be considered when evaluating current and/or past analytical
results from the Stillwater River sampling data.
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Wastewater Treatment Plant

The West Milton wastewater treatment plant (WWTP) is located on the Stillwater River,
approximately two miles north and upstream of the site. According to OEPA (1995), Stillwater River
loadings data showed a marked decrease in ammonia, total nonfilterables, and carbonaceous biochemical
oxygen demand following a plant upgrade that was completed in November 1992. A marked
improvement in the fish communities also appeared with the reduced effluent loadings from the West
Milton WWTP (OEPA 1995). i

Agricultural Operations

Agricultural fields exist adjacent to the west and south of the site and are prevalent along the
Stillwater River upstream and downstream of the site. Runoff from these agricultural fields is a potential
source of sediments, pesticides, herbicides, and fertilizers to the Stillwater River.

4.2.9 Climate

TheclhmteofMiamiConmyisconﬁnennlandismarkedbywideannual.daily.andday-to—day
ranges of temperature. Summers are moderately warm and humid, and winters are reasonably cold and
cloudy. The average daily maximum for July is 85 degrees Fahrenheit (°F) and the average daily
minimum is 65°F. The average daily maximum for January is 37°F and the average daily minimum is
22°F. Precipitation varies widely from year to year but is normally abundant and well-distributed
throughout the year. The yearly precipitation a.verage is approximately 36 inches, with the least amount
of precipitation occurring in the Fall months. The average length of the growing season is approximately
168 days, with the average last Spring freeze on May 1 and the average first Fall freeze on October 15
(SCS 1978).

4.3 Idenuﬁmhon of Contaminants of Potential Ecological Concern

In this section, sampling results have been compared to media- -specific screening criteria to
determine the extent of potential ecological concern associated with contaminants at the GRL site.
Ecological characteristics of the site and the Stillwater River described in Section 4.2 have been used in
combination with screening criteria to determine overall ecological risk. Due to the small size of the site,
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the relatively small number of samples collected, and the likelihood that soil particles from all portions of )
the site may potentially wash into the Stillwater River, the different habitats identified in Section 4.5
could not be evaluated separately.
On-site surface soils and Stillwater River sediments have been screened for contaminants of
ecological concern. Groundwater samples were not screened for contaminants of ecological concern
because direct contact with subsurface groundwater is likely to be minimal for ecological receptors.
START was unable to screen Stillwater River stirface water for contaminants of ecological concern
because no surface water data was collected in site investigations. Surface water contamination,
however, is believed to be much lower than sediment contamination.

4.3.1 Inorganic Contaminants
The eight surface soil samples (all taken within one foot of the surface) collected and analyzed at
the GRL site have been compared to screening benchmark concentrations. Toxicological benchmarks
were obtained from Toxicological Benchmarks for Screening Potential Contaminants of Concern for
é’ﬁecc on Terrestrial Planss: 1995 Revision (Will and Suter 1995; Toxicological Benchmarks for
Potential Contaminants of Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process )
(Will and Suter 1995); Toxicological Benchmarks for Wildlife: 1995 Revision (Opresko et al. 1995); and
various other toxicological profiles.

Sediments

Stillwater River sediment sampling results from 1993, 1994, and 1996 were screened against
inorganic ecotoxicity values for sediments. The ecotoxicity values used for screening purposes were
taken from Eco Update: Ecotox Thresholds (U.S. EPA 1996g), when available, and suggested values
from Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on
Sediment-Associated Biota: 1994 Revision (Hull and Suter 1994) for contaminants without screening
benchmark values in the U.S. EPA document. }

Background concentrations for inorganic analytes were determined by taking the mean of the
three upstream sediment samples (one from each sampling event). In the event that an analyte was not
detected in a given upstream sample, the value used for calculating the background concentration was
one-half of the sample quantitation limit for that particular sampling event.
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Table 4-6 lists the analytes detected in Stillwater River sediments, the range of detected
concentrations, background concentrations, and the sediment screening benchmarks used. For the
majority of the inorganic analytes, a total of seven sediment samples from the three sampling events were
able to be screened to identify contaminants of potential ecological concern. No inorganic analytes
exceeded both the sediment screening benchmark and three times the background level. Therefore, no
inorganic contaminants of potential ecological concern were identified in the Stillwater River sediment
samplw; H

Surface Soils
Eight surface soil samples (all taken within one foot of the surface) collected and analyzed at the
GRL site have been compared to screening benchmark concentrations for the toxicity of chemicals to
vegetation from Toxicological Benchmarks for Screening Potential Contaminants of Concern for Effects
on Terrestrial Plants: 1995 Revision (Will and Suter 1995) and other various toxicological profiles.
Background levels for soils were obtained from, Element Concentrations in Soils and Other

 Surficial Materials of the Conterminous United States (Shacklette and Boerngen 1984) and Background -

Levels of Heavy Metals in Ohio Farm Soils (Logan and Miller 1983). Background levels were taken
from these sources because there were only two site-specific background samples available for
comparison to site surface soil samples.

Table 4-7 lists the analytes detected in GRL site soils, the range of detected concentrations,
background concentrations, and the ecological screening benchmark values. The following analytes were
detected at levels greater than ecological screening benchmarks and greater than three times background:
barium, cadmium, chromium, lead, mercury, nickel, and zinc. Calcium and magnesium were detected at
concentrations greater than three times background but have been eliminated because they are considered
essential nutrients. In addition, no background concentration or ecological screening level was available
for cyanide.

4.3.2 Organic Contaminants

As with inorganic contaminants in soil, the eight surface soil samples that were collected and
analyzed at the GRL site have been compared to screening benchmark concentrations taken from
Toxicological Benchmarks for Screening Potential Contaminants of Concern for Effects on Terrestrial
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Plants; 1995 Revision (Will and Suter 1995); Toxicological Benchmarks for Potential Contaminants of
Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process (Will and Suter 1995);
Toxicological Benchmarks for Wildlife: 1995 Revision (Opresko et al. 1995); and various other
toxicological profiles.

Sediment

As with inorganic contaminants, ecological screening values for organic contaminants in
sediment were taken from Eco Update: Ecotox Thresholds (U.S. EPA 1996g), when available, and from
Toxicological Benchmarks For Screening Contaminants of Potential Concern For Effects On Sediment-
Associated Biota: 1994 Revision (Hull and Suter 1994) for contaminants without screemng benchmark
values in the U.S. EPA document.

Table 4-6 lists the analytes detected in Stillwater River sediments, the range of detected
concentrations, background concentrations, and the sediment screening benchmarks used. All organic
contaminants detected in sediment samples were below the sediment quality screening values, except
benzo(a)anthracene. The sediment screening benchmark for benzo(a)anthracene is 108 micrograms per
kilogram (ug/kg) and the maximum concentration detected in the sediment samples was estimated at 120
ug/kg. '

Surface Soils

As with inorganic contaminants in soil,.ﬂle eight surface soil samples (all taken within one foot
oftbesurface)d:atwerecollectedanda.nalyudattheGRLsitehavebeencomparedtoscreening
benchmark concentrations for the toxicity of chemicals to vegetation from Toxicological Benchmarks for
Screening Potential Contaminants of Concern for Effects on Terrestrial Plants: 1995 Revision (Will and
Suter 1995) and other various toxicological profiles.

Table 4-7 lists the analytes detected in GRL site soils, the range of detected concentrations,
background concentrations, and the ecological screening benchmark values. The following organic
analytes were detected at concentrations greater than ecological screening benchmarks: bis(2-
ethylhexyl)phthalate, Aroclor 1248, and Aroclor 1254.

4-20




KJ5102_R1

4.3.3 Summary of Contaminants of Potential Ecological Concern

Contamination of potential ecological concern in Stillwater River sediments includes only
benzo(a)anthracene. Contamination of potential ecological concern in GRL site soils includes: barium,
cadmium, chromium, cyanide, lead, mercury, nickel, zinc, bis(2-ethylhexyl)phthalate, Aroclor 1248, and
Aroclor 1254.

4.3.4 Unavailable Screening Benchmark Values

Little data exists in literature on the threshold toxicity of organic compounds to ecological
receptors in soils. As a consequence, no ecological screening benchmark values were able to be
identified for the following organic compounds: acetone; 1,2-dichloroethene; acenaphthylene; benzoic
acid; benzo(b)fluoranthene; benzo(k)fluoranthene; benzo(ghi)perylene; isophorone; and 2-
methyinaphthalene. These analytes can not be ruled out or included as contaminants of concern without
ecological screening criteria for comparisons. Where possible, toxicological information for some of
these contaminants is provided in Section 4.4.3.

4.4 Ecological Significance of Contamination
4.4.1 Contaminant Source, Fate, and Transport
Benzo(a)anthracene

The major source of benzo(a)anthracene is natural and man-made combustion. It is very
persistent in sediment. Benzo(a)anthracene has a low water solubility and has a.high propensity for
binding to particulate or organic matter. Sediment adsorption or biotic uptake are the primary transport
processes for the removal of waterborne benzo(a)anthracene. Desorption into water from soil is very
unlikely. Erosion of contaminated soils by surficial runoff is the most probable process for the transport
of soil-bound benzo(a)anthracene to aquatic systems. The major fate of sediment-bound
benzo(a)anthracene is most likely to be biodegrada'tion. Many organisms metabolize and excrete PAHs
rapidly, so bioaccumulation is a short-term process (U.S. EPA 1987b).

The surface soil contaminants of ecological concern are located in close proximity to and
upgradient of the Stillwater River. Surface water flow from the site discharges to the Stillwater River.
Consequently, there is a potential pathway for migration of these soil contaminants to the Stillwater
River. Migration potential would be expected to increase during periods of heavy precipitation, during
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snowmelt, and/or during flooding of the Stiliwater River. : )
All contaminants of concern in soil (except bis(2-ethylhexyl)phthalate) are particle-reactive

contaminants, it is expected that their transport would occur primarily in particulate form. They are

naturally occurring in the earth's crust (except cyanide). Specific source, fate, and migration information

is presented below for several of these contaminants. ‘

Man-made sources of chromium include coal and oil combustion, steel production, chemical
manufacture, primary metal production, and chrome plating (U.S. EPA 1987c).

Cyanide

The major sources of cyanide in soil are disposal of cyanide wastes in landfills and the use of
cyanide-containing road salts. In surface soils with a pH of less than 9.2, volatilization of HCN is
expected to be an important loss mechanism for cyanides (U.S. EPA 1988b).

e )
Atmospheric deposition is the largest source of lead in soils and solid waste disposal is the
second largest source. Very little transport of lead occurs because it is strongly retained by soils (U.S.

EPA 1988c).

Nickel

The primary man-made sources of nickel in soils is the application of nickel-containing sewage
sludge, the use of certain fertilizers, and the deposition of aerosol particles. Nickel is extremely
persistent in soils (U.S. EPA 1987d).

Although the potential pathway exists for migration of site soil contaminants of concern to the
Stillwater River, sediment data for the Stillwater River does not appear to support this hypothesis. Fish
and benthic macroinvertebrate studies of the Stillwater River also do not lend support to the hypothesis
that site contaminants are currently impacting the Stillwater River.
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4.4.2 Ecological Effects Assessment
This section presents a discussion of ecological effects associated with contaminants of potential

concern.

Chromium

Chromium is usually found in biological materials in the +3 oxidation state, where it acts as an
essential nutrient to mammals. Hexavalent chromium is more toxic than the +3 form due to its high
oxidation potential and its ability to easily penetrate biological membranes (Steven et al. 1976; Taylor
and Parr 1978; Langard and Norseth 1979). Absorbed chromium is excreted from the body rapidly.
The target organs following high exposures to chromium include the kidneys, immune system, nervous
system; and liver. Long-term exposure of animals to relatively low levels of chromium has not resulted
in effects (U.S. EPA 1987c).

Cadmium

Cadmium, like many other metals, can adversely affect organisms as a result of its ability to bind
with enzymes and other cellular proteins and render them ineffective. Toxic effects resulting from
cadmium exposure in rats include testicular damage and teratogenic effects, anemia, ovarian damage, and
fetal death. In other test animals, testicular hemorrhages, necrosis, and fetal facial development defects.

Cyanide
Cyanide is readily absorbed by animals by inhalation, oral, and dermal routes of exposure.

* Inhalation of hydrogen cyanide is the most dangerous. Following absoiption, it is distributed throughout

the body and the effects include neurotoxicity, cardiac/repiratory effects, and thyrotoxicity (U.S. EPA
1988b).

Lead

Bioaccumulation of lead has been demonstrated for a variety of organisms, with bioconcentration
factors typically ranging from 42 to 1,700 (U.S. EPA 1988c). Lead bonds with amino acids contained in
proteins (including enzymes) or polypeptides. This characteristic increases bioaccumulation and inhibits
excretion. High levels of lead exposure can have neurobehavioral effects. Lead is readily absorbed by
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plants and can be toxic (U.S. EPA 1988c). )

Mercury
Mercury is strongly adsorbed to humic and clay soils. Mercury compounds are known to be

readily taken up by plants (Kabata-Pendias and Pendias 1992).

Nickel

Nickel is rapidly and readily taken up by plants from soils, and until certain nickel
concentrations in plant tissues are reached, the adsorption is positively correlated with the soil nickel
concentrations. Nickel toxicity symptoms in plants include chlorosis, retarded nutrient absorption,
retarded root development, and retarded metabolism (Kabata-Pendias and Pendias 1992). Nickel toxicity
symptoms in animals include lung and reproductive effects. Nickel has a short half-life in the bodies of
most animals and there is little evidence of tissue accumulation (U.S. EPA 1987d).

Polychlorinated Biphenyls

Polychlorinated biphenyls (PCBs), such as Aroclor 1248 and Aroclor 1254, are known to
biomagnify through the food chain and have considerable effects upon higher trophic-level organisms
such as fish-eating birds and carnivorous mammals. PCBs are lipophilic and, thus, are readily passed up
the food chain. Numerous species of biota have been shown to be susceptible to the chronic and acute
effects of PCB exposure (Eisler 1986). Relatively low levels of PCBs in the diet of a variety of wildlife
species have been shown to cause reproductive impairment, behavioral changes, and mortality in
sensitive species (Boucher 1993).’

Zinc

Zinc is readily transported in most natural waters and is one of the most mobile of heavy metals.
Zinc levels of 30 to 21,600 ug/L have been shown to reduce the growth of various plant species.
Symptoms of zinc toxicity in animals include hypertrophy in the adrenal cortex, changes in the pancreatic
islets and the pituitary gland, weight gain, gastrointestinal hemorrhages, brain damage, swollen joints,
anemia, low levels of hemoglobin, low hematocrit values, decreased numbers of leukocytes,
morphological changes in red blood cells, reduced fetal weight, hair loss, and copper deficiency
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(Dadiiska ez al. 1985).

Benzo(a)anthracene

- Benzo(a)anthracene was detected above the ecological screening criteria in sediments.
Benzo(a)anthracene is a polycyclic aromatic hydrocarbon (PAH). PAHs are readily accumulated by most
aquatic species at low concentrations in the environment, although uptake of PAHs is highly species
specific. For instance, uptake is much higher in‘algae, mollusks, and other species incapable of
metabolizing PAHs.

In sediments, PAHs may be biotransformed and biodegraded by benthic macroinvertebrate
organisms in an oxygen-rich environment such as the Stiliwater River. PAHs usually remain close to
sites of deposition in aquatic environments.

PAHs have been shown to capable of causing liver neoplasia, tumors, hyperplastic diseases,
destruction of hematopoietic and lymphoid tissues, ovotoxicity, antispermatogonic effects, adrenal
necrosis, and changes in intestinal and respiratory epithelia in aquatic organisms (U.S. EPA 1980; Lee
and Grant 1981).

4.4.3 Ecological Effects Assessment for Contaminants Without Screening Values

This section presents a discussion of ecological effects associated with contaminants for which no
screening benchmark values were identified.
Polycyclic Aromatic Hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) include the following contaminants for which no
screening benchmarks were identified: acenaphthylene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(ghi)perylene, and 2-methylnaphthalene.

PAHs are persistent in the environment. PAHSs are rapidly metabolized by most organisms and
therefore do not biomagnify in food chains (Eisler 1987). Several species of organisms have been
observed to have adverse biological effects on their survival, growth, metabolism, and tumor formation
as a result of PAH exposure.

Plant leaveS may absorb or assimilate PAHs, which can then enter the food chain. PAHs
assimilated by plants may be translocated, metabolized, and possibly subjected to photodegradation
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within a plant. In highly contaminated areas, assimilation can exceed metabolism and degradation, )
resulting in an accumulation in the plant tissues. Plants can also absorb PAHs from soils through their
roots and mslocaé them to other parts of the plant such as developing shoots (Edwards 1983).

Inhalation, skin contact, and ingestion are all routes of exposure for PAHs into mammals. PAHs
are poorly absorbed from the gastrointestinal tract. Elimination of PAHs and their metabolites is through
the hepatobiliary system and the gastrointestinal tract (Simms and Overcash 1983). The cytochrome P-
450-dependent mixed function oxidase system is responsible for mmznng the metabolism of lipophilic
organic compounds like PAHs. This enzyme is present in rodent tissues, human liver, skin, placenta,
fetal liver, macrophages, lymphocytes, and monocytes and the intermediates it produces can be highly
toxic, mutagenic, or carcinogenic to the host (Lo and Sandi 1978).

PAHs have been shown to be capable of causing tumors in the skin and most epithelial tissues of
many animal species. Acute and chronic effects of PAH exposures include: destruction of hematopoietic
and lymphoid tissues; ovotoxicity; antispermatogonic effects; adrenal necrosis; and changes in intestinal
and respiratory epithelia (U.S. EPA 1980; Lee and Grant 1981).

4.4.4 Risk Characterization )
The ecological risk associated with the low level of benzo(a)anthracene in sediment is likely low.

The value detected in Stillwater River sediments (120 ug/kg) is only slightly above the ecological

screening benchmark value of 108 ug/kg.
The levels of the inorganics, PCBs, and organic contaminant of ecological concern likely present

a moderate risk to ecological receptors. While levels of these contaminants are high in certain areas on
site, the greatest concentrations are believed to be associated with the barren land areas of the center of
the site. These barren land areas are of little ecological importance, especially when compared to the
adjacent northern riverine forest and Stillwater River. The greatest ecological risk associated with site
soil contaminants is not contact with land receptors, but the potential migration of the contaminants to. the
Stillwater River where they may potentially impact its high-value ecological system. Many of the soil
contaminants of ecological concern are particulate-bound and may migrate to the Stillwater River via
runoff.
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4.4.5 Uncertainty Assessment

There are several factors that contribute to the uncertainty related to the overall assessment of
risk at the GRL site. These factors are discussed in detail below. '

The surface water of the Stillwater River was not sampled and therefore, the pathway of site
contaminants to surface water could not be evaluated in the SRE. based on the low levels of
contaminants detected in sediment samples and the large volume of water in the Stillwater River, it is
unlikely that high levels of COPC would be detected in surface water. However, the level of impact
from the site to the Stillwater River can not be accurately assessed without actual sampling and analysis
of surface water.

Nine of the COPC detected in surface soil samples do not have screening benchmark values
available in literature. Therefore, the levels of these contaminants could not be screened to determine if
the detected concentrations are above levels of ecological concern. This risk evaluation was unable to
determine if these nine contaminants detected in soil are contaminants of ecological concern at the GRL
site. ‘ |

Only eight surface soil samples were collected on-site, and two background surface soil samples
were collected in the vicinity of the site. The GRL site is approximately 15 acres. It is likely that the
cight surface soil samples have not adequately characterized soil contamination at the site. As two site-
specific background samples are not a sufficient number of samples to conduct statistical analysis,
literature values were used for background comparisons of inorganic analytes. The values obtained from
the literature apply to broad general areas, whjch introduces uncertainty. For most of the inorganic
ané]ytes, the general background values are lower than the site-specific values. Therefore, it is unlikely
that the use of general background levels for inorganics in soil is less stringent than using the actual data
from the two samples.

Future land use at the GRL site is not known, and, therefore, the future of site habitats is not
known. It is possible that the old field and barren land areas could revert to habitats of moderate
ecological value if left undisturbed for a long period of time.

4.5 Conclusions

Although several contaminants in soil are present above ecological concern levels, the low
contaminant concentrations in sediments and the high quality fish and benthic macroinvertebrate analysis
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results from the Stillwater River indicate that GRL site soil contaminants are not negatively impacting the )
ecology of the Stillwater River. The Stillwater River is an ecologically significant habitat and preventing
site impacts to it should be made a top priority for the selection of remedial alternatives for the GRL site.

It is important to prevent the contaminants in soils from reaching the Stillwater River. Future .
actions at the site should take into account the ecological importance of the northern riverine forest as a
crucial riparian zone to the Stillwater River and every effort should be made to limit the disturbance to
this crucial habitat. -
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Table 3-3

CHEMICALS OF POTENTIAL CONCERN IN SOIL AND SEDIMENT
STREAMLINED HUMAN HEALTH RISK EVALUATION
GARLAND ROAD LANDFILL SITE

Chemical Surface Soil Sediment ) *

Aroclor 1221 X

1| Arocior 1248

Aroclor 1254

Arsenic

. Beryllium
( - ’ Benzo(a)anthracene

——

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)peryiene

Dieldrin

Indeno(1.2.3-cd)pvrene

Lead

Mercury

bl o
I

Methylene Chloride

Phenanthrene

X
X
X
X
X
X
X
X
Bis(2-ethylhexyl)phthalate ' X X
X
X
X
X
X
X
X
X

Trichloroethene

recycled paper eccology and environment
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Table 3-5

CANCER RISKS AND HAZARD INDICES CORRESPONDING TO SAMPLE
QUANTITATION LIMIT FOR AROCLOR 1254 IN FISH TISSUE SAMPLES

FROM THE STILLWATER RIVER
Intake Equation:
Intake (mg/kg-day) = Cf x IR x FI x ED x EF
BW x AT B
where:

Cf = Chemical concentration in fish (mg/kg)

IR = Ingestion Rate (kg/day) Average Daily Fish Consumption

FI = Fraction of fish consumption from contaminated source (unitless)
ED = Exposure duration (years)

EF = Exposure frequency (events/year)
BW = Body weight (kg)

AT = Averaging time (days)

e
m Case Value Rationale/Source)
Cf

Child/Adult RME 0.049 mg/kg (sample quantitation limit for Aroclor 1254)
IR Child/Aduit RME 0.054 kg/day ( Average daily consumption; EPA 1991a) jl
FI Child/Adult RME 0.5 (assumed) "
EF Child/Adult RME 350 days/year (EPA 1991a) jl
ED Child RME 6 years (entire duration of age group) I’
Adult RME 24 years (adult portion of time spent at one residence)
BW Child RME 15 kg (average body weight for age group; EPA 1989a)
Adult RME 70 kg (average: EPA 19892)
AT Child/Adult RME Pathway-specific period of exposure for noncarcinogenic effects

(i.e, ED x 365 days/year) and 70-year lifetime for carcinogenic
effects (i.e., 70 years x 365 days/year) (EPA 1989a)

Cancer Slope Child/Adult - 2.0 (mg/kg-day)

Factor (SF) . .

Oral Reference Child/Adult - 2.0 E-5 (mg/kg-day)

Dose (RfD)

Estimated Child RME 14ES

Cancer Risk Adult 12 E-S

(Intake x SF) Cumulative 2.6 E-5

Estimated Non- | Child RME 42

cancer Risk Adult 0.91

(Intake/RfD) Cumulative S.11
e

\M—_____“;J\_—

Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recycled paper evology and environment
05:ZJ7903 7
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Table 3-6

EXPOSURE POINT CONCENTRATIONS FOR CHEMICALS OF POTENTIAL CONCERN
IN SOIL AND SEDIMENT :

STREAMLINED HUMAN HEALTH RISK EVALUATION
GARLAND ROAD LANDFILL SITE

Chemical Surface Soil Sediment ’
Aroclor 1221 - 36
Aroclor 1248 6.1 -
Aroclor 1254 5 -
Arsenic 11 7.7

( ) Beryllium 0.67 0.64

f Benzo(a)anthracene 1.5 0.12

Benzo(a)pyrene 1.2 -
Benzu(b)fluoranthene 1 0.21
Benzo(k)fluoranthene 1.2 -
Bis(2-ethylhexyl)phthalate 19 0.21
Benzo(g,h,i)perylene 0.57 -
Dieldrin 0.064 -
Indeno(1,2,3-cd)pyrene 0.56 -
Lead 1,100 34
Mercury 0.66 0.08
Methylene Chloride 0.04 -
Phenanthrene 26 0.39
Trichloroethene 0.051 -
— = Not applicable.

¢

recycled paper

eccology and emironment
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Table 3-7

CURRENT TRESPASSER SCENARIO: INCIDENTAL INGESTION OF ON-SITE SOIL
STREAMLINED HUMAN HEALTH RISK EVALUATION
GARLAND ROAD LANDFILL SITE

Intake (mg/kg-day) = CS x IR x CF x FI x ED x EF
BW x AT ‘

where:

CS = Chemical concencmio_g in soil (mg/kg)

CF = Conversion factor (10 ~ kg/mg)

I IR = Ingestion Rate (mg soil/day)

FI = Fraction ingested from contaminated source (unitless)

EF = Exposure frequency (events/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (days) _

m _ . Value (Rationale/Source

CS Adolescent RME Exposure point concentration in soil.

IR Adolescent RME 100 mg/day ( age groups greater than 6 vears old: EPA 1991a)

FI Adolescent RME 1.0 (assumes all of ingested soil is from the site).

EF Adolescent RME . 48 days/year (see text)

ED Adolescent RME 8 years (entire duration of age group: see text)

BW Adolescent RME 42 kg (average body weight fwoup: EPA 1989a)

AT Adolescent | RME Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1989a)

_—_——

Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recycled paper ceology and environment
05:2J7903_C9570-03/26/97
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Table 3-8

CURRENT TRESPASSER SCENARIO: DERMAL CONTACT WITH SOIL
STREAMLINED HUMAN HEALTH RISK EVALUATION

GARLAND ROAD LANDFILL SITE
IWI

Equation:
Intake (mg/kg-day) = CS x CF x SA x AF x ABS x EF x ED
BW x AT
where
CS = Chemical concentmiog in soil (mg/kg)
CF = Conversion factor (10 ~ kg/mg) 2
SA = Skin surface area available for contag (cm”/event)
AF = Soil to skin adherence factor (mg/cm”)
ABS = Absorption factor (unitless)
EF = Exposure frequency (events/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (days)

Variable » Value (Rationale/Source

CS Adolescent RME Exposure point concentration in soil

SA Adolescent RME 3.313 (average total skin area for males ages 8-16. x 25%: EPA 1992)

AF Adolescent | RME 1.0 mg/cm’ (EPA 1992)

ABS Adolescent RME Chemical-specific value (see text) (EPA 1992)

EF Adolescent RME 48 days/year (see text)

ED Adolescent RME 8 years (entire duration of age group: see text)

BW Adolescent RME 42 kg (average body weight for age proup: EPA 1989a)

AT Adolescent RME Pathway-specific period of exposure for noncarcinogenic effects (i.c., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.c., 70
years x 365 days/vear) (EPA 1989a) _ —

Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recycled paper ecology and emvironment
05:257903_C9570-03/26/97
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Table 3-9

CURRENT TRESPASSER SCENARIO: INHALATION OF PARTICULATES FROM SOIL
STREAMLINED HUMAN HEALTH RISK EVALUATION

[ GARLAND ROAD LANDFILL SITE
Equation: . :

Intake (mg/kg-day) = CS x ED x EF x IR, x (I/PEF)
BW x AT

CS = Chemical concemratio_g in soil (mg/kg)
CF = Conversion factor (10" kg/mg)
EF = Exposure frequency (events/year)
ED = Exposure duration, (years)
= Inhalation rate (m™/day)

PEF = Particulate Emission Factor (mgslkg)
BW = Body weight (kg)
AT = Averaging time (days)

: Value (Rationale/Source

Adolescent RME Chemical concentration in soil
IR, Adolescent | RME 20 m°/day (EPA 1991a)
PEF Adolescent | RME 13 x 10 mkg (calculated: EPA 1991b)
EF Adolescent RME 8 days/year (48 days per year adjusted for portion of day spent on site

- [16%)] see text)
ED Adolescent RME 8 years (entire duration of age group: see text)
BW Adolescent RME 42 kg (average body weight for age group: EPA 1989a)
AT Adolescent RME Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
: x 365 days/year) and 70-year lifetime for carcinogenic effects (i.c., 70
years x 365 dagxear) (EPA 1989a)

Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

ecology and emvironment

recycled paper
oszmo:_cmo-ovx:m
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AT = Averaging time (days)
L varisbte | Receptor | case | Value (Rationale/Source)
CS

Page 1 of |
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Table 3-10
CURRENT TRESPASSER SCENARIO: INHALATION OF VAPORS FROM SOIL
STREAMLINED HUMAN HEALTH RISK EVALUATION
GARLAND ROAD LANDFILL SITE

Equation:
Intake (mg/kg-day) = CS x ED x EF x IR, x (I/VF)
BW x AT
where:

CS = Chemical conccnmiqg in soil (mg/kg)
CF = Conversion factor (10 ~ kg/mg)

EF = Exposure frequency (events/year)

" ED = Exposure duration (years)

IR, = Inhalation rate (m”/day) 3
VF = Soil-to-Air volatilization factor (mg”/kg)
BW = Body weight (kg)

Case
Adolescent RME Chemical concentration in soil
R, Adolescent | RME 20 m°/day (EPA 1991a)
VF " | Adolescent | RME Chemical specific
EF Adolescent RME 8 days/year (48 days per year adjusted for portion of day spent on site
[16%] see text)
ED Adolescent RME 8 years (entire duration of age group: see text)
BW Adolescent RME 42 ke (. average body weight for age group: EPA 1989a)
AT Adolescent RME Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
. x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/vear) (EPA 1989a)
D e
Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recycled paper eceology and environment
05:2J7903_C9570-08/03/97
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Table 3-11 A

CURRENT RECREATIONAL SCENARIO: INCIDENTAL INGESTION OF SEDIMENT
STREAMLINED HUMAN HEALTH RISK EVALUATION
[ GARLAND ROAD LANDFILL SITE ﬂ
Equation:
Inzake (mg/kg-day) = CS x JR x x Ff x x EF
BW x AT
where:
CS = Chemical conccntmio_g in sediment (mg/kg)
CF = Conversion factor (10 kg/mg)
IR = Ingestion Rate (mg soil/day)
FI = Fraction ingested from contaminated source (unitless)
EF = Exposure frequency (events/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (days)
Variable Receptor Case Value (Rationale/Source)
CS Child/Adult | RME Exposure point concentration in sediment.
IR Child RME 200 mg/day (children 0-6 years old; EPA 1991a)
Adult RME 100 w than 6 years old: EPA 1991a)
FI Child/Adult | RME 1.0 (assumes all of ingested sediment is from the site).
EF Child RME 72 days/year (see text)
Adult RME - 48 days/year
ED Child RME 6 years (entire duration of age group; see text)
Adult RME 24 vears (adult portion of time spent at one residence)
BW Child RME 15 kg (average body weight for age group; EPA 1989a)
Adult RME 70 kg (average: EPA 1989a)
AT Child/Adult | RME Pathway-specific period of exposure for noncarcinogenic effects (i.c., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.c., 70
years x 365 davs/;ee.r) sEPA 1989a)

Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recycled paper ceology and environment
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Table 3-12
CURRENT RECREATIONAL SCENARIO: DERMAL CONTACT WITH SEDIMENT
STREAMLINED HUMAN HEALTH RISK EVALUATION
L GARLAND ROAD LANDFILL SITE [
M
Equation:
Intake (mg/kg-day) = CS x CF x S4 x AF x ABS x EF x ED
BW x AT
where:
CS = Chemical concenu'aﬁqg in sediment (mg/kg)
CF = Conversion factor (10 ~ kg/mg) 2
SA = Skin surface area available for contagy (cm"/event)
AF = Soil to skin adherence factor (mg/cm”)
ABS = Absorption factor (unitless)
EF = Exposure frequency (events/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (da:
| Variable Receptor Case Value (Rationale/Source
CS Child/Adult | RME Exposure point concentration in sediment
SA Child RME 1,750 cm® (average total skin area for child ages 2-6, x 25%; EPA 1992)
Adult 5,000 cm® (average total skin area for an adult, x 25%: EPA 1992)
AF Child/Adult | RME 1.0 m&{t:rn2 (EPA 1992)
ABS Child/Adult | RME Chemical-specific value (see text) (EPA 1992)
EF Child RME 72 days/year (see text)
Adult 48 days/year
ED Child RME 6 years (entire duration of age group; see text)
Adult RME 24 years (adult portion of time spent at one residence)
BW Child RME 15 kg (average body weight for age group; EPA 1989a)
Adult RME 70 kg (average; EPA 1989a)
AT Child/Adult | RME Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1989a)
———ee e
Key:
EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.
recycled paper ceology and ensironment
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Table 3-13

FUTURE RECREATIONAL USE SCENARIO: INCIDENTAL IN GESTION OF ON-SITE SOIL
STREAMLINED HUMAN HEALTH RISK EVALUATION
' GARLAND ROAD LANDFILL SITE

Intake (mg/kg-day) = CS x IR x CF x FI x ED x EF
- BW x AT

CS = Chemical coneentratiqg in soil (mg/kg)
CF = Conversion factor (10 ~ kg/mg)

IR = Ingestion Rate (mg soil/day)

FI = Fraction ingested from contaminated source (unitless)
EF = Exposure frequency (events/year)
ED = Exposure duration (years)

BW = Body weight (kg)
AT = Averaging time (da

CS Child/Adult | RME Exposure point concentration in soil.
R Child RME 200 mg/day (children 0 to 6 years old; EPA 1991a) TI
Adult RME 100 Mgoups _greater than 6 vears old: EPA 1991a)
FI N Child/Adult | RME 1.0 (assumes all of ingested soil is from the source).
EF Child RME 72 days/year (see text)
Adult RME 48 days/year
ED Child RME 6 years (entire duration of age group; see text) |
Adult 24 years (adult portion of time spent at one residence)
BW Child RME 15 kg (average body weight for age group; EPA 1989a)
Adult RME 70 kg (average; EPA 1989a)
AT Child/Aduit | RME Pathway-specific period of exposure for noncarcinogenic effects (i.c., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.c., 70
years x 365 days/year) (EPA 1989a)
Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recycled paper eccology and emvironment
05:2J7903_C9570-03/26/97 .



BW = Body weight (kg)
AT = Averaging time (days)
L varisble | Reesptor | case ] ____Value (Rationale/Source ’
S
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Table 3-14

FUTURE RECREATIONAL USE SCENARIO: DERMAL CONTACT WITH SOIL
STREAMLINED HUMAN HEALTH RISK EVALUATION

L GARLAND ROAD LANDFILL SITE !
Equation:

Intake (mg/kg-day) = CS x CF x SA x AF x ABS x EF x
BW x AT
where:

CS = Chemical concenmniqg in soil (mg/kg)

CF = Conversion factor (10 kg/mg) 2

SA = Skin surface area available for contag (cm”/event)
AF = Soil to skin adherence factor (mg/cm™)

ABS = Absorption factor (unitless)

EF = Exposure frequency (events/year)

ED = Exposure duration (years)

C Child/Adult | RME Exposure point concentration in soil
SA Child RME 1,750 cm? (average total skin area for child ages 2-6, x 25%; EPA 1992)
Adult RME 5,000 cm” (average total skin area for an adult. x 25%; EPA 1992)

AF Child/Adult | RME 1.0 mg{crn2 (EPA 1992)

ABS Child Adult | RME Chemical-specific value (see text) (EPA 1992)

EF Child RME 72 days/year (see text)

Adult RME 48 days/year

ED Child RME 6 years (entire duration of age group; see text)

Adult RME 24 years (adult portion of time spent at one residence)

BW Child RME 15 kg (average body weight for age group; EPA 1989a)

Adult RME 70 kg (average: EPA 19892) ’

AT Child/Adult | RME Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1989a)

Key: .

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recyc’ed paper t'l'olug_\ and environment
05.2J7903_C9570-03126/97
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Table 3-15

FUTURE RECREATIONAL USE SCENARIO:
INHALATION OF PARTICULATES FROM SOIL

" STREAMLINED HUMAN HEALTH RISK EVALUATION

GARLAND ROAD LANDFILL SITE

Equation:
Intake (mg/kg-day) = CS x ED x EF x IR,, x (I/PEF)
BW x AT
where:

CS = Chemical concenuatiqg in soil (mg/kg)
CF = Conversion factor (10~ kg/mg)

EF = Exposure frequency (events/year)

ED = Exposure dumﬁors(ym)

IR, = Inhalation rate (m”/day)

PEF = Particulate Emission Factor (mg”/kg)
BW = Body weight (kg)

AT = Averaging time (da

Case | o
CS Child/Adult | RME Chemical concentration in soil
| IR, Child/Adult | RME 20 m3/day (EPA 1991a)

PEF Child/Adult | RME 1.3 x 10'9 mlkg (calculated) jl
EF Child RME 18 days/year (see text)

Adult RME 12 days/year
ED Child RME 6 years (entire duration of age group; see text)

Adult RME 24 years (adult portion of time spent at one residence)
BW Child RME 15 kg (average body weight for age group; EPA 1989a) ‘”

Adult RME 70 kg (average: EPA 1989a)
AT Child/Adult | RME Pathway-specific period of exposure for noncarcinogenic effects (i.c., ED

| * 365 days/year) and 70-year lifetime for carcinogenic effects (i.c., 70
ears x 365 ear) (EPA 1989a)

Key:

EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.

recycled paper ceology and emvironment
05.2J7903_C9570-03/26/97
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Table 3-16
FUTURE RECREATIONAL USE SCENARIO: INHALATION OF VAPORS FROM SOIL
STREAMLINED HUMAN HEALTH RISK EVALUATION
GARLAND ROAD LANDFILL SITE
Equation:
Intake (mg/kg-day) = CS x ED x EF x IR, x (1/VE)
BW x AT

where: -

CS = Chemical concentmio.g in soil (mg/kg)

CF = Conversion factor (10 kg/mg)

EF = Exposure frequency (events/year)

ED = Exposure duration, (years)

IR,, = Inhalation rate (m /day) 3

VF = Soil-to-Air volatilization factor (mg /kg)
BW = Body weight (kg)

AT = Averaging time (days)

Variable tor Case Value (Rationale/Source
CS Child/Adult | RME Chemical concentration in soil

| IR, Child/Adult | RME 20 mslday (EPA 1991a)
VF Child/Aduit | RME Chemical specific
EF Child RME 18 days/year (see text)
Adult 12 days/year

ED Child RME 6 years (entire duration of age group)

Adult 24 years (adult portion of time spent a t one residence)

BW Child RME 15 kg (average body weight for age group; EPA 1989a)

Adult 70 kg (avciaggody weight; EPA 1989a)

AT Child/Adult | RME Pathway-specific period of exposure for noncarcinogenic effects (i.e., ED
x 365 days/year) and 70-year lifetime for carcinogenic effects (i.e., 70
years x 365 days/year) (EPA 1989a)

Key:
EPA = United States Environmental Protection Agency.
RME = Reasonable maximum exposure.
recycled paper ecology and environment
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Table 3-17

WEIGHT-OF-EVIDENCE
CATEGORIES FOR CHEMICAL CARCINOGENICITY
STREAMLINED HUMAN HEALTH RISK EVALUATION
GARLAND ROAD LANDFILL SITE

e ——v————————
“ “

A Human Carcinogen

B Probable Human Carcinogen: W
Bl: Limited human data are available.
B2: Sufficient evidence in animals or no evidence in humans,
Possible Human Carcinogen

D

Not Classifiable

Source: EPA 1986¢.

recycled paper
05:2J7903_C9570-0372697-D1

E Evidence of Noncarcinogenicity for Humans
%

ecology and environment
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Gizzard Shad

FISH REPORTED IN THE STILLWATER RIVER

IN THE VICINITY OF THE GARLAND ROAD LANDFILL SITE
BY OHIO ENVIRONMENTAL PROTECTION AGENCY OEPA)

J Dorosoma cepedianum

Page 1 of 2

\ﬁ-—\
Table 4-1

Quillback Carpsucker

Carpiodes cyprinus

Black Redhorse Moxostoma duguesnei
Golden Redhorse Moxostoma ervthrurum
Shorthead Redhorse Moxostoma macrolepidorum
River Redhorse Moxostoma carinatum
Northern Hog Sucker Hypentelium 1 nigricans
White Sucker Catostomus commersoni
Spotted Sucker Minytrema melanops
Common Carp Cyprinus carpio

Golden Shiner Notemigonus crysoleucas
River Chub Nocomis micropogon _
Creek Chub Semotilus thoreauianus
Silver Shiner Notropis shumardi
Rosyface Shiner Notropis rubellus

Striped Shiner Luxulus chrvsocephalus
Spotfin Shiner Notropis spilopterus
Sand Shiner Notropis stramineus
Bluntnose Minnow Pimephales notatus
Central Stoneroller Campostoma anomalum
Channel Catfish Ictalurus punctatus

Yellow Bullhead Ictalurus naralis
Brown Bullhead Ictalurus nebulosus
Black Bullhead Ictalurus melas
Stonecat Madtom Notorus flavus
White Crappie Pomoxis annularis

recycled paper

Rock Bass Ambloplites rupestris
Smallmouth Bass Micropterus dolomieui ,

eccology and enviconment
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Table 4-1

FISH REPORTED IN THE STILLWATER RIVER
GARLAND ROAD LANDFILL SITE

L BY OHIO ENVIRONMENTAL PROTECTION AGENCY (OEPA) l

IN THE VICINITY OF THE

Page 2 of 2

Scientific Name

| _Largemouth Bass Micropterus salmoides
Green Sunfish Lepomis cyanellus
ﬁ_u_cgill Sunfish Lepomis macrochirus
Lransgponed Sunfish Lepomis humilis
ﬂear Sunfish Lepomis s megalotis
Green Sunfish X Bluegill Lepomis cyanellus X macrochirus
Longear Sunfish X Bluegill Lepomis  megealotis X macrochirus
Blackside Darter Percina maculata
| _Logperch Percina caprodes j,
\ Johnny Darter Etheostoma nigrum ]I
/ Greenside Darter Etheostoma blennioides ,
Banded Darter Etheostoma zonale 4

Source: OEPA 1995

recycled paper

Rainbow Darter Etheostoma caeruleum "
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VEGETATION OBSERVED

Table 4-2 |

AT THE GA

RLAND ROAD LANDFILL SITE

Page 1 of 1

Eastern Sycamore Platanus occidentalis
Common Mullein Verbascum thapsis OF

,Lﬂ'EE' Maple Acer saccharum OF.NRF
Red Maple Acer rubrum OF NRF
Silver Maple Acer saccharinum NRF
Goldenrod species Solidago spp. OF
Flowering Dogwood Cornus florida OF
Tree-of-Heaven Ailanthus altissima’ OF
Eastern Cottonwood Populus deltoides OF.NRF
Queen Anne's Lace Daucus carota OF

" Paper Birch Betula papyrifera OF

I Eastern Redcedar Juniperus virginiana OF
Tartarian Honeysuckle Lonicera tatarica OF
Black Willow Salix nigra_ OF.NRF

| Begpar Ticks Bidens frondosa OF
Swamp White Oak Quercus bicolor NRF

I Northern Hackbﬁﬁ Celtis occidentalis NRF

————— ]

Key:

OF =0Id Field
NRF = Northern Riverine Forest

recycled paper
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Table 4-3

BIRDS OBSERVED OR POTENTIALLY EXISTING AT THE GARLAND ROAD LANDFILL SITE

Page 1 of 3

Observed

recycled paper

American Crow Corvus brachyrhynchos Y X
" Dark-eyed Junco Junco hyemalis OF W X
} "_&ﬂg Sparrow Melospiza melodia OF Y X
Northen Cardinal Cardinalis cardinalis OF Y X
Downy Woodpecker Picoides pubescens OF NRF Y X
Northern Mockingbird Mimus polyglottos OF.NRF Y X
Pileated Woodpecker Dryocopus pileatus NRF Y X
Belted Kingfisher Cervle alcyon NRF.SR Y X
Tufted Titmouse Parus bicolor OF Y X
Rufous-sided Towhee Pipilo erythrophthalmus OF.NRF Y X
Purple Finch Carpodacus purpureus OF w X
White-breasted Nuthatch Sitta carolinensis OF Y X
Carolina Chickadee Parus carolinensis OF Y X
Turkev Vulture Cathartes aura OF S X
Mallard Anas platyrhynchos SR Y
Canada Goose Branta canadensis SR Y
Great Blue Heron Ardea herodias SR S
Green-backed Heron Butorides striatus NRF S
Mourning Dove Zenaida macroura OF Y
Wood Duck Aix sponsa SR S
Spotted Sandpiper Actitis macularia SR S
Killdeer Charadrius vociferus OF Y
Red-tailed Hawk Buteo jamaicensis OF.NRF Y
Brown-headed Cowbird Molothrus ater OF Y
Chipping Sparrow Spizella passerina OF.NRF S
Field Sparrow Spizella pusilla OF Y
Common Grackle Quiscalus quiscula OF Y
Ea;stcm Meadowlark Sturnella magna OF Y

ceology and environment
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Table 4-3

BIRDS OBSERVED OR POTENTIALLY EXISTING AT THE GARLAND ROAD LANDFILL SITE

Gray Catbird Dumetella carolinensis OF S
Brown Thrasher Toxostoma rufum OF S
American Robin ° Turdus migratorius OF S
Blue-gray Gnatcatcher Polioptila caerulea OF NRF S
Hairy Woodpecker Picoides villosus OF.NRF Y
Red-bellied Woodpecker Melanerpes carolinus NRF Y
European Starling Sturnus vulgaris OF Y
Great-crested Flycatcher Myiarchus crinitus OF NRF S
Northern Flicker Colaptes auratus NRF Y
Golden-crowned Kinglet Regulus satrapa OF.NRF w
Eastern Bluebird Sialia sialis OF.NRF Y
Red-eyed Vireo Vireo olivaceus OF.NRF S
American Redstart Setophaga ruticilla OF.NRF S
Scarlet Tanager Piranga olivacea: OF.NRF S
|_Indigo Bunting Passerina cyanea OF.NRF S
Orchard Oriole Icterus spurius OF.NRF S
Northern Oriole Icterus galbula OF .NRF S
American Kestrel Falco sparverius OF Y
Eastern Kingbird Tyrannus tyrannus OF S
Homed Lark Eremophila alpestris OF Y
American Goldfinch Carduelis tristis OF Y
Eastern Phoebe Sayornis phoebe OF.NRF N
Tree Swallow Tachycineta bicolor OF.NRF S
Common Yellowthroat Geothlypis trichas OF.NRF S
House Wren Troglodytes aedon OF.NRF S
Carolina Wren Thryothorus ludovicianus OF Y
Chimney Swift Chaetura pelagica OF S
Ycllow-billed Cuckoo Coccyzus americanus OF S
Prothonotary Warbler Protonotaria citrea OF.NRF S

recycled paper

ceology and environment




Table 4-3

Page 3 of 3

BIRDS OBSERVED OR POTENTIALLY EXISTING AT THE GARLAND ROAD LANDFILL SITE

___Common Name

| sexson | obaerved

Blue-winged Warbler Vermivora pinus OF,NRF S
Cerulean Warbler Dendroica cerulea OF,NRF S
Yellow Warbler Dendroica petechia OF NRF S
Kentucky Wubl;r @oromk formosus OF NRF S
Hooded Warbler Wilsonia citrina OF.NRF S
Grasshopper Sparrow Ammodramus savannarum OF S
Vesper Sparrow Pooecetes gramineus OF S
Savannah Sparrow Passerculus sandwichensis OF S
White-throated Sparrow Zonorrichia albicollis OF w
Red-winged Blackbird _Agelaius phoeniceus OF .NRF Y
Cedar Waxwing Bombycilla cedrorum OF Y
Wood Thrush Hylocichla mustelina NRF S
Blue Jay Cvanocitta cristata OF NRF Y
Eastern Wood-pewee Contopus virens NRF S
Yellow-breasted Chat Icteria virens S
White-eved Vireo S
Key:
OF =0ld Field
NRF = Northern Riverine Forest

SR = Stillwater River

Y = Year-round resident

S = Summer resident only

W = Winter resident only

X = Species was observed on November 21, 1996

recycled paper ccology and enviconment



Page 1 of 1

Table 44
MAMMALS POTENTIALLY EXISTING AT GARLAND ROAD LANDFILL SITE
Common Name Scientific Name Habitat
Shornail Shrew Blarina brevicauda
Least Shrew Cryprotis parva OF.NRF !
Opossum Didelphis marsupialis OF.NRF
|LLBig Brown Bat Eptesicus fuscus NRF
Southem Flying Squirrel Glaucomys volans NRF
Silver-haired Bat Lasionycteris noctivagans NRF
Red Bat Lasiurus borealis NRF
Hoary Bat Lasiurus cinereus NRF
Woodchuck Marmota monax NRF
Striped Skunk Mephitis mephitis OF NRF
Meadow Vole Microtus pennsyivanicus OF.NRF
Mink Mustela vison NRF.SR
Keen's Bat Myotis keeni NRF
Little Brown Bat Myotis lucifugus NRF
Evening Bat Nycticeius humeralis NRF
Muskrat Ondatra zibethica NRF
White-footed Mouse Peromyscus leucopus OF
Eastern Pipistrel Pipistrellus subflavus NRF
Raccoon Procyon lotor OF. NRF
Eastern Mole Scalopus aguaticus OF. NRF
Eastern Gray Squirrel Sciurus carolinensis NRF
Eastern Cottontail Svivilagus floridanus OF. NRF
Eastern Chipmunk Tamias striatus OF. NRF
Red Squirrel Tamiasciurus hudsonicus NRF
Meadow Jumping Mouse Zapus hudsonius OF. NRF
Deer Mouse Peromyscus maniculatus OF. NRF
Prairie Vole Microtus ochrogaster OF, NRF
Whitetail Deer Odocoileus virginianus OF. NRF

Key:
OF = 0Old Field
NRFi9d6t#&n Riverine Forest
SR = Stillwater River

ccology uad emvironment
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Table 4-5
REPTILES AND AMPHIBIANS POTENTIALLY EXISTING AT THE GARLAND ROAD LANDFILL SITE
Common Name _
Snapping Turtle Chelvdra serpentina serpentina
Common Musk Turtle Sternotherus odoratus SR
Common Map Turtle Graptemys geographica SR
Midland Painted Turtle Chrysemys picta marginata SR
Eastern Box Turtle Terrapene carolina carolina OF NRF
Eastern Spiny Softshell Apalone spinifera spinifera SR
Five-lined Skink Eumeces fasciatus SR
Midland Water Snake Nerodia sipedon pleuralis SR
ueen Snake Regina septemvittata SR.NRF
Eastern Garter Snake Thamnophis sirtalis sirtalis OF .NRF
Northern Brown Snake Storeria dekayi dekavi SR.NRF
o ; Blue Racer Coluber constrictor foxii OF
‘ ) '1 Black Rat Snake Elaphe obsoleta obsoleta OF.NRF
’ Eastem Milk Snake Lampropeitis triangulum triangulum OF.NRF
Mudpuppv Necturus maculosus maculosus SR
Red-spotted Newt Notophthalmus viridescens viridescens SR
Smallmouth' Salamander Ambystoma texanum SR
Eastern Tiger Salamander Ambystoma tigrinum  tigrinum SR
Jefferson Salamander Ambystoma jeffersonianum SR
Spotted Salamander Ambystoma maculatum SR
Redback Salamander Plethodon cinereus SR
Ravine Salamander Plethodon richmondi SR
Southern Two-lined Salamander Eurycea cirrigera_ SR
Longtail Salamander Eurycea longicauda longicauda SR
American Toad Bufo americanus OF NRF.SR
Fowler's Toad Bufo woodhousii fowleri SR.NRF
Gray Treefrog Hyla versicolor SR.NRF
Western Chorus Frog Pseudacris triseriata triseriata SR.NRF.OF
Northern Spring Peeper Pseudacris crucifer crucifer SRNRF,OF
recycled paper cevlugs and emvireonment
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Table 4-5

REPTILES AND AMPHIBIANS POTENTIALLY EXISTING AT THE GARLAND ROAD LANDFILL SITE

| commonnme | seesvme | b

Blanchard's Cricket Frog Acris crepitans blanchardi . SR.NRF
Green Frog. Rana clamitans melanota SR.NRF —"
Bullfrog : Rana catesbeiana SR.NRF "
Northern Leopard Frog Rana pipiens OF.NRF.SR “
Pickerel Frog Rana palustris OF NRF.SR "
Wood o Rana sylvatica OF.NRF.SR
Key:
OF =O0ld Field
NRF = Northern Riverine Forest

SR =Stillwater River

recycled paper ecology und emvironment
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L\
PFO1A  Palustrine Forested Broad-leaved
- Deciduous Temporarily Flooded
. ecology and environment, inc.
PUBFx Palustrine Unconsolidated Botom 33 North Dearbors Screse, Swice 900, Chicagn, Mincs 60602
e ™ Wetland Inventory Map
"™ Garland Road Landfill
- West Milton m Ohio
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Legend ecology and environment, inc.

3 North Dearborn Stras, Suic 500, Chicaga, Blianis §06T2

—  Direction of surface water flow \ — —
: Surface Drainage Map 4-2
I steep stope ™ Garland Road Landfill Tinch = 345 foet
B arr STATR -]
West Milton Ohio S05-9609-002
500 feet Ecology and Environment. Inc. ===
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ecology and enviromment, inc.
33 North Dearbora Screet, Swise 900, Chicagn, llimois €062
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Legend

Gn - Genesee silt loam

ML - Made land .

EmA - Eldean silt loam, 0 to 2 percent slopes

EmB - Eldean silt loam, 2 to 6 percent slopes

E1B - Eldean loam, 2 to 6 percent slopes

E1B2 - Eldean loam, 2 to 6 percent slopes, moderately eroded
WeA - Wea ssilt loam, O to 2 percent slopes

Wt - Westland silty clay loam ’ )
MpB - Milton silt loam, 2 to 6 percent slopes "
MpC2 - Milton silt loam, 6 to 12 percent slopes, moderately eroded
GP - Gravel pit

MhB - Miamian silt loam, 2 to 6 percent slopes

MmE - Miamian and Hennepin silt loams, 18 to 25 percent slopes

...... - Approximate site boundary
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AGR
TCU
N ~ — - AGR
. Legend _ _
ecology and environment, inc.

AGR - Agricultural £) 33 North Deartuors Screee. Suwise 300, Chicago, Miimnis €082
FOR - Forest land e Land Use Map MOuRE ¢ o
TCU - Transportation, _— o

communications, and utilities [ Satod Road Landfil_ m____-—%—'—
STR - Streams and canals West Milton Ohio | $05.9609.002
O - Open space Ecology and Environment, Inc. | =% n
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Table 2 Page 1(a)
Date Printed: October 3, 1996
Summary of Analytical Results for Soil Samples Time Printed: 5:00 pm
July 1996
Garland Road Landfill Site
Location: D3 D3 D-3
Depth: 0108 4060% 10.0-12.0 .
Sample ID: S-MK-001 S-MK-002 S-MK-004
Sampie Date: 123/6 12396 23096
Parameter CHEM GRP _Units S-MK001 __ Q S-MK-002 Q S-MK004 Q
1,1,1-TRICHLOROETHANE Volatile Organics  ug/kg sU 5U sU
1,1.22-TETRACHLOROETHANE Volatile Organics  ug/kg suU bRy 5U
1,1, 2-TRICHLOROETHANE Volatile Organics  ug/kg SuU 5U 5U
. 1,1-DICHLOROETHANE Volatile Organics  ug/kg sU sU suU
1,1-DICHLOROETHENE Volatile Organics  ug/kg 5U suU 5U
1.2-DICHLOROETHANE Volatile Organics  ugkg sU 5U sU
1,2-DICHLOROETHENE (TOTAL) Volatile Organics  ugikg 5U 5U su
1.2-DICHLOROPROPANE Volatile Organics  ug/kg suU su su
2-BUTANONE Volatile Organics  ug/kg 0 U souU sOU
2-HEXANONE Volatile Organics  ugkg 0U sOU soU
4-METHYL-2-PENTANONE- Volatile Organics  ug/kg soU sou souU
ACETONE Volatile Organics  ug/kg s0U souU 46
BENZENE Volatile Organics  ug/kg suU su sU
BROMODICHLOROMETHANE _ Volatile Organics  ug/kg suU su sU
BROMOFORM Volatile Organics  ug/kg 5U su 5U
BROMOMETHANE - Volatile Organics  ugkg 5U su sU
CARBON DISULFIDE Volatile Organics  ug/kg suU su suU
N TETRACHLORIDE Volatile Organics  ug/kg 5U 5uU sU
‘ _ALOROBENZENE Volatile Organics  ug/kg 5U 5U suU
HLOROETHANE Voiatile Organics  ugkg 10U 10U 10U
CHLOROFORM Volatile Organics  ug/kg suU suU sU
CHLOROMETHANE Volatile Organics  ug/kg 10U 1ou 10U
CIS-1.3-DICHLOROPROPENE Volatile Organics  ug/g sU suU suU
DIBROMOCHLOROMETHANE Volatile Organics  ug/kg su sU suU
ETHYLBENZENE Volatile Organics  ug/kg sU sU sU
METHYLENE CHLORIDE Volatile Organics  ug/kg suU suU suU
STYRENE Volatile Organics  ug/kg suU sU suU
TETRACHLOROETHENE Volatile Organics ~ ug/kg sU 5U - 5U
TOLUENE Volatile Organics  ug/kg sU suU sU
TRANS-1.3-DICHLOROPROPENE Volatile Organics  ug/kg suU s5U sU
TRICHLOROETHENE Volatile Organics  ug/kg 5U suU 217
VINYL CHLORIDE Volatile Organics  ug/kg U 10U 10U
XYLENES (TOTAL) Volatile Organics  ug/kg suU s5U su
1.2,4-TRICHLOROBENZENE Semi-volatile Organii ug/kg 30U 330U 330U
1,2-DICHLOROBENZENE Semi-volatile Organi« ug/kg 330U 330U 330U
1,3-DICHLOROBENZENE Semi-volatile Organi ug/kg 30U 30U 30U
1,4-DICHLOROBENZENE Semi-volatile Organi: ug/kg 330U 330U 330U
2,2-OXYBIS(1-CHLOROPROPANE) Semi-volatile Organic ug/kg 330U 330U 330U
2,4,5-TRICHLOROPHENOL Semi-volatile Organi ug/kg 330U 330U 330U
2,4,6-TRICHLOROPHENOL Semi-volatile Organi ug/kg 330U 30U 330U
2,4-DICHLOROPHENOL Semi-volatile Organi ug/kg 330U 330U 330U
2,4-DIMETHYLPHENOL Semi-volanile Organisuglkg - 330U 330U 330U
2,4-DINTTROPHENOL Semi-volatile Organi ug/kg 1600 U 1600 U 1600 U
2.4-DINTTROTOLUENE Semi-volatile Organi ug/kg 330U 330U 330U
2,6-DINITROTOLUENE Semi-volatile Organi ug/kg 330 U 330U 330U
2-CHLORONAPHTHALENE Semi-volatile Organis ug/kg 330U 330U 330U
2-CHLOROPHENOL Semi-volatile Organiiug/kg 330U 330U 330U
2-METHYLNAPHTHALENE Semi-volatile Organi: ug/kg 330U 30U BU
2-METHYLPHENOL Semi-volatile Organi ug/kg 330U 30U 330U
2-NITROANILINE Semi-volatile Organirug/kg 1600 U 1600 U 1600 U
2-NITROPHENOL Semi-volatile Organiiug/kg 30U 330U 330U
.~ *.DICHLOROBENZIDINE Semi-volatile Organirug/kg 1600 U 1600 U 1600 U
TROANILINE Semi-volatile Organiiug/kg 1600 U 1600 U 1600 U
DINTTRO-2-METHYLPHENOL Semi-volatile Organisug/kg 1600 U 1600 U 1600 U

ecology and environment
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4-BROMOPHENYL PHENYL ETHER Semi-volatile Organiiug/kg 30U - 330U 330U

4-CHLORO-3-METHYLPHENOL Semi-volatile Organi ug/kg 330U 30U 330U
4-CHLOROANILINE - Semi-volatile Organiug/kg 330U 330U 330U
4-CHLOROPHENYL PHENYL ETHER Semi-volarile Organiiug/kg 330U 330U 330U
4-METHYLPHENOL Semi-volatile Organirug/kg 33U 330U 330U
4-NITROANILINE Semi-volatile Organi ug/kg 1600 U 1600 U 1600 U
4-NITROPHENOL Semi-volatile Organiug/kg - 1600 U 1600 U 1600 U
ACENAPHTHENE Semi-volaile Organiug/kg 330U 330U 30U
ACENAPHTHYLENE Semi-volatile Organi-ug/kg 330U 330U 30U
ANTHRACENE Semi-volatile Organi:ug/kg 330U 330U 330U
BENZO(A)ANTHRACENE Semi-volatile Organiiug/kg 30U 330U 330U
BENZO(A)PYRENE Semi-volatile Organisug/kg 330U 330U 330U
BENZO(B)FLUORANTHENE Semi-volatile Organy ug/kg 30U 330U 330U
BENZO(GHIPER YLENE Semi-volatile Organiiug/kg 30U 30U 330U
BENZO(K)FLUORANTHENE Semi-volatile Organiiug/kg 30U 30U 330U
BIS(2-CHLOROETHOXY)METHANE Semi-volatile Organs ug/kg { 330U 330U 30U
BIS(2-CHLOROETHYL) ETHER Semi-volarile Organisug/kg 30U 330U 30U
BIS2-ETHYLHEXYL) PHTHALATE Semi-volatile Organisug/kg 2307 230 230J
BUTYL BENZYL PHTHALATE Semi-volatile Organisug/kg 330U 330U 30U
CARBAZOLE Semi-volatile Organi ug/kg 30U 330U 33U
CHRYSENE Semi-volatile Organi ug/kg 330U 330U 330U
DI-N-BUTYL PHTHALATE Semi-volatile Organi ug/kg 330U 330U 330U
DI-N-OCTYL PHTHALATE Semi-volatile Organiiug/kg 330U 330U 33U
DIBENZ(A.H)ANTHRACENE Semi-volatile Organi: ug/kg 30U 330U 330U
DIBENZOFURAN Semi-volatile Organi ug/kg kxR 330U 30U
DIETHYL PHTHALATE Semi-volatile Organi: ug/kg 330U 330U 330U
DIMETHYL PHTHALATE Semi-volatile Organii ug/kg 330U 30U 30U
FLUORANTHENE Semi-volatile Organi ug/kg 30U 330U 330U
FLUORENE Semi-volatile Organi: ug/kg 330U 30U 30U
HEXACHLOROBENZENE Semi-volatile Organi ug/kg 330U 330U 33U
HEXACHLOROBUTADIENE Semi-volatile Organis ug/kg 30U 30U 30U
HEXACHLOROCYCLOPENTADIENE Semi-volatile Organis ug/kg 1600 U ' 1600 U 1600 U
HEXACHLOROETHANE Semi-volatile Organi: ug/kg 30U 330U 30U
INDENO(1.2,3-CD)PYRENE Semi-volatile Organi ugkg 30U 30U 330U
ISOPHORONE Semi-volatile Organi+ ug/kg 330U 30U 330U
» N-NITROSODI-N-PROPYLAMINE Semi-volatile Organi ug/kg 330U 330U 330U
' N-NITROSODIPHENYLAMINE Semi-volatile Organi: ugfkg 330U kxR i) 330U
NAPHTHALENE Semi-volatile Organi: ug/kg 330U 330U 330U
NITROBENZENE Semi-volatile Organi+ ug/kg 330U 330U 330U
PENTACHLOROPHENOL Semi-volatile Organi ug/kg . 1600 U 1600 U 1600 U
PHENANTHRENE Semi-volatile Organii ugkg 30U 330U 330U
PHENOL Semi-volatile Organi: ug/kg 30U 330U 330U
PYRENE Semi-volatile Organi: ug/kg 30U 30U - 330U
4,4-DDD Pesticides ughkg 33U 33vu 33U
4.4-DDE - Pesticides ughkg 33U 33u 33u
4,4-DDT Pesticides ug/kg 33U 3u 33U
ALDRIN Pesticides ughkg 17U L7U l7vu
ALPHA-BHC Pesticides ughkg L7vu 17U 170
ALPHA-CHLORDANE Pesticides - ughkg L7U 17U 170
- BETA-BHC Pesticides ughkg 17U 17U 17U
DELTA-BHC Pesticides ughkg 17U 17U 170
DIELDRIN Pesticides uglkg 33U 33U 33U
ENDOSULFAN | Pesticides ug/kg 17U 17U 170
ENDOSULFAN II Pesticides ug/kg 33vu 3v 33U
ENDOSULFAN SULFATE Pesticides ug/kg 33U 33U 33U
ENDRIN Pesticides ugkg 3vu 33vu 33vu
ENDRIN ALDEHYDE Pesticides ug/kg 33U 33U 33U
ENDRIN KETONE Pesticides ugkg 33U 33U 33U
GAMMA-BHC (LINDANE) Pesticides ugkg 17U L7U 17U
GAMMA-CHLORDANE Pesticides ug/kg 17U 170 L.7U
HEPTACHLOR Pesticides ugkg 17U 17U 17U
HEPTACHLOR EPOXIDE Pesticides ug/kg 17U 17U 17U
METHOXYCHLOR Pesticides ugkg 17U 17U 17U
TOXAPHENE Pesticides ughkg 8su 83U 83U
AROCLOR 1016 PCBs ugkg 33U 33U 33U
AROCLOR 1221 PCBs ugkg 33U BU 33U
AROCLOR 1232 PCBs ug/kg BU 33U 33U
AROCLOR 1242 PCBs ugkg 33U 13U 33U
AROCLOR 1248 PCBs ugkg 3vuU 33U 33U
AROCLOR 1254 PCBs ug/kg 33U 33U 33U
) AROCLOR 1260 PCBs uglkg 33U 33U 33U
* ALUMINUM Metals mg/kg 6010 2890 1820
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BERYLLIUM
CADMIUM
CALCTUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SELENTUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

TOTAL CYANIDE
TOTAL SOLIDS (RESIDUE)

VERRRRRRRERRREREREREERS

PRERRRRRRRRRRRARRRAAEEE

General Chemistty % 85.5

4W\U:\DBASEGRP\CHEM\7000\7043\Table 2 - Summary of Analytical R

[

recycled paper

Not detected.
Not analyzed.

6U

20U

05U

05U
125000
4.6

9.2
7830

56700
362

6U

20U

0suU

05U
131000
438

6.1
5310
28

217
01U

500 U

05U -
1u

500 U

64
12.3

05U
90.6

Estimated result. Result is less than RL and greater than or equal to the MDL.
Not detected. Associated detection limit is estimated.

o
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Table 4 Page 1(a)

Date Printed: October 3. 1996
S y of Analytical Results for Sediment Sampl Time Printec
August 1996
Garland Road Landfill Site
Location: SED-01 SED-02 SED-3  SED-04 SED-05
Sampie [D: S-MT-019  S-MT-018 S-MT017 S-MT-0l6 S-MT-0IS
Sampic Daze: 1773 V66 869 V696 26796
Parameter : Units :
Volatile Organics
1.1, I-TRICHLOROETHANE ugkg  ND(5.0) ND(S.0) ND(5.0) ND(5.0)  NIX5.0)
1,1,22-TETRACHLOROETHANE ugkg  NID(5.0) ND(5.0) NIX5.0) ND(5.0) NDX5.0)
1.1.2-TRICHLOROETHANE ugkg  NID(5.0) NIX5.0) ND(50)  ND(S0) NIX5.0)
1.1-DICHLOROETHANE ugkg  ND(S.0) ND(s.0) ND(5.0) ND(5.0) ND(5.0)
1.1-DICHLOROETHENE ugkg  ND(5.0) NIX(5.0) NIX5.0) ND(5.0) ND(5.0)
1,2-DICHLOROETHANE ughg  ND(S5.0) ND(5.0) ND(50)  ND(5.0) NIX5.0)
1.2-DICHLOROETHENE (TOTAL) ughg  ND(5.0) NIXS.0) ND(50)  ND(S0) ND(S.0)
1.2-DICHLOROPROPANE ugkg  ND(5.0) ND(5.0) ND(S.0) ND(5.0) NIXS.0)
2-BUTANONE ugkg  ND(50) NIDX(50) ND(50) ND(50)  ND(s0)
2-HEXANONE ugky  ND(50) NIX(50) ND(50) ND(s0)  NDX(50)
4METHYL-2-PENTANONE ugkg  ND(50) ND(50) ND(30) ND(S0)  ND(S0)
ACETONE ughkg  ND(50) ND(50) ND(50) ND(50) 1]
BENZENE - ugkg  ND(5.0) ND(5.0) ND(5.0) ND(5.0) NIX5.0)
BROMODICHLOROMETHANE ugkg  ND(5.0) NDX(5.0) ND(S0)  NID(S.0) ND(5.0)
BROMOFORM ugkg  ND(5.0) NIX5.0) ND(S0) ND(5.0) NIX5.0)
BROMOMETHANE ugkg  ND(5.0) ND(5.0) ND(5.0) ND(5.0)  NDXS.0)
CARBON DISULFIDE ughg  ND(S.0) NIXS.0) NIXS.0) ND(5.0) NIX$.0)
CARBON TETRACHLORIDE ugkg  ND(5.0) ND(5.0) ND(50)  ND(50) NIXS5.0)
CHLOROBENZENE ugkg  NIX5.0) ND(S.0) ND(50)  ND(S.0) ND(5.0)
CHLOROETHANE ughkg  NDX(10) NDX(10) NIX10) ND(10)  ND(10)
CHLOROFORM ugkg  NI(5.0) NIDX(5.0) ND(S0) ND(5.0) ND(S.0)
CHLOROMETHANE ughg  ND(10) ~ ND(10) ND(10) ND(10)  ND(10)
CIS-1.3-DICHLOROPROPENE ugkg  ND(5.0) ND(5.0) ND(5.0) NIXS.0) NIX5.0)
DIBROMOCHLOROMETHANE vgkg  ND(5.0) ND(5.0) NIX5.0) NIXS.0)  ND(5.0)
ETHYLBENZENE ugkg  NIXS5.0) ND(5.0) ND(50)  ND(S.0) ND(5.0)
METHYLENE CHLORIDE ugkg  ND(5.0) ND(S.0) .ND(5.0) NDX5.0)  NIX5.0)
STYRENE ugkg  ND(5.0) ND(5.0) ND(5.0) ND(5.0)  ND(5.0)
TETRACHLOROETHENE ugkg  ND(5.0) NIX(5.0) ND(5.0)  ND(5.0) NID(5.0)
TOLUENE uwgkg  ND(5.0) ND(5.0) NIX50)  ND(5.0) NDX5.0)
TRANS-1.3-DICHLOROPROPENE ugkg  ND(3.0) ND(5.0) ND(S0)  NIX50) ND(5.0)
TRICHLOROETHENE ugkg  NID(5.0) NID(5.0) NIX$.0) ND(5.0) NIXS.0)
VINYL CHLORIDE ugkg  ND(10) NDX(10) ND(10) NIX10)  ND(10)
XYLENES (TOTAL) ugkg  ND(5.0) ND(5.0) ND(5.0) NIXS.0) ND(5.0)
Semi-volatile Organics
1.2.4-TRICHLOROBENZENE ugkg  ND(S00)UJ ND(330)  ND(330) NIX330) ND(330)
1.2-DICHLOROBENZENE ugkg  ND(SOO)UJ ND(330)  ND(330) ND(330) ND(330)
1,3-DICHLOROBENZENE . ugkg  ND(SO0)UJ ND(330)  ND(330) ND(330) ND(330)
1.4-DICHLOROBENZENE ughg  ND(SOO)UJ ND(330)  ND(330)  ND(330) ND(330)
2.2-0XYBIS(I-CHLOROPROPANE) ugkg  ND(SOO)UJ ND(330)  ND(330) ND(330) ND{330)
2,4.5-TRICHLOROPHENOL ugkg  ND(SO0)UJ ND(330)  ND(330) ND(330) ND(330)
2.4,6-TRICHLOROPHENOL ugkg  ND(S00)UJ ND(330) ND(330) ND(330) ND(330)
2.4-DICHLOROPHENOL ugkg  ND(S00)UJ ND(330)  ND(330) NDX330) ND(330)
24-DIMETHYLPHENOL ugkg  ND(S00)UJ ND(330)  ND(330)  ND(330) NIDX330)

I\J:\DBASEGRP\CHEM\7000\7043\Tabie 4 - Summary of Analytical R
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Table ¢ Page 1(b)
Date Printed: October 3, 1996

Sumenary of Analytical Results for Sediment Samples Time Printed: 5:01 pm

August 1996

Garland Road Landfill Site

Location’ SED-01 SED-02 SED-03 SED-04 SED-0S

Sampie ID. S-MT-019  S-MT-018 S-MT017 S-MT-016 S-MT-0IS

Sample Date: 8/6/96 8/6/96 8/6/96 8/6/96 69

Parameter Units

Semi-volatile Organics (Coar'd)

2.4-DINTTROPHENOL ug/kg ND(2400) UJ ND(1600)  ND(1600) ND(1600) NDX(1600)

2.4-DINTTROTOLUENE ug/kg ND(500) UJ  ND(330) ND(330) ND(330) ND(330)

2.6-DINITROTOLUENE ug/kg ND(500) UJ  ND(330) ND(330) ND(330) ND(330)

2-CHLORONAPHTHALENE ug/kg ND(500) UJ  ND(330) ND(330) ND(330) ND(330)

recycled paper Page 1 of3 ecology and environment
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2-CHLOROPHENOL
2-METHYLNAPHTHALENE
2-METHYLPHENOL
2-NTTROANILINE

2-NITROPHENOL
3.3-DICHLOROBENZIDINE
3-NITROANILINE
4,6-DINITRO-2-METHYLPHENOL
4-BROMOPHENYL PHENYL ETHER
4-CHLORO-3-METHYLPHENOL
4-CHLOROANILINE
4-CHLOROPHENYL PHENYL ETHER
4-METHYLPHENOL
4-NITROANILINE

4-NTTROPHENOL

ACENAPHTHENE
ACENAPHTHYLENE

DI-N-BUTYL PHTHALATE
DI-N-OCTYL PHTHALATE
DIBENZ(A HJANTHRACENE
DIBENZOFURAN

DIETHYL PHTHALATE

DIMETHYL PHTHALATE
FLUORANTHENE

FLUORENE
HEXACHLOROBENZENE
HEXACHLOROBUTADIENE
HEXACHLOROCYCLOPENTADIENE
HEXACHLOROETHANE

2\2U:\DBASEGRP\CHEM\7000\7043\Table 4 - Summary of Analytical R

Table 4

Summary of Analytical Results for Sediment Samples

August 1996
Garland Road Landill Site

Location:
Samplie ID:
Sample Date:

Parameter
Semi-volatile Organics (Cont'd)

INDENO(1.2,3-CD)PYRENE
ISOPHORONE
N-NITROSODI-N-PROPYLAMINE
N-NITROSODIPHENYLAMINE
NAPHTHALENE
NITROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE

PHENOL

PYRENE

Pesticides

4.4-DDD

4.4-DDE

4.4-DDT

ALDRIN
ALPHA-BHC
ALPHA-CHLORDANE
BETA-BHC
DELTA-BHC
DIELDRIN
ENDOSULFAN |
ENDOSULFAN IT
ENDOSULFAN SULFATE

recycled paper
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ND(500) UJ
ND(500) UJ
ND(500) UJ
ND(2400) UJ
ND(500) UJ
NID(2400) UJ
NIX(2400) UJ
ND(2400) UJ
NDX(500) UJ
NDX(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
ND{(2400) UJ
ND(2400) UJ
ND(500) UJ
ND(500) UJ
ND($00) UJ
NIX($00) UJ
ND(500) UJ
ND($00) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
NIX(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
ND($00) UY
ND($00) UJ
NIDX500) U}
NIX(500) UJ
ND(500) U}
ND(500) UJ
ND(500) UJ
NID(300) UJ
ND(2400) UJ
NIX500) UJ

SED-01
S-MT-019

ND(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
ND(500) UJ
NID(2400) R
ND(500) UJ
ND(500) UJ
ND(500) UJ

ND(3.3)
ND@3.3)
ND(3.3)
NIX1.7)
NIX1.7)
ND(1.7)
ND(1.7)
ND(1.7)
ND(3.3)
ND(1.7)
ND(3.3)
ND(3.3)

Page2of3

NDX(330)
ND(330)
NIX330)
NDX(1600)
ND(330)
ND(1600)
ND(1600)
ND(1600)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(1600)
ND(1600)
ND(330)
ND(330)
NIX330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
NIX330)
ND(330)
ND(330)
ND(330)
ND(330)
571
ND(330)
ND(330)
ND(330)
ND(1600)
ND(330)

S-MT-018

ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(1600) R
s2J
ND(330)
ND(330)

ND(3.3)
ND(3.3)
ND(3.3)
ND(1.7)
ND(1.7)
NIX1.7)
ND(1.7)
NDX(1.7)
ND(3.3)
NIX(1.7)
NDG.3)
ND(3.3)

NIX(330)
ND(330)
ND(330) -
ND(1600)
ND(330)
ND(1600)
ND(1600)
ND(1600)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
NDX(1600)
ND(1600)
ND(330)
NID(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
36J :
ND(330)
ND(330)
ND(330)
ND(1600)
ND(330)

SED-03
S-MT-017
8/6/96

ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(330)
ND(1600) R
ND(330)
ND(330)
3sJ

ND(3.3)
ND(3.3)
ND(3.3)
ND(L.7)
ND(1.7)
ND(1.7)
ND(1.7)
ND(1.7)
ND(3.3)
NI(1.7)
ND(3.3)
ND(3.3)

ND(330)  ND(330)
ND(330)  ND(330)
ND(330) ND(330)
ND(1600) NDX(1600)
ND(330) NIDX330)
ND(1600) NDX(1600)
ND(1600) NDX(1600)
ND(1600) ND(1600)
ND(330) ND(330)
ND(330) ND(330)
ND(330) ND(330)
ND(330) ND(330)
ND(330) ND(330)
ND(1600) NDX(1600)
ND(1600) NDY{1600)
ND(330) ND(330)
ND(330)  ND(330)
ND(330) ND(330)
ND(330) ND(330)
ND(330)  ND(330)
ND(330) ND(330)
ND(330)  ND(330)
ND(330)  ND(330)
ND(330) ND(330)
ND(330) ND(330)
ND(330) 200

ND(330) NDX(330)
ND(330) ND(330)
ND(330)  ND(330)
ND(330) ND{330)
ND(330) NDX(330)
ND(330) ND(330)
ND(330) ND(330)
ND(330) NDX(330)
ND(330) ND(330)
ND(330) T2J

ND(330) ND(330)
ND(330)  ND(330)
ND(330) ND(330)
ND(1600) ND(1600)
ND(330)  ND(330)

Page 1(c)
Date Printed: October 3. 1996
Time Printed: 5:01 pm

SED-04 SED-05
S-MT-016  S-MT-015
$/6/96 8/6/96

ND(330) ND(330)
ND(330) NIX(330)
ND(330) NIX330)
ND(330) ND(330)

ND(330) ND(330)
ND(330) ND{(330)
ND(1600) R ND(1600) R
ND(330) 48]
ND(330) ND(330)
ND(330) 94]
ND(33) ND(3.3)
ND(33) ND(3.3)
ND(33) NIX3.3)
ND(1.7) NIX1.7)
NI(1.7) NIX1.7)
ND(1.7) ND(1.7)
ND(L7) NI(1.7)
ND(1.7) NIX1.7)
ND(33) ND(3.3)
NIX(1.7) NI(L.7)
ND(3.3) ND(3.3)
ND(33) ND(3.3)

ecology and environment



ENDRIN ug’kg  ND(33) ND(3.3) ND(3.3) ND(33) ND@3.3)
ENDRIN ALDEHYDE ugkg  ND(33) ND(3.3) ND(3.3) ND(3.3) ND@3.3)
ENDRIN KETONE ugkg  ND(3.3) ND(3.3) ND(3.3) ND(33) ND(3.3)
GAMMA-BHC (LINDANE) - ugkg  ND(L.7) NI(1.7) N(1.7) ND(1.7) NDX1.7)
GAMMA-CHLORDANE ugkg  ND(1.7) NI(1.7) ND(1.") ND(L.T) NIXL.D)
HEPTACHLOR wkg  NDXL.7) NI(1.7) N(1.7) N1 NIXL1:7)
HEPTACHLOR EPOXIDE ugkg  ND(17) NDX(1.7)  NXL7)  ND(L7) ND(L.7)
METHOXYCHLOR ugkg  NI17) ND(17) NIXI7) ND(I7)  ND(I7)
TOXAPHENE ugkg  ND(83) ND(83) ND(83) ND(83)  NIX83)
PCBs
AROCLOR 1016 ugkg  NDG3) ND(33) ND(33) ND@33)  ND(33)
AROCLOR 1221 vgkg  SIPF ND(33) ND(33) 36 ND(33)
AROCLOR 1232 uwkg  ND(33) ND(33) ND(33) ND(33) ND(33)
AROCLOR 1242 ugkg  ND(33) ND(33) ND(33) ND(33)  ND(33)
AROCLOR 1248 ugkg  ND(33) ND(33) ND(33) ND(33)  ND(33)
AROCLOR 1254 ugkg  ND(33) ND(33) ND(33) ND(33) ND(33)
AROCLOR 1260 ugkg  ND(33) ND@33) ND(33) ND(33)  ND(33)
3\3V:\DBASEGRP\CHEM\7000\7043\Tabie 4 - Summary of Analytical R
Table ¢ Page 1(d)
Date Primted: October 3, 1996
Sumumary of Analytical Results for Sediment Sampies Time Printed: 5:01 pm
August 1996 :
Gariand Road Landfill Site
Location: SED-01 SED-02 SED-03 SED-04 SED-0S
Sample D: SMI019  S-MT-018 S-MT-017 S-MT-0I6 S-MT-01S
Sample Date: 36/9 8/6/96 26/96 8/6/96 36/96
Parameter Units
Metals
ALUMINUM ng/ky 3640 3540 1330 1250 3040
ANTIMONY mghkg  ND(6.0) NDX(6.0) NIX6.0) ND(6.0) NDX6.0)
ARSENIC mg/kg 3.1 33 25 25 26
BARIUM mg/kg w7y €03 NI(200)  ND(20.0) 343
BERYLLIUM mgkg  ND(0.50) ND(0.50)  ND(0.50)  ND(0.50) NDY(0.50)
CADMIUM mpky ND(0.50)  ND(0SO) ND(0.50) ND(0.50) NIDY0.50)
CALCTUM wg/ig 34300 38900 T2200 81700 33000
CHROMIUM og/kg 57 57 32 3 6.3
COBALT ogkg  NID(5.0) NIX5.0) NID(5.0) ND(5.0) NIX(5.0)
COPPER mg/kg 76 6.7 ND(2.5) 23 6.1
IRON mg/kg 6590 MBB 6300MBB 3310MBB 3410 MBB 5390 MBB
LEAD mg/kg 6.6 6.2 3 4.7 95
MAGNESIUM mg/kg 9800 11300 35600 21600 10000
MANGANESE mg/kg 179 183 165 144 149
MERCURY mg/kg  ND(0.10) ND(0.10)  ND(0.10) ND(0.10) NDX(0.10)
NICKEL mg/kg 67 6.3 ND(4.0) ND(4.0) 5.6
POTASSIUM my/kg 524 508 ND(500) ND(500)  ND{(500)
SELENTUM mghkg  ND(0.50) ND(0.50)  ND(0.50) ND(0.50) ND(0.50)
SILVER mgkg  NIX(1.0) ND(1.0) ND(1.0) ND(1.0)  ND(1.0)
SODIUM mg/kg  ND(500) ND(500) ND(500) NID($500)  ND(500)
THALLIUM mgkg  ND(1.0) ND(1.0) ND(1.0) NIX1.0) NIX1.0)
VANADIUM mg/kg 9 97 5.2 ND(5.0) 85
ZINC mg/kg 312 299 1361551 296
Genenal Chemistry
TOTAL CYANIDE mg/kg  ND(0.50) ND(0.50)  ND(0.50) ND(0.50) ND(0.50)
TOTAL ORGANIC CARBON mg/kg 14000 9300 2300 4100 14000
TOTAL SOLIDS (RESIDUE) % 67 7 803 847 63.9
ND Not detected.
- Not analyzed.
MBB ‘This analyte is present a1 & level in the iated meth d blank but is less than 5% of the sample amount.
F mmmmumwmmummm%
J Estimated result. MbmmummcMumﬂthDL
R Rejected data. The absence of the analyte cannot be verified.
us Not detect 0
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A N

Chemicais Detected in Fish Tissue Collected from the Stillwater River Study Area, 1994 by OEPA

Sampling Location - By River Mile
234 234 23.4 174 174 17.4 - 17.4
Large . Small-
Channel Mouth Common Common Common mouth Channel
Catfish Bass Carp Carp Carp Bass Catfish
Parameter SFFC SOF SOFC WBC SOFC SOFC SFF
Metals (mg/kg)
Mercu 1.04 0.20 0.22 <0.08 0.19 0.23 0.18
recycled paper ecology and environment




‘ ) Chemicals Detected in Fish Tissue Collected from the Stillwater River Stuz Area, 1994 ;_ OEPA Il
) Sampling Location - By River Mile
154 154 15.4 14.7 14.7 14.7 121
Small Small- Small-
Channel Mouth Common Channel mouth Common mouth
Catfish Bass Carp Catfish Bass Carp Bass
Parameter SFF SOF WBC SFFC SOFC WBC SOFC
Pesticides (ug/kg)
Heptachlor 3.1 <1.6 34 26 <1.7 3.9 <1.6
Epoxide i
4 4'-DDE 22 <33 27 18 <33 32 3.8
Dieldrin 24 75 25 25 <33 27 71
4 4'-DDD 43 <33 7.5 18 <3.3 88 . <33
4.4'-DDT 3.6 <33 <3.2 12 <3.3 7.5 <33
Endosulfan 5.6 <33 11 <33 <3.3 <33 <3.3
Sulfate
|| Metais (mg/kg)
'I| Mercul 0.21 0.55 0.10 0.28 0.32 0.16 0.21

recycled paper ecology and environment



Chemica

Sampling Location - By River Mile

121 154D
Common Common
Carp Carp
Parameter WBC WBC
| Pesticides (ug/kg)
Heptachlor 2.8 46
Epoxide
IL4,4‘-DDE 25 32
‘h)ieldn‘n 12 29
{[ +.4-000 43 9.9
Endrin <3.3 52
Aldehyde
Endosulfan <3.3 11
Sulfate
Methoxy- <16 21
chior
I'!etals (mglkg)
Mercul 0.11 0.13

recycled paper

River Study Area, 1994 by OEPA

ecology and environment



recycled paper

ATTACHMENT B
RISK CALCU'LATION SPREADSHEETS

B-2

ecology and enviranmests

KJS102_RI



Uy ..:o..__., ue ABoj023

)

3eq
SIX I~NV 4 Jueji4

E

£

:

. [

2

H
6+3€'1 €+36°¢ auayjeosojyop | ¢-al's euayjeoio|yo )
6+3¢€'1 9435 eusiyjueuayd 0+39C euelyjuBuByg
6+3¢'1 v+3Lp epuoyD eueiylew T-30'v epuolyD susiAylep
6+3¢1 VN Ainasepy 1-39'9 Aindsepy
6+3¢'1 VN peen €+31°1 peeq
6+3¢'1 VN euaiAd(po-¢'z'1 )ouspuy 1-39°s eualAd(pa-¢'z' Jouepuyy
6+3¢1 VN ejgjeyiyd(iixayiiyie-z)sig z-3rg uppiRig
6+3€°1 8+3L'G euejliad(i'y'6)ozueg 1+36°L sjejeyiyd(iixey)hyie-z)sig
6+3¢') VN euoikd(e)ozueg 1-36°¢ auesyjueuayd (8= VA eus|liad(1'y'6)ozuag
6+3¢') 6+3v'L euayjueoiny(y)ozueg 2309 Ainasapy 0+32') auesAd(e)ozueg
6+3¢'} VN eusyjueoiny(q)ozueg 1+3p'e pea 0+32'1 euayjueoiny(y)ozueg
6+3€'} VN eusdeiyue(e)ozueg 1-30¢ olejeyyd(jAxeyifyie-z)sig 0+30'} eueyjusoiny(q)ozueg
6+3¢€'} vN euedeiyjus(e)ozueg 1-3r'e wnyikieg 0+35°} euedelyjue(e)ozueg
643¢'1 VN wnyjlieg 312 euayjuesony(q)ozuag 1-3L'9 wnykieg
6+3¢€'1 9+35'2 ¥SZ} J6Poy 1321 euaoeiyjue(e)ozueg 0+30'G $5Z) Jojdoy
6+3¢°1 9+32'1 8v2| Jopory Z-39°¢ 1ezi lojposy 0+31'9 8p2) Jojo01y
6+3¢°1 VN Jjuesiy z-36'% ¥S2| 0001y 0+32°L ajuesly 14311 ouesly

43d A
(B Bu) By/Bw (Bw/Bw) {B/Bu)
jedjuey) "u0) jedjwayd uojjesuecuo) |edlway) "3U0) |ediwey)
sioje4 Iy ysi4 Juawipes 1105

SUOJBHUBIUOD Juj04 @insodx] [ oliS [lypue] peoy puepes) ‘owep oyg

a

3

,. g



810-L'G826 Uonedyiqnd ‘widju (s|eoo uopeipaway
fieuiwjald paseg-ysiy Jo juswdojaraq ‘g Wed) ‘|enueiy UoleneAl YiieaH Uewwny :| 8WN|oA 'puniadng 10j 83UBPING JUBISSASSY %S|y :80IN0g

(ssapjun) (g861) p1aymo9 Buisn

610 $61°0 PaAuap Jn/wn uo juapuadap uolouny (x)4
(s/w) w2
ZE L1 ceELL Je paadspuim jo anjeA pjoysaly) Juajeainby n
69 69V (s/w) paadspuim jenuue ueapy wn
G0 g0 (ssa)jiun) 1909 aaljejabaa jo uonoesy A
(w6 1ad s-,wy6) 8dinos ,a10e
8'06 806 -G'0 B JO "J}0 8y} J& 'DU0D UB3W 8Y) JO "AU| /0,
60+391€°L 60+391€°L (651/w) Jojoey UOISSIWS BjejNdpIed 43d
o |enjoy sjlinejeQg BIBUM
. ()4 x ('nN/“N) X (A- L) X 9€0°0

u/s 009€

Jojoe4 Uoiss” ™ ajejnoied

ecology and environment

recycled paper



’ 810-2'5826 uoledlaNd ‘wieju) (s1e09 uoleipewe)y Aleuiunesd peseg-ysiy jo juewdo Ued) ‘lBnueyy uonen|eA3 yjjeeyy uswny ;| euwnjoA ‘punpedng Joj edueping EoEmnSad‘ . unog

|eo+3s€ Jeo-391 zoo 10-30'L  S8LIST 80+362L 10+302 2 Sk seT 68'sZk  €0-368 203§ 8uBY|e0I0jydu]
80+3SZ |60-3€€ 2ZOSI L0-31'e 920l 80+36'L 0+30C ¢ Sy sZe 0ovi © ¥0-39°L 20-352L 8uejyjusueyy
vO+3L'v |S0-3CL  Zowi ¥0-39°9 9.€'€Zl 0+36'L 10+302 ¢ 114 sZe 8’8 €0-39Z 10-30') ©puoyD eusjhyjeyy
-- 004300 ZO€) 00+300 O 80+36'L L+30z ¢ St sZe Andsepy
. 00+300 20¢CI 00+300 0 80+36'L 0+302 ¢ Sy sZe pea
- 00+300 20}t 00+300 0 80+36L 10+302 ¢ -4 see 8uasAd(pa-¢°Z'} Jouepu
- 00+300 20Ol 00+300 o 804362 0+302 ¢ 4 sTe uupjeig
80+32.°G |ri-3L9 206 b4-32°1  009€0LL€ 80+36'L L0+302 2 14 T4 00008Ly SO-31'L Z0-36°¢ ejejeyiyd(iAxeylAyie-z)sig
e 00+300 Z0'® 00+300 0O 80+36°L 0+302 ¢ Sy sZe o:o.b&z.:.a.ogom
60+3F°4 ¥i-31°4 202 Zi-39't  0000198€ 90+36'L 0+302 ¢ 00000SS ©0-39'L Z0-38'y ouesAd(e)ozueg
- 00+300 209 00+300 0 80+36'L 104302 ¢ eusyjueoiny(y)ozueg
- 004300 206 004300 0 80+36'L L0+30C ¢ 8usyjusosny(q)ozueg
b 00+300 Zoy 004300 O 80+36°L 20+302 2 6uadu.yjue(e)ozueg
- 00+300 20¢ 004300 O 80+36°L l0+302 ¢ wnylieg
90+35C [60-39€ 202 10-30S  9€2S9F §0+3682 L0430 ¢ €0-30Z 2o0-30's $SZi Jopoiy,
80+32'F 180-3v'L 20} 80-302 ¥ZELS |, 00+38L l0+302 2 €0-38°C 20-30'§ 8¥ZL Jopory,
- 00+30°0 X 00+30°0 204302 2 duesiy
Syw VD . - Jouy, e, 8 - S PSS
| Rl T
"M IbH =

(318 w08 6) Jusioy)e0d uoned seos 3

(1euoyoey)) yos jo uoqieo oueBio 9o . Ausosod jios 3

(6/wo) Jueroyjecd uoqied ojusBio hoe tc 03410 = (87,W0) Auaisnyip eandaye *a

00 . ™) = (0/,u) uepyYIeco sejeMm-ji0s '] (,wo) ease yv

(1low/,w-wie) weisuco mey s,luuey H (w) Wby uoisnyp Ha

(87,w) Aynsnyyip seinoejow a (sau) peeds pupm A

(s) swn sunsodxe 1 (w) vasv jo yiBug; (3]

(urB) Aysuep jjos sd 10}28) uonezZ|jeI0A 4A eseym
ﬁ - —————

(*3N(3-1).*d +3) A3."Q) =0

pue

1000."%.3."0. ¥v. 2

= 4A
(1.0, %1€ IYDS . HO . AL ST

19POI UGHBZINEIOA JIV-01-105

ecology and environment

recycled paper



‘OUJ ‘luswuoIIAU] pue AB0j0d3

V1% 17, % 9jeg
SWI-NVIIVO oweueyy

‘0(qe|I8AR jou UOLBYK AapXo] : YN

( N) 950 Ayeq eBuseny : gy
(103ue)) esog Aieg 00910y ewey : lavy
0+3Z'y -- .- $-3r’l - it viol g
-
11
[ ]
¥
0+3Z'y $-302 $-35'9 S-3r's © 043002 9-32L z-36'y ¥521 Joposy
Tep-ByBuw) [T ) 1-(fep-ByBuw) (Rep-BuBuw) T (owow)
juejjonp o %S| Jeouen 4S uojjesnueouo) |egjweyn
piezey 1810 av I1e10 iavi ysi4
81903 3jusBoujasesuoy $196))3 djueBoujasen
ONjeA Jy1deds jeolwey) -, Poisebu) uondes) 44|
Jeduvouou (shep) 084°'2 1v Aauenbaeyj einsodxe :43
190umd (shep) 0sS§'sz v uonesnp ensodxe ‘g3
(Bx%) St M8 ow) BuiBusene |y oje uoisebu) 3y 5
Wwoiemipoq ‘Mg 1108 Ut UoYEJIURIUD jRdjwew )|  eleym a
(ssopyun) 50 14 >
(1ea4sshup) 0S¢ 43 m
(sseak) 9 a3 o AVEME Hy
(1sow;By) 500 ul 43XQIX N NA'D = eymul <
(By/Bw) - 49 1840284 Ou:nﬂﬂkm ..GOEQSOW .kaﬂeﬁkm

PIIYD - 888D IWY - ysid WyBne) Ajjeuopeaioey jo uopsabu;
oS lllypuE ngoY pueieo
N ,

v | v




. “ouy ..:oE.x) 3 480j023 s, -oeg

SII~-NT suepy

'0IqUKEAR Jou UoHe|I Appo) : YN
(19318000N) es0g Auqg elmieny : Qv

(193ue)) esoq e eBwieny swpeyy : 1av
13 1] .- .- $-3T°) .- b vioL z
. ]
-
, :
>
g
S
t-31'8 $-30C $-30°) S-3T't 0+3002 9-32'9 Z-38°y #SZ1 Jopory
epBndu) TRep-Bwtuw) 1-(hup- o) opByouw) (7. m)
luejionp an Aspy 1edue) ER uojiesuedu0n) |eojway)
prezer 110 av el iav ysi4
930443 djueBoujoisauon $199)3 ajueBoujdiey
. ONjeA oynads [wapwey) -, Paisabuj uonawy) ;|4
Jaoueduou (shep) 092'e 1v . Aauenbey einsodxe :43
182ued (shep) 056's2 v uojeinp esnsodxe Q3
, (6%) 0L ma owy) BuiBauene :jy o183 uopsebyy () -
Woemipoq :ma USY U) UOHBAUSIUOD IBDjWeYd )|  ‘eseym 2
(ssaqyun) S0 14 3
(1eak/shep) osc 43 2
(s180A) (24 a3 _.oivxme S
(1eaus/By) $S00 i 43xQ3aIx i3 x Yyixn = oyeju| 2
(Bx/6uw) - Ko :§40)284 einsodx3z ‘uopenb3 aunsodxgy =
UNPY - 888D IWY - ysiJ IyBne] Ajjeuopeesdey jo uopsebu;
8IS liljpue] peoy puejey
Z-ge|qe)



U} 'WusuniONAU3 pus ABojod3

6928 ‘oleg

SIX I~NV IV ‘oweuepy

‘8{qejeAR jou uopeI Aipo) © YNE

]

N) 0500 41w 00sseny : QvE
(193u8D) e30Q Ayeq eBwIeAY swaeyy : iQvIE
R
¢
T-30°6 .- .- 9363 b - IvioL -
g
>
£
9-3L2 €-309 8-39'1 t-302 Z-301°1 6-30'1 ¢3S eusyIeoIo|YdL m
VN 4-3T0 VN 8-3r6 0+392 ousIyusUeyd
-3 2309 -3¢’} 1-3vs €-305L 6-3rt1 30 epuoy) eueiiylepy
VN 3ane WN 9-3re i-399 Aimiep
VN r3rec VN S-36¢€ c+3l'4 peay
VN L3081 ¢354 $-30€°2 8-302 1-396 oueJAd(po-¢°Z'  Jouspuy
30 S-30'S 8-30C ¢3Le 1+4309'1 6-3€T c-3ar9 uppiaig
362 2-302 9-36'S 6-3re c-30r'L 4-3L9 ‘4+36'4 ojejeyiyd(ihxeyiAyie-z)sig
YN 4-39°) VN 8-302 1-3Ls ouajliad(’'y'Blozusg
VN L-39°¢ L-30¢ 0+30€°L 8-z 04321 euvJAd(s)ozueg
VN 1-30°€ 6-3¢ T-30€°L 8-3cYy 0+3Z') eusyuromny(y)ozueg
VN -3z¢ [ /x4 1-30€°L ¢-39¢ 0+30') sueyiusany(qlozueg
VN L-39°y e-30¢ 1-30€°¢ 8-S 0+35'1 euedBIyus(s)ozueg
S-3TY €306 31T 2-30'3 0+30C'Y 8-3re 1-3L'9 wnjjjlieg
z3eL $-30C 9-39} 1-39°¢ 0+300C 1-38') 0430 ¥S21 Jopory
WN 9-36'4 L-3r'y 0+3007 L3¢ 0+319 b2} Joposy
(A 1N r30¢ 9-3r¢c L1-38'S 0+305'} L-36€ 14311 djuessy
ep-BwBu) ThepBxBu) V{Fep- BwBw) Rep-ByBw) — (Bwdw)
uanond an 3siy JequB)d 48 uonesueuo) {8dlwey)
piezeH 190 lav 180 1avi jos
819043 sjusBoujdieauoy 812043 ajusBoujaey
oNnieA oyneds [woWey) - , peiselr uonosy 13
Joaueauou (sfep) 028'C 1V Aauenbey sinsodxe (43
, Jodued (sAep) 055'S52 1v own OuiBeiens 1y uonesnp ensodxe :q3
(Bx) (1] me wbiemipoq ‘Mma o1 uonsebuy 1y W
(Buy/Bx) 8-31 49 108} UOIBIBAUDD (4D 108 Ut UOREAUEOUOD PR SD|  ‘eleum 8
(ssejyun) 3 4 .m
(1eehrshep) 14 43 S
(s1894) [} a3 o _dvyxme_ >
(Aep/Bui) 00l 1] dIXQIXI4X 4O X YI XSO = 9yBU| b
(Bw/0w) - .80 :840)284 0insodx3z :uopenbz einsodxy

Jessedsel| Juedsejopy - 688D WY - UopseBu) jjog

oIS lijpue’] peoy puejied

€T

(



Ii ‘ - ‘oleg

SIXI~-NY -Quepy

({

N) 9500 Ajeq eBeseny : 10
"91q8}BAR Jou UoeID AjNO) - YN (193uB)) es0q Aung oBaseay swney : Qv E
[
. B
1-39°1 .- .- $-30T .- -- vioL £
o
]
"-ﬂ
9-30'9 €-30'9 8-3¢'s ti-3L'e ¢-301°4 6-309 1-30'4 z-31s oueyeosojyan bm
VN 8-3212 YN 2-31e 1-30'4 0+39°2 eusiylusueyf
4-36'9 ¢-30'9 e-31y Li-39°¢ €-306°4 6-3L'y i-301 <30y 9puoly) eusihyiep
VN 9-30'9 VN 6-38°L Z-30t -39'9 Andsepy
VN 3 YN s-3¢'4 z-304 €431 peoy
VN 2-30°S VYN 8-39'9 =304 1-39°¢ Quasd(pa-¢'Z's Jouspu)
€-3c'4 §-30'S 8-399 -3 1+4309°1 6-39°L -30°4 Z-3rg uppieiq
y-3L6 c-302 §-36°) 9-3i'c T-300°4 8-32¢ -304 1+36°1 olsjeyiyd(ixeyiiine-z)sig
VN 4-38'S VN 8-38'9 -30°1 b-3L's ousjlied()'y'd)ozueg
VN 93Tt VYN 4-3r} 1-30°4 04324 ouesAd(w)ozueg
VN 9-3¢°1 VN L3l 1-30°4 0+3Z°} susyiusosny(y)ozueg
VN -3 VN L3 1-30°1 0+30'}) eusyusoiny(q)ozueg
VN 9354 VN L3 t-30°1L 0+35'4 euedRIyjus(s)ozueg
S-3rt €-30°S 8-302 8-3rec 0+30¢C'y 6-36¢L Z-30'4 (3 TX:] wniglieg
-39°L §-302 -3ic 431 0+3002C L-39°¢ ¢-309 0+30°¢ #S21 Joposy
wN 9:30°¢ e 043002 L3cy z-309 0+31°9 8¥Z4 1opory
€-38°¢ 30¢ 341 4-30C 0+305°4 -3¢} ¢-304 4318 ojuessry
TepBuBuw)  Uepbabu) sav L)
juejjond an %81y Jedue) 48 uojienusauo) |evjweyn
piezey 1ei0 iav ([Z(0] Iaw llos
$190})3 djueBoujdisauopy $120))3 sjueBou|aiey
onjEA o%.!.u “e
1eoueduou {sXep) 0z68' 1v oe) S3UIIDE :Jy)]
193ued (shep) 0SS'S2 v own Ouibeions 1y 908 eo8UNS Ui S
(Bx) 144 me Wéiemipoq ‘M@ Jojoe) uoisIeAUcD 130
' (BwyBy) 931 49 Aovenbesy asnsodxe (43 10108) uondiosqe Sgy -
(sekrahep) o 43 voeinp ‘031 v uo oM 59 ‘ooum a
(xmok) 0 a3 ’ ‘ 3
(ens/zus) 414 vs M
(2wo/buw) ' av . 1vxmae S
(ssoniun) - sav 43XAIXIVIVE X JIXSAVXST = oxmy) ]
(Bx/6w) - S92 :810)3v4 sinsodx3y ‘uopenbz ainsodxz

1essedsol] Juedsajopy - 6seD JWY - 110 YIIM 1oRIUOD leuniag

8IS liypueT] peoy puepen
raeiqel




Uy ‘luewuonau] pue ABoi0d3

‘0|qeiEA® |0U UOURLD KiXO) - YN

26028 0jeQ

SIXI-NVIUVO -oweuery

{

(i0ouD) esoq Aueq eBeseay ewneyT : [ls)

3
1Mironment

N) 8s0Q AysQ e6eieny :

01-30C

violL

v whdd

9-3€T M
%
11-309 €-30'9 €i-30r 91-382 €-3009 ri-39y 6+3¢€°4 ¢3S euayleooydl L
VN (3% 14 WN T-Ive 6+3¢€') 04397 suenjuBUeYd
€i-aLe 1-39'¢ ci-32¢ 21-30'S €-309'4 vi-39¢ 6+3¢'t T30y 9pHOIYD sueAyIen
8-31'9 5-30'8 T1-3TS VN €i-309 68+3¢°}1 }-39'9 Kindlepy
YN 6-3.8 VN 6-30'4 6+3¢°) c+3i'1 pee)
VN Zi-3ry Zi-3’e 043019 ci-a1's 6+3¢€'4 1-39°G oueAd(pa-¢°Z'1 Jouspu)
8-30 4 $-30'S €1-31's €i-3ce 14309} ri-38'S 6+3¢€'1 14 4] upplelq
6-392 z3aLs 01-35°4 €i-are 300 -3t 6+3¢'1 1+36'4 olejeyiyd(iAxeyiiine-z)sig
VN Zi-35y VN €i-32's 6+3¢'t $-3L's euslliad()'y')ozueg
VN c1-326 T-3y9 0+3019 [45 1N} 6+3¢'L 0+3Z') ouvsid(e)ozueg
WN ci-396 TH-aL9 0+304 9 At 6+3¢€'1 0432’1 susywosny(ylozueg
WN Zi-31e Ti-39°s 0+301'9 €1-326 6+3¢}) 0+30'} eusiusoiny(qlozueg
WN $-32'4 VN ei-3cs 6+3¢') 0+3G'L euedsIyjus(s)ozURg
631t €306 z-dts Ti-3l's 0+30¥V'8 €i-31'9 6+3¢°) -39 wnylieg
9-30C $-302 1-30'y Zi-31e 0+300C ci-asy 6+3¢’) 0+30G ¥SZ4 Jopory
VN 1-30 H-as 0+300C e1-36S 6+3¢') 0+3i'9 8¥Z1 Joposy
1362 -30¢ 1-3Le oL-35°4 143054 11-30'4 6+3¢'L 14311 ojuessy
. Rop-Buduw) (FepByBw) [E (T2 . m) Thep-BwBuw) T Bwcw) {ewdw)
\uejionp anN ysiY JeouB) 48 uojesnuad’uo) |ediuey)
piezey uojiejeyu] av uonejeyuy 1avi 43d flos
$120))3 sjueBoujdsvduopn $)28)43 sjueBouyaiey
ONyeA Syneds eaneyd - .
180A/sABp (T2 QS 18 sAeQ 1084 UoISSUT sjlepAIed = J3d fouenbey einsodxe 43
Jequeauou (shep) 0ze'e 1V owq BuiBusers 1y owy einsodne 13
J90uwd (shep) 055'SZ 1y wbismipoq Mg 0185 uopEIBYY} ) W
(6y) v M8 uonenp esnsodxe Q3 HOS U 'JUOD |RIWeYD 8D ‘oIoum W
(1834/shep) (] 43 3
(s1804) 8 a3 . °
(Aepjsanoy) v 13 e Avxma >
(Aep/cw) oz 1] (43d/8) x =¥ x 33X Q3 x$D = e e
(cwyOuw) - K D) :810)384 dsnsodx3 :uopenbz sinsodxz

9

Jessedsel] juessejopy - ase) IWN - I8N( - 4|V WOJ) UOHEjEYU]
)S lijpue=-goy pueyuen

m .

9



o) ..:!F) ® ABojoa3 ) g
SIX'I~NY LT

recycled paper

:
¥
E
[
( N) 8500 Ayeq eBuseny : _Qm
oIqeHEA® jou UoUSK Aoy - WN (199us)) es0g 418q ebweny swneyy : jav E
3
¢33 -- .. 6-35'¢ .- - wviol )
)
§-36¢ €-30'9 2-35°) oi-30'1 €-300'9 8-30') €+35¢ ¢3S Susyieaiojyop)
VN 9311 WN 6-3T'4 8435 0+39°¢ susiyusueyy
8-32'1 1-39°¢ 8-30'1 Zi-30'4 €300t 6-32'1 P31y Z-30y 8pUolyY sueihyleyy
$-39'¢ YN WN- VN VN 1-39'9 Ainoueyy
WN wN WN VN wN c+3al'1 pee
wN VN 0+301°9 VN VN -39 QuesAd(pa-¢'2’ )ouepy)
$-30'S WN 143094 VN VN Z-3r9 uupje|q
6-309 <3S oi-3re €1-35°s <3004 ti-36c 8+3L's 1+36°L o.a_-.._z&.axosaso.ﬁ-ﬁ
VN VN WN VN VN 1-3L¢ ouslied(y'y'B)ozusg
VN ci-300 145514 0+301'8 Zi-30'4 6+3r’) 0+32'4 oueiAd(s)ozueg
VN N 0+301°9 VN VN 04324 Sueylusainy(ylozuag
VN YN 0+3019 VN VN 0+30'4 Susyjusoiny(qlozueg
VN WN VN VN VN 0+35°) ouedRIyjus(s)ozusg
€30 WN o+30r' _ VN WN L3209 wnylieg
€311 $-302 [ 1Xx4 0l-326 t-300'0 8-3re 9+35°2 0+30'¢ 521 Jopay
VN 832 8-3r2 1-300'y 6-309 9+32'} 0+31'9 8rZ1 Joposy
r-30¢ VYN 1+305°) VN VN 14310 ojuensy
Top-OwBu]— (hepBuBa) "~ v-Uiep-BxAu) (Kep-BuBus) o By [GI7. —
judiionp ay 3SiY Jeoue) 48 . uoljesnuaduon |eswayy
pieze uonejeyu) av uonejeyu) iavi dA lios
$190)43 djueBoujaseauoy %)20})3 sjueBoujasey
SN{BA Jydeds wopwey - ,
JeeAsshep [13 oiS e sleq 10128 5 UCHISZINIBION = JA Aouenbesj exsodxe 133
.3:.3:2. (sAep) 0262 1 owy) 6uilesens |y oux) ensodxe (13
iooued (shep) 065’2 1v WBemipoq ‘mg oles uonsBY Y
(6x) t4 ma uonwInp einsodve ‘03 oS LY JU0d jEONEL 3D ‘osoym
(1eak/shep) 8 EE]
(s1e04) [} a3
(Aepjsinoy) [4 - 13 . _Advxma
(Aep/gw) 0z yl (A1) x =y x 33 x a3 x 89 = oyeu|
(cwyBuw) - 59 1840)284 9unsodx3z ‘uopenb3 ainsodxzy

lessedsal] Juedsejopy - ese) INY - 10§ woJj suodep jo uopejeyu;

84S liypueT] peoy puepen
8-gojqey

-~ .

s) rd




‘9u) ‘JueuuoNAU pus 4001023

1692¢ ‘e1eg
SIXI~NYIIVO owsuery

"OIqRHRAR JOU LoLeI AipMOY : YN

N) 9500 Ai8Q eBus0ny : lav:
193ue)) esoq Areq eBuieay oumey : .o<.m
8800 .- .- 9-3¢°¢ - .- vioL Jm..
2
[ ]
”
ky
E]
. H
VN 9-30'4 VN 8-300 -36'¢ suesueueyy
WN 2-31'2 WN e-30') z-308 Ainsepy
VN $-306 VN 9-3L¢L L+3rc peo
$-39°2 z-302 3¢S 01-3¢'9 z-300) 8-35'y 1-302 omEyyd(ixeyikye-z)sig
rare, €-30'9 oLt -39 0+30¢CY L3l 1-3r'9 wniykieg
VN 2-35°s e-35¢ 4-30€°L 8-3Ly 5[5 4 eusyusiony(qlozueg
WN -3¢ 8302 1-30€°L 0-3LT 1-32°1 susmylus(e)ozueg
WN e-3s6 8394 043002 . & z-39¢ 1221 Jopory
z-38'9 r30¢ $-302 8392 043054 9-3L} 0+32L ojuessy
Fep-BuBw) ~ (Rep-BwBw) 1-TRep-Bu) (Tep-Byw) ~ (OwBw)
wenonp N A8y J8auen 4s . uofienueduo) |edjweyn
piezeH 1ei0 lav 1®10 avi juswipeg
%128))3 djueBoujaseduoN 130)3 djueBouiaie)
ONHEA Jyeds wjwey) - , peiseliuy uonoeyy 14
192uwdUoU (sAep) 0812 1v Aauenbey esnsodxe ‘43
100uwd (shep) 05§'sZ v oy Buibuiene (v uoienp ensodxe Q3
. (Bx) Sh ma uGemipoq ‘M@ o101 uoseBU! (NI -
(BuyBy) 9-31 49 0P8} UOIISAUOD 4D  JOS Uj UOHBAUSILOD RIfwed SO|  ‘sieym a
(ssepiun) ] (F] a
(seokrahep) u 4 2
(sie0k) [ a3 Y\ 2.7, B S
(Aep/Bus) 002 ol 4IXQAIAXIIXJIXYIXSD = oywy) m
(6%/0w) - «S9 :840)3w4 2ins0dX3 :uopenb3z esnsodxzy

v

PIIYD - 888D IWY - uopsaBuj Juewijpes

8)IS llypue] peoy puepen

-

\).

®L

L



u ....s._) 2 ABojoa3

’ ojeq

SNV Lo owsUOy

€

‘8iqeiieAR 10U UopeI Aypproy <~m

( N) esoQ Ayeq ebuseay : |
(100u8Q) esoq Ayeq oBaany ewney : E(..m

—f
§00'0 .- b 4-3r'é b b viol .m
2
Fl
<
WN 9-3€'L VN 8-35¢ -36¢ ousyjusURYyd
WN 8-35°4 VN 6-3Z'S 308 Amepy
VN 9-3re VN 9-32¢ 1+3y¢c peo
9-36') 302 e-30¢ 0i-38°1 . 3004 8-3¢'4 1-30'C c_-_u:_gn:»xo..._aﬁo.wv-_n
S-3are €306 2-32') 1-39'} 0+30¢'Y ey 1-3re wnjjkieg
VN e-38°¢ 6-36'6 1-30¢€'2 8-3ry 131 Sueyresony(qlozueg
VN . 8-3€2 6-39¢ i-30€°L, 6-3LL 321 SudsIyus(s)orueg
WN 6-309 6-39¢ 043002 6-3¢¢ ¢-39¢ 1224 Jopasy
€30y r30¢ 9-3ri L-3Ire 0+306°) 4-30°S 0+3272 Juesuy
LT 7 I .7 +-(Rep-SuBuw) ep-O/Bul T wBa)
usijonp anN %siY Je0uB) 48 uoyjesjueduon |edjweyn
piBzeH 180 lav 180 avi Juewipag
81983 jusBoujaseauoy $190)3 3jueBoujoey
8nieA 3yneds eowey) - , PoIsebui uonsey 14
19oueauou (shep) 09l's 1v Kauenbey einsodue 43
+ J90ued (shep) 055°62 1v own BuiBeiens 1y uonesnp einsodxe Q3| ~
(6%) oL mae Wwhiemipoq ‘Mg oj8) uonsebuy 1y m
(Buw;By) 9-3t 4 0198} LOjRIBAUGD (3D Ho$ U1 uoReAUeUDD BRI S|  ‘eleym Q
(ssojuun) 3 3 M
(+eek/shep) (] 43 r >
(s1804) " a3 e AVXME 8
(Aep/Buw) 004 -] EERSERIFE ) SV Yo = oyeju)
(6%/6uw) - S92 :$10)2e4 ensodxz ‘uopenbz einsodxz

NPV - 8seD WY - uopseBul yuswipeg

9IS liupu

€7 peoyj puejses
8-g ojqey




2uj ‘luswiuonAu3 pus A6oj0d3

16R28 ‘e)eg
SIX'I~NV VYD ewsuepy

ment

(1e3183u0N) 850Q A1 €BRI0AY e

'9|qBHEAR JoU UOURI APMXOY - YN (193uB)) @50 4B eB8I0AY QWY _o<m
£

100 .- -- 36 .. .- TviolL H
&
3
<
VN 2-306 VN 8-3LL }-30°) 1-36'¢ susIysuAYg
VN 8-30') WN 6394 2301 2308 hinasepy
wN 8-36°L WN L-38'9 z-301 1+3r'¢c pea-
§-3€C z-302 1-39y 0t-35'S z-30r' 8-36°¢ 1-30'1 1-302 oweyiyd(iAxeyihie-2)sig
$-36¢ €309 1-35°} 8-3rs 0+30E'Y 8-3¢ <301 1-3r9 wnjjleg
VN L-38°Y YN 8-ty 1-30'4 31T sueyjusionyj(q)ozueg
VN 1-382 WN 8-3re 4-30°4 132 suBIyUe(s)ozueg
WN 9-30G 6-359 0+3002 6-3¢¥ z-309 z-39¢ 1224 Jopory
€-36'S r30¢ 301 L1-3€T 0+305°t 4354 301 0+3L¢L djuessy
Thep-BuBw) ThepBuBuw) 1-(kep-BuBul ~ (Repbxduw) sav  (byouw)
lueiiond an AsiY Jedue) 4 uojjsnueduo) |edjweyn
piezeH 180 av - [L2]e) av juswipeg
819043 djusBoujdieauon 8190443 djueBoujdie)y
SIEA YRS ROND - 5
Jeouwauou (sAep) [71%3 v J0]38) GUSIOUDE V]
Je0ued (shep) 0SS'SZ 1v oswn BuiBesens 1y #9J8 @OBPNS UNS (VS
(B%) Sl M8 whemipoa :ma 10128) UOIS10AUOD 4D .
(BuyyBy) 031 N fouenbey sinsodxe 333 Jojas) vordiosqe S@Y 3
(1eakshep) 143 43 LopvINp einsOXe Q3 ¥O$ U1 UOHBIUOIUOD (LY 'SD| ‘eleum 3
(s1m04) 9 a3 ) 2
(uane/zumn) 0sLi vs m.
(zguoybui) 4 v e d¥XMme_ 2
(ssajuun) - sav 43%XQ3 X VX VYSX JOXSAY XSO = ojejy) -
(Bw/Bw) - K% :810)204 0insodx3 :uopenbz einsodx3z

PIIYD - 98] WY - Juswipeg YiIm JOBU0 jeunseq

o)IS lijpusngoy puejied

9



L] ..:!s.e).oo_oow ua, ‘0Q

SVCI-NYU auary

§
E
€
( N) 830Q Ajug eBeseny : jqy
©|quieA® Jou uouNLI Ao} - YN (193u8)) e30Q A eBeseny owney : lani§
—]
: H
000 .- b 4-30'y .- i aviol >
: g
]
H
VN L-aLre WN ) -3¢ -30'8 }-36°¢ suenjueueyy
VN 6-35°L WN 6-302 T30 2300 Ainosepy
WN 9-32¢ wN 98314 z-30°4 i+3r¢ pee)
9-3re 2302 L-38'4 01-30'6 3001 8-3r9 1-30'4 1-30T oemEyyd(Kaeuke-z)eg
§-32'}) €-30'¢ 8-309 8-360 0+30¢Cy e-3i'z ¢-30') 1-3r'e wnylieg
WN 1302 WN 8309 301 31 ouayusiony(qlozueg
VN L3y VN 8-36'¢ 43070 321 eusoesyius(e)ozueg
wN 9302 e3ry 043002 6-30°L z-300 z-30¢ 122} Jopory
e r30¢ L-3TL L-aLe 0+305'3 L35 301 0322 ouensy
oo BB (ep-Badw) B> ) (Kup-Bi/Bu) sav L)
juenonp ai 38|y JooueD E uofiesjueauo) |edjwey)n
piezey 1810 av a0 av luewipag
$)2043 djueBoujdusauoy 81303 djueBoujaien
SNEA JyrIeds (SORLRLD - ,
J9aueduou (sAep) o8l'e 1iv Jojoe) edUesepE al<_
J23ueo (shep) 0s5's2 v own buBesenw :)y 808 0opns U yS
(6x) oL L] Woemipoq ‘Mg 1018 UOIBIEAUOD :3) -
(BwyBy) 9-34 40 Kauenbeyj ensodxe (43 J0)38) vondiosqe sgy| W
(1eaksshep) oy 2 uogenp ensoxe ‘03 ‘PO U1 UORRAUSIUOD (RN (SO ‘o10ym 3
(sie0h) 4 a3 B
(wuerezwd) 000§ vS w..
(gwaBuw) J v —_— . __ivXma ]
(ssejuun) - sav 43xQ3IXJVXVYSX 4D XSEY X §I = 0yBju| -
(Bx/6w) - K] :810)28y4 aunsodxzy ‘uopenbz einsodxz

NNpY - 888D JWY - JUGWIIPBS )M JIRUOD [BuLIag
8)iS liypue] peoy puejien
0i-a ejqeL




"3u) ‘juewuoAU3 pus ABojod3

L8/92/¢ ojeq
SIX I~NVIUVD :oweuepy

‘01qRIeAR Jou UOPEID AyiXo] : YN
(192193u0N) e50q Aeq eBeseny : gy
(ie3u)) es0q 448 eBsieay swney : 1QvY

-39°L b .- $-3T4 .- e Iviol
$-3TT €309 L3¢ o01-3¢°) Z-304°4 8-31°4 ¢3S eusyeosojydu}
VN 9-36'9 WN 4-36'S 0+392 osuslyjusueyyg
9381 Z-30'9 2-31) ti-30'9 €-305¢L 6-306 c-300 9puojy ausihylepy
WN -3l WN 4351 1-39'9 Aindsepy
WN €-36¢ VN r-35°C c+31°4 peeq
VN 9-35°1 8-3¢6 1-30€L L-3¢€4 -39°¢ oueikd(pa-¢°2't Jouspu;
€-3Ire $-30's 3L -3eT 143084 8-3ri -39 . uupieiq
€352 302 §-36'0 9-36'S 3001 93T 14364 ojejsyIyd(jihxeyikyie-z)eig
WN 9-35°L YN 2-3¢'L b-3L'§ ousilied(i'y'b)ozueg
VN 9-31'¢ 9-36'4 0+30¢€°2 L-39¢ 04321 euesfd(e)ozueg
VN 8-32¢ 8-302 T-30¢€L 3Le 0+32'1 sueyjueainy(y)ozueg
VN 9-32T 3L 1-30€2 -3¢ 0+30'4 eusyjusainy(glozueg
WN 9-30°¢ 2-3re 1-30€°L 2-3¢€ 0+3§°) SueamIyjue(v)ozUeg
rasec €30S -394 4-36'9 o+30€CY 435} $-32'9 wnyliog
1-399 §-30 S-3¢'t 832 043002 o314 0+30°S ¥S2i lopasy
YN $-39'1 8-38C 043002 -3yt o+31'9 o¥Zi Jopary
z-396 r30¢ §-36¢ 9-3L¢ 0+305°}) 9-352 L4310 ouessy
Tep-BwBw)— (Rop Suduw) ~ - TRep-Budiw) Thep-BwBw) B (7. )
juelionp ai Y81y Je0ue) 48 uonefuaduo) |ediwey)
PpiezeH fej0 lav el avi os
$120})3 djueBoujaseruon 813643 djueBoujasey
ON{RA oyeds mopey) -, PoISebY Lo |13
Jedumduou (sAep) 0812 1v Aauenbes; emsodxe :43
Jooued (shep)  0ss's2 1v ouy) buBuiene )y uoneinp ensodxe Q3
(B%) st M8 Whemipoq Mg oj8) voseBur Y|
(BuyBy) 83t 49 J0R®) UOISIOAUDD 4D KOS Ut UOHBHUSILOD [EWEYD GO ‘oseym
(ssejpun) 3 (E]
(104rshep) e 43
(s1mak) ] a3 o . AVXME
(Asp/Bun) 00z 1) 43IXA3IXIIXIOXYIXSD = oejuy|
(By/Bw) - .SO !840)294 8.nsodx3 ‘uopenb3 esnsodxzy

4981 |euofieasd8)y Py - 988 IWY - uonsabuj jlos
o)S liypue] peoy puepeg

ti-a eiqey

(™}

ecology and environment

recycled paper



SICI-N or4

“OlqesAs jou Uoueid Ao : wN
(182:80u0N) 9s0Q Aeq ebuieny : av
(192u80) 650 AjRQ 088I0AY ewney : 1y

T-3Irs .- b 9-36°C i b wvioL
9-394 €309 6-39'6 "11-39°¢ Z2-301°4 6-3c¢c Z-31's Quay}eoI0jydu}
VN 438y WN 3L 0+39¢C sussyjlusuayy
-3¢} Z-309 6-35L 14-36'4 €-306'L 6-39¢C 2-30'r opuojyD susjAylepy
VN 4324 VN [ 14 4 1-39'9 Aindiepy
VN rale VN S-3eL c+31'4 peay
VN 431 -39 1-30€°L 8-39¢ 1-39'¢ euaikd(pa-g'Z'1 Jouepuy;
e §-30S -3t 8-39'9 143004 63y Z-3¥9 uupjaiq
381 z-302 936¢ o3t z30v1 932 1+36°1 olejeyiyd(iAxeyiAye-z)sig
VN -3t VN e3¢ b-3L's ousjiad('y'B)ozueg
VN L3ee 1-35°s 0+30€L 9362 0+3Z'4 euesAd(e)ozueg
YN 38T 6-3L'S Z-30€¢L 9-38¢ 0+32'1 ousyjusoiny(y)ozueg
VN 1-38°} s-3er -30€°L 9-39'9 0+30'1 susyjuroiny(q)ozueg
VN -3 e-369 1-30¢€°L 8-3ré6 0+35°L oueoBiyluB(8)ozUSg
§-35T €30 -3¢ L-36°1 0+30¢y 8-3¢cy -39 wniilieg
3Ly $-302 L-3re L-3re 043002 L3¢ 0+30° ¥SZ1 Jopary
VN 931t 1-36'L 043002 L-38¢ 0+31'9 8rZ| Jopasy
€-38'9 r30¢ 93T 9311 0+305'} 2-3ve 14311 duesiy
p- p- 1-(Aep-ByBuwi) (Rep-ByBw) — (BwBw)
wenonp N Asiy Jeoue) 48 uolenusauo) |edpusyy
plezey 1e;0 avy fe:Q avi ios
$190})3 djusBoujaivauoy 8120))3 djueBoujasey
onjeA oypeds (wawey) - poiseBu) uoyey i3
Jeouwouou (shep) 092'9 1v Kouenbeyj einsodve 43
193ued (shep) 05§'sZ v ow) 6ubuiens |y uonemp emsodxe Q3
(L] oL ma WuBiemipoq ‘M@ o) uonsebuy ()
(BuyBy)  g-3¢ 40 10108} UOJLIBALCD 4D HO3 Uj UONB|UILOD jrDIWELD '§D ‘o1oum
! (ssaiyun) 1 13
(1eak/shep) or 43
(simoh) g a3 o dVXME_
(AkepBw) oo ol EERNERIERFLESTTEE ) = ayey|
(Bw/Bw) - K5 :840)204 0insodx3z ‘uopenb3 ansodxz

1e8() [BUO|EA126Y )NPY - 088D WY - uolseBu| 05

o)IS lIypPue] peoy puepen
Zi-aojqe)

ecology and environment

recycled paper



0 Wssiomua pus K>3 L8/82E [0eq

SIX I~NY VD ‘oweuepy

(192183u0N) e80Q Ateg eBuseny : gy

‘81QRHBAR JOU UOPI AiPMOY - YN (18u8)) 850 AreQ eBuIaAY swiey : [Qv}

1-39°) .- .- 9-3¢'9 .- i IvioL
9-308 €309 830y 0i-30'4 Z-301°4 8-39'1 1-30'4 [AE [ Quayieolojyon
VN 9-36C VN 4-35'8 1-30'4 04392 eueiyjusuRyy
2-3¢'9 Z-309 8-30°¢C H-328 €-305°2 8-3¢i 301 Z-30v Opuoly) eusiiyiep
VN 8-32'9 WN [ X4 T304 1-39'9 Aindiepy
VN 301 WN §-35°¢ z-30'1 €+311 peo
VN 2-3¢'s VN -394 -30°L 1-39°¢ o:oi&to.n.u.:o:ov:.
€321 $-306- e-309 L£-3¢¢ 143091 8312 =304 3Ire uupelg
r-3ee T30 S-30'1 9-3rQ 300 9-30'9 =304 1436'1 Slejeyiyd(ihxeyifine-z)eg
VN L-3r'S VN -38'1 -30°1 1-32°¢ ousiliad()'y'8)ozueg
VN -3t VYN -3l -30'4 04321 ouesAd(v)ozueg
VN 9-31°¢ VN 4-36°¢ -30'1 0432} ousyjuroiny(y)ozueg
VYN 2-39°6 VN L-3€¢ 1-30'1 0430} eueyjusainy(q)ozueg
VN -3l VN -3y -30'4 0+35'1 SuedBIylue(s)ozURgG
$-3¢€') €306 e-3c9 8-3¢6 0+30¢'¥ e-3z¢C Z-30'4 I5ETA] wnyieg
-3y $-302 9302 9361 0+3002 L-3L'6 Z2-309 0+30'S #5214 Joposy
VN 9-3rec 9-3re 043007 9-32'1 z-30'9 0+31'9 9¥Z1 Jopory
c-are r30¢ 9-30'4 2-3¢'§ 0+305'} £-36°¢ e-30°¢ L4318 Jueny
op- op- 1 TRep By Buw) (Tep-BwBw) sav  (xBw)
\usjionp an ASiY Jeoue) 4 uojigausduo) [edjweyn
Piezey 180 lav 1810 avi [
819043 djueBoujaseauoy $}90))3 JjueBoujdie)
ON{8A Jyeds wojweyd -,
190uwdUGU (8Kep) 09.'9 1v 10108} @dULIeYPE :Jy|
130uwd (shep) 0g5'sZ 1w oun BuiBesens 3y ®0)8 9OBUNS UNS (VS
(C1)) oL M8 Woemipog ‘Mg 10]28) UOISIOAUOD :47)
(Bw/Bx) o34 40 Aousnbeyj emsodve :33 10128) uoyidiosqe ‘S@y
?.0;}».-& 113 43 uUoiisinp emsoxe ‘a3 ROS Uf UOII®JUDUCD 1wy )| ‘oloym
(s1004) 24 a3 )
(ueae/zwa)  ooos vs
(Zuo/Buw) 3 av 1vxma
(ssopun) - sav T THAX03XIVXVE XN SAVXSD = onwul
(B>/6w) - K] :840)284 sinsodx3y . ‘uopenb3z eunsodxz

4esn jeuopealdey )NPY - 688D WY - 108 YIIM I0BJUOCD jewIag
8)IS liljpue] peoy puepes

yi-9 siqet

e

v

ecology and environmeni

recycled paper '



) ..:oES) ABojoo3

P

SWI~-NY wopd

‘01qu|IBAR jOu UOpIID AIXO] - YN

N) 8500 418q eBaieny : gy

(492uB) 050Q ApBQ WOBI10AY BWHEY ian

1-39°¢ .- .- 9-3¢¢ -- -- qvioL
§-30C €309 -3 oL-at'g c-304°4 8-30'4 -30°4 23S susyleaio)you )
. VN - 9-31'9 VN TS 1-30°'4 0+392 eusiyjusueyy
9-35°4 ¢-309 8-3¢¢6 1i-36'¢ €-305°L 6-36'L 1-30°4 230 OPLOWD suejhyjep
VN -3 VN e-3¢'4 <304 1-39'9 Aindsepy
VN 35T VN §-3Z¢ Z-30'4 €+31°4 pro)
WN 9-3¢'1 WN 2-31'1 +-30'4 1-39° QuasAd(pa-g'Z'} Jouspu)
€362 $-30's 2-35°4 2-302 1+300') e-3¢4 1-30') z-3r'9 upipie|g
€-3z¢ z-302 s-3¢p e-3T'9 c-300°) 9-3L'¢ i-30°) 1+36'1 8-.-5:2155»5?5._0
VN 9-3¢'t VN -3 -30°4 b-3aLs eusjlsed()'y'0)ozusg
VN 9-3L'T VN -3¢ -30°1 0+32°4 ouasid(s)ozueg
VN 9-38¢ VN ] -3re $-30'4 0+32°4 susijusainy(y)ozueg
VN 9-3€2 VN 2-302 -30'4 0+30'4 eueyluroiny(qlozueg
VN 9-3r'c VN 4-36'2 1-30°4 0+35°'4 ousdBIYjue(8)oZURG
s-3lec €-30¢ 2-35°4 8-3L'S 0430€Y 8-3¢c°t 301 i-32'9 wnylieg
1-36°¢€ §-302 9-36'9 9-32} 043002 L-36'S Z-30'9 0+30°S #S2} Jopary
VN o-3re -3t 0+3002 L-3TL T-30'9 0+31°9 vz} Joposy
€-3re y30¢ 9-35'2 L-3¢°¢c 0+308°1 -3z 2-30'4 L4311 ojuessy
op- op- ~ 1-Rep-Onduw) ~ (Rep-ByBw) sav (7. D)
juejiond an XSy J03uB) 48 uojienuesuo) {eojwayg
piezeH e:0 av 1eJ0 1avi log
9128))3 djusBoujdivauon $)28}43 3ueBoujaiey
NRA SyDeds BoWey) -,
Jeduwauou (sAep, 081'2 v 10138 ®uULIeUPE 3V
190ued (shep)  0sS'SZ 1v oun) Bubeiens :1y 018 e0BINE Us v )
(0%) sl M8 Wwhiemipoq ‘ma 10128} UOIBIBADD 37
(Ow/By) 931 40 Aouenbe) einsodve :43 10138) uondiosqe sgy
(1eehrshep) 2L 43 Uojjeinp aunsoxs g3 F#OS Ul UOBIUSU0D IR S| ‘eloym
f (s1e04) 9 a3 )
(wenszwo) o521 vs
(zui/Buw) ' 4v oo A¥VXME
(ssopun) -~ sav |, 43XQ3IXIYXVSX IIXSAVXSD = oxejy)
(0x/0w) - Ksle) :840)I84 sunsodx3y :uopenbz ainsodxz
Je8() jeuopeasdny plIys - 888D JWY - (10§ YIIM joRju0) Jewsag
8IS liypue] peoy puepen
c€i-a ejqey
Pt =\

ecology and environment

recycled paper



U} ‘luswuasaugz pus ABoj0o3 L6/9UE 0jeg
SIXI~NVIHVO ‘ewevery

(192193u0N) 0s0Q Ateq ebsseny : iavy

O[QEBAR JOU UOLRIUD PO - YN - (190uR)) 8s0q Aeg o0mieny owqep an
386 - -- 6-3re .- b : aviol
\
-3¢ €-3009 -3rs 01-38C €-300'9 3Ly €+36°¢ 23S eus)eosoj oy}
VN 6366 VN 6-3c¢c 0+362 04392 suejluBueYy
8-31°) \-39'9 6316 z1-30 €-309') 6é-3ie ye3ip z-30'y epuolyd) sueyiepy
S-39'9 WN WN VN VN +-399 Aimosepy
VN VN WN VN VN €+31) peal
VN VN 043049 VN VN -39 ouakd(pa-¢'2'} Jouepuy
$-30°¢ VN 1+300'4 VN WN -39 uupjeIg
6-3r'G z-3L's oi-31'¢ z1-36°4 z-300') 0i-31' 8+3LG 1430} oieeyiyd(xeyihyie-z)sig
wN VN ‘ WN VN VN 51X suapuied()'y'B)ozueg
VN ¢-38L -3 0+301°9 e-3ne 6+3r'1 0+32°) euesid(s)ozueg
VN VN 0+3010 VN VN 0+32'4 eueyiueauny(ylozueg
YN VN 0+304°9 VN VN 0+30'4 euaipueoiny(qlozueg
VN VN VN WN VN 0¢36') susdBNyUN(R)oZURG
€-30¢ WN 0+3000 VN VN -39 wnyieg
396 $-302 o364 6-392 1-300'y 6-39'9 9+362 0+30G ¥52) Jopory
VN eIy 6-3r9 1-300'0 039} 9+32') 0+31°9 8¥Z| Joposty
r30¢ VN 1+308°4 VN VN 1431 ojuessy
Rop-BuBu) (Kep-BuBw) BEELCSIT. ) R T T LI TewmSw)
luenonp ai %S Jooue) 48 uojesjuecuo) |edway)y
piezeH uonejeyu) lav uonejeyu) avi ETY o
81903 djueBoujdieauon $139))3 sjueBoujusy
Snj8A dypeds jwojwey) -,
Jealkekep [T4 oiis 1e skug 00§ UOHETHNRION = JA Aauenbey emsodxe 33
Jeoueduou (shep) 092’8 1iv oswn Builbwiens vy swn emsodxe g3
1eoued (shep)  065'sZ v Woemipoq ‘Mg sie) vonereyul )
. (Bx) oL ma uoamINp e:nsodxe Q3 HOS W '3U0D (wonueYP 8D ‘ssoym
(1eeksskep) z 43
(s1eeh) [£] a3
(Aepysinoy) [] 13 L Avxme
(Aepgw) 0z ] ANV x =Y x 33xQ3xs) 4 = yBlu|
(cw/dw) - K1) :sJ0)2e4 sunsodxzy ‘uopenb3z ssnsodxz

Jesq jeuopeasday NPy - 6se) JWY - 1|08 W0) siodeEA jo uopeEyy]

oIS llupueT] peoy pueje
9i-8 o|qeL

- v v

ecology and environment

recycled paper



‘9|QEIEAR 10U UOHEIWD APO] - YN

;.

SIX'I-NV" vops

N) es0Q AeQ eBwieay : |Qy

(193us) e50Q Aeq e8vieaY ewnep : IgvY

€-36'9 b b 8-39') = b Iviol
0+300
39l €-300 L-356 01-36'y €-3000 8-329 €+35'¢ Z3'S QueYIe0IORPYY
VN 309 -WN 6-36'S 04362 0+392 sueNjjuBUBYy
83re -390 8-3r9 Ti-3Le €-300'4 636G re3ly 230y 8puojy) sueiyleyy
S-30'9 VN WN VN VN -399 Anmosepy
VN VN VN WN VN €+311 pee)
WN VN 0+301°9 VN VN 1-39°¢ eusskd(po-¢'2' | Jouspu)
$-30'G N 1+300'8 N WN z-3re uppieig
8-30°¢ TS 6-32'Z T30 z-3001 04-36'4 8+3L'S 1+368°4 olejeyiyd(xeyikyie-2)sig
VN WN | VN VN VN 1-3Ls ouejlied(i'y'0)ozueg
VN 11-30°6 ti-362 0+301°9 Ti-30y 6+3r') 0¢32) euasd(e)ozueg
VN VN 043010 WN VN 0+32°) eusyjusony(y)ozueg
VN VN 0+301°9 N VN 0+30'4 sususosny(q)ozueg
WN VN VN VN VN 0+35°') suedsIyjue(e)ozURg
€306 VN 0+30v'0 VN VN -3Le wnylieg
€3aLe $-307 L3¢ 6-30°% 1-300'0 e-31'4 94352 0+30'g 521 Jopory
WN L-3ce 8314 1-300'y 8382 8432} 0+31°9 8rZ1 lopory
y-30¢ VN 1+305°) VN VN 4314 ouesnsy
Oy (cw/Bw)
jusfionpd N A8y Jeoued 48 uojjenuaouod |edjwayy
plezeH uopejeyuj avy uojiejeyu) av dA lios
\
8130}}3 djusBoujauesuon 9)39}43 sjueBoujouey
Sn{BA ypeds feouwey) -,
Jealishep t43 oliS e sheq 008§ UONBTMBIOA = JA + Aousnbey einsodve 33 .
Joourduou (shep)  081°2 1v own Budsiens )y owq emeodxe 13
Jeoued (shep)  055'sZ v Wbemipoq ‘Mg o) voneieyyy i
(6%) [ M8 uonenp esnsodne ‘g3 1108 U} ‘200D (EOHIND (8D ‘oloym
(seekrsiep) [ 1} 3
(sreeh) [} a3
(Aeprasnoy) ] 13 _— __dvxme
(Kep/gw) 114 Hl (V1) x =y x 433xQ3 X8I = 9yeu|
(ew/0w) - «$0 :$10)2e4 0unsodx3y :uopenb3 esnsodxzy

Jesq) |suojieesdey pjIyd - 688 JWY - 10§ Wiosj siodep Jo uopejeyU]
OJIS lljpueT] peoy pueped

sSi-goejquy

ecology and environment

recycled paper



‘) ‘luewwosAu3 pus AB0j003

‘9{qRH8AR 10U UOYEI KiIXO] - YN

168/0U¢ eeq
SICI-NVINYD ‘owsuopy

(192:82u0N) 850Q A¥eq eBeseny : av

(103u83) 050Q AeQ GBRIGAY BINAYT : iav1

3T .- .- 0-3€C'S .- =- avioL
.
L-3ve €-309 €1-39¢ 94-35°L €-300'9 {514 6+3¢') 23S eusyleosoyo)
VN 1i-36'4 WN Ti-3re 6+3¢'1 0+39°C eueIyBUYY
€i-3ec 1-39'9 ci-362 9i-39°1 €-309'1 ri-30°6 6+3¢c'4 z-30Y oplojyd eusjAyien
8-3S'S S-399 ci-aLy VN c1-39'4 6+3¢' 1-39'9 Ay
YN 6-36'L WN 68-3LC 6+3¢C'4 €31’y pea
WN ci-30r Ti-are 0+301°9 1{5- 14} 8+3¢'} 4-39'S oueAd(pa-¢'z' | Jouspu)
631’6 §-30'g €i-30y Ti-38T 1+309°'} €1-39°1 6+3¢c’1 z-3ve uppieIg
6-3¢Z z-aLs 04-3¢') €i-3r9 z-3001 -39y 8+3¢'L 14361 omeLiyd(iAxeyiAne-z)sig
WN 145184 WN ci-art 6+3¢'| -39 ouejlied()'y'8)ozusg
VN ci-3ce -3 0+301°'9 Zi-302 ) 6+3¢'4 0+¢32'} euesAd(s)ozueg
WN 21-39'9 18-30°1 0+301°9 Zi-30¢ 6+3¢'} 04321 ousueoIny(y)ozueg
VN zi-3e'L 11-36°1 0+301°'9 T35 6+3¢'1 0+30°1 ouayweosny(q)ozueg
WN 11-30'4 WN Ti-39¢ 6+3¢€} 0+35'4 eusoBIyIuB(s)ozUEg
ol-39'6 €306 ci-30y b-3r's 0+30v'9 T4-39') 6+3¢€} 1-3Le wnikieg
9304 $-30C ti-30°¢ H-3are 043002 -3z 8+3¢'L 0+30'S ¥SZ) Jopory
WN 1-3ry 11-30¢ 043002 be3st . 8+3¢L 0+31'9 8¥2Z1 Joposy
L-39°2 ¥30€¢ 14-362 . 04-30r 14308°) b-aLe 6+3¢'} 14314 duessy
(T Y Bew) {cuyBw)
ueliond ay %81y Jadue) 48 uonejueduc) |edweyn
piezeH uolejeyu) av uopejeyu) avi 43d ]
812843 djueBoujdseauopn 8130443 sjueBoujaseny
ONEA Syeds woweyd - ,
ﬂo&a».v oy e)g jv sheg JO128 4 UOISSRU 8)8PRIRd = J3d Kauenbey esnsodxe 33|
J90uwducu (shep)  0g2'8 1V . own BuBeiene jy own ensodxe (13
Jooued (shep)  0gs'sZ v ubemipoq ‘Mm@ ol8s vonvIBYY Y|
. (6%) oL M8 uonwnp ensodxe Q3 108 U} "3U0d [PIHLSYD ($D) ‘sloym
(1eakrskep) 14} 43
(s1v04) [£4 a3
(Aepysinoy) 9 13 e dvxme
(Aeprew) o2 Y] (43d11) x *Y1 x 433x Q3 x 89 = OyBY|
(ewyBuw) - K L) :$40)284 8insodx3 :uonenb3z ainsodxz
108(] [eUO|IBEII0Y Y NPY - 688D JWY - I8N - 4|V WO} uojjejeyuy
9)S lipue] peoy pueyes
8i-a oiqel
— Sy

v . v

ecology and environment

recycled paper -



L I

"2 ‘Juewuo. (Bojoo3
SIXE-NVY auery
( N) esoQ Aeq eBsseny : |gy
'9Iqe|19A® JoU UOPeId AjNo) - YN (103u87) 0s0Q A48 Q eBe10AY Suney : avi
3801 -- .- 0i-3¢'6 .- .- violL
0+300
04-32¢ €-30'9 Z1-3sT St-3¢) €-300'9 €132 6+3¢') 23S eueyieooyapy
VN 0i-3¢1 VN -3 6+3CL 0+392Z sueyjuBUBYy
¢i-3€T i-39°¢ Zi-30C 91-32T €-300'1 €-32°1 6+3€'} z-30y oployY eusjhyjepy
2-30°¢ $-39'¢ L-3¢¢ VN Zi-382 8+3¢€1 1-39'9 Andsepy
VN 8-35'S WN 6-3L'y 6+3¢C'1 €+31°4 peey
‘WN 11-38°2 1354 0+304°9 zi-3are 6+3¢') 1-39'¢ QusAd(pa-¢'Z't Jouepy)
e-3are §-30'S c-3Te c-3ry 143094 €i-aL'e 6+3¢} c-3r9 uppe|q
8-39'1 Z-3aL's oL-3c8 [{%- N z-300') 1-30'9 8+3¢€') 1+36L slejeuyd(Axeyikyje-z)sig
VN t1-38'2 WN Z-Ive 6+3¢°) 1-3Lg ouejlied()'y'B)ozueg
VN 11-38'¢ 1i-30°¢ 0+301°'9 z1-30¢ 6+3¢C') 0+32) ouasid(e)ozueg
VN 14-309 1i-32¢ 0+3049 -3 . 6+3¢'1 0+32'} ousylusosny(x)ozueg
YN b3S b-aLe 0+301'9 T-Ary 8+3¢') 0+301 suaylusoiny(q)ozueg
WN b-3€°2 WN Zi-3e'9 8+3¢') 0+35°1 oueaBIyIuN(v)ozueg
8-3L'9 €30  ‘ti3c¢ L-3r'e 0+3009 Z-36C 6+3¢') -39 wnykieg
$-32'1 $-30'2 01-35¢C -3¢y 0+3002 -3z 6+3¢') 0+30'S ¥SZ1 loposy
WN oi-30°¢ 1-32°S 0+3002 11-39C 6+3¢C') 0+31°9 8¥Z1 Jopory
9-38'4 *30¢  01-35'S 04-34°2 1+305°) -aLy 6+3€'} 14311 ajuessy
(Rep-BxBu] (Kep-Bwdw) [ELO>.07. ™ ep-Buuw) Twewl  Gudm)
\uenonp an NSy J00ue) 48 uofjesueduo) |edjwayy
piezeH uopejeyuy av uojiejeyuj iavi 43d llos
$190))3 3jueBoujaieauoy $390))3 djueBoujdie)
Onjea di0eds jwowey) -,
Jeakskep 2L o5 e sheq) 01083 UOISSILT e|ePEd = 334 Aouenbe) einsodxe 33|
Jeousduou (shep) 064z 1 o) Bubeione )y owy) einsodxe 13
Jooued (shep)  0g55'sZ 1v Wbiemipoq ‘ma o191 uoieiBYY) Y
(B) Si M8 Uolieinp emsodxe Q3 1108 U ‘9u00 fEORLEYD ‘8D ‘o1oum
(1wokrshep) gy 43
(si804) 9 a3
(Asprainoy) 9 13 ———_lyxme_
(Aepigw) oz Hl ﬁ (23d/1) x ™y) x 33 x Q3 x sy = e
(gw/Bw) - K] 284 einsodx3 ‘uopenb3 einsodxy

498 jeuopeasdvy pIIYD - 8seD IWY - ¥18nq - 4|y Wiol) uojjejeyu)
o)iS lIjpue] peoy puejies
Li-8 ejqe}

ecology and environment

recycled paper



q)

recycled paper

ATTACHMENT C
ODNR SPECIES INVENTORY

ecology and environment

KJS102_RI



o am 1QU=13="95 10:2S  (D:ODMR CCLUMEUS TEL r-ao:el-xst:oeé- gses FO2

)

George V. Voinovich * Governo
Donaid C. Anderson ¢ Directo:

November 18, 1996

Andrew J. Chartrand

Ecology & Environment, Inc.
6777 N. Engle Rd.

Middleburg Heignts, UH 44130

Dear mr. Chartrana:

After reviewing our Natural Heritage maps and files, | find the Division of Natural Areas and
Preserves has no records of rare species in the Garland Road Landfill site, including a 1.5 mile
radius, on the West Milton Quad. There are no existing or proposed state nature preserves at the )
project site. However, the landfill is located along the Stillwater River which is a designated |
component of the State Scenic River system. | have enclosed a brochure about the river. For
additional information, please contact our Southwest Ohio Scenic River Coordinator, Bob Gable,

at: (phone) 937-854-0350, (fax) 937-854-9407, or 4675 N. Diamond Mill, Trotwood, OH, 45426-
47254

Our inventory program has not completely surveyed Ohio and relies on information supplied
by many individuals and orqanizations. Therefore, a lack of records for any particular area is not
a statement that rare species or unique features are absent from that area. Please note that we
inventory only high-quality plant communities-and do not maintain an inventory of all Ohio wetlands.

Please contact me at 614-265-6818 if | can be of further assistance.

Sincoroly,

N birie (nacdd,

Debbie Woischke, Ecological Analyst
Division of Natural Areas & Preserves
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