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RISK ASSESSMENT ACRONYMS DEFINED

Acronym
1 ,2-DCA
ARAR
ATSDR
AWQC
EERA
EGS
EHHRA
C
CCME
COPC
COPEC
CRA
C'SF
CT
DF
EE
ER-L
ER-M
ESV
FS
HI
IAC
IDEM
IRIS
LE
EEL
LTGWM
M
MCL
nig/L
NINA
MOEE
MW
MOAA
NOS

Definition
1 ,2-dichloroethane
Applicable or Relevant and Appropriate Requirements
Agency for Toxic Substances and Disease Registry
Ambient Water Quality Criteria
Baseline Ecological Risk Assessment
Below Ground Surface
Baseline Human Health Risk Assessment
Maximum Concentration reported from non-background samples
Canadian Council of Ministers of the Environment
Chemical of Potential Concern
Chemical of Potential Ecological Concern
Conestoga-Rovers & Associates
Cancer Slope Factor
Central Tendency
Detection frequency
Environmental Evaluation
Effects Range-Low
Effects range-Moderate
Ecological Screening Value
Feasibility Study
Hazard Index
Indiana Administrative Code
Indiana Department of Environmental Management
Integrated Risk Information System
Leading Edge (refers to well location in plume)
Lethal Effects Level
Long Term Ground Water Monitoring
Meter
Maximum Contaminant Level (pg 9 1st occurrence)
Milligrams per Liter
Monitored Natural Attenuation
Ministry of Environment and Energy
Monitoring Well
National Oceanic and Atmospheric Administration
National Ocean Service (NOAA)

MPDES ! National Pollutant Discharge Elimination System
NPDWR National Primary Drinking Water Regulations
NSDWR National Secondary Drinking Water Regulations
OMA Office of Marine Assessment (NOAA)
OU 1 Operable Unit One - Landfill Cap
OU1 BHHRA Risk Assessment for other media (air, sediment/surface soils, surface

water) was previously submitted to IDEM as Appendix J of the OU1 RI
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GUI
Groundwater
BHHRA
OU1 RJ
OU2
OU2 BHHRA
PEL
PRO
PRP
RA
RAGS
RAIS
HAL
RCRA
RD
FID/RA
RfD

Rl
IU/FS
FIME
ROD
RW
SF
SQC
TBC

report ("Human Health Risk Assessment, Appendix J to OU1 Remedial
Investigation [RI] Report") (CRA, 1996c)
The Risk Assessment for the groundwater on-Site was previously
submitted as "Source-Area Groundwater Risk Assessment Technical
Memorandum" (CRA, 1996a)
OU 1 Remedial Investigation
Operable Unit Two - Groundwater
OU2 Baseline Human Health Risk Assessment
Probable Effects Level
Preliminary Remediation Goal
Potentially Responsible Party
Remedial Action
Risk Assessment Guidance for Superfund
Risk Assessment Information System
Removal Action Level
Resource Conservation and Recovery Act
Remedial Design
Remedial Design/Remedial Action
Reference Dose or dose believed to not produce adverse effects even after
long-term exposure
Remedial Investigation
Remedial Investigation/Feasibility Study
Reasonable Maximum Exposure
Record of Decision
Residential Well
Slope Factor
Sediment Quality Criteria
To Be Considered

U.S. EPA United States Environmental Protection Agency
UCL Upper Confidence Limit
tg/L Microgram per Liter
VQC Volatile Organic Compound
WQC Water Quality Criteria
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11.0 INTRODUCTION
The purpose of a five-year review is to determine whether the selected remedy at the
Four County Landfill is or will be protective of human health and the environment. This
review of the Baseline Human Health Risk Assessments (BHHRAs) and Baseline
Ecological Risk Assessment (BERA) is divided into two main sections that focus on the
human health risk assessment (Section 3 - Questions Al to ASA) and the ecological risk
assessment (Section 4 - Questions Bl to B4).

Each review outlines the exposure areas and exposure scenarios that were evaluated in
tie risk assessment, and then answers a series of specific questions about changes in the
exposure assumptions, screening criteria, and toxicity values that were employed in the
risk assessment. The degree to which the changes increase (or decrease) estimated risks
and thereby affect the p>rotectiveness of the established remediation goals, and whether
remediation goals need to be modified to maintain protectiveness are evaluated.

As part of the technical review of the remedy, a review of the Baseline Human Health
Risk Assessments (BHHRAs) is required primarily to address the following questions:

• In the time since the BHHRA was prepared, have there been changes in the site
conditions, site setting, or the existing or anticipated land uses at the site? If so,
do the changes require that additional pathways or receptor groups be evaluated or
that any pathway be re-evaluated using more protective exposure input
assumptions in order to avoid underestimating potential risks?

• Have there been changes in the Applicable or Relevant and Appropriate
Requirements (ARARs) or To Be Considered (TBC) values that were used for
screening purposes in the Chemical of Potential Concern (COPC) selection
process for the BHHRA? If so, do the changes include lower screening values
that lead to the identification of additional COPCs in any of the exposure media?
Are risks associated with newly identified COPCs greater than acceptable target
levels?

• For COPCs identified and evaluated in the BHHRA, have new toxicity values
been introduced or have the original toxicity values been revised in the direction
of greater toxicity (i.e., to higher cancer slope factors or to lower reference
doses)? If so, are estimated risks associated with a newly introduced toxicity
value or the increases in risk associated with a revised toxicity value significant
(i.e., greater than the selected target risk level)?

• Are the existing remediation goals (presented in the feasibility study) still
adequately protective of human health or should new remediation goals be
developed in light of the additional risks associated with newly identified COPCs
or revision of toxicity values?

2.0 BASELINE HUMAN HEALTH RISK ASSESSMENT REVIEW
The Four County Landfill began operations in August 1972, initially accepting only
sanitary waste, which was disposed of in unlined pits and covered with backfill. Over
time, additional types of waste were accepted and eventually, the site was accepting
hazardous wastes as defined by the Resource Conservation and Recovery Act (RCRA).
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In 1973, the Indiana State Board of Health ordered the cessation of disposal of barrels of
solvents at the site. The State Board of Health approved the disposal of industrial wastes
i icluding plating sludge, asbestos, and liquids at the facility.

The Four County Landfill operated under interim status under RCRA, 42 U.S.C. #6901-
6991 requirements from November, 1980 to March, 1989, when the U. S. District Court
for the Northern District of Indiana ruled that the landfill operations had violated
requirements applicable to landfills and ordered the owners and operators to immediately
cease receiving hazardous wastes, to implement a closure plan for the facility, and to
i nplement a facility investigation and corrective action.

In 1991, the owners and operators filed bankruptcy petitions. The Indiana Department of
Environmental Management (IDEM) then pursued the Potentially Responsible Parties
(PRPs) under the Indiana State Cleanup Law and entered into an Agreed Order to
conduct site maintenance activities, identify the nature and extent of contamination, and
provide alternatives for cleanup. In 1998, a group of PRPs entered into an agreed Order
with IDEM to perform the Remedial Design/Remedial Action (RD/RA) for the first
Operable Unit (OU1 - Landfill Cap) at the site.

2.1 Summary of the OU1 Risk Assessment
Construction of the OU1 RA was completed in December 1999. The RA consisted of
construction of a geocomposite cap, with a flexible membrane liner (FML), geonet, clay
and topsoil layers over former landfill cells, to isolate contaminants from rainwater
percolating through the cells. In addition to cap construction, an area of contaminated
soils was identified west of the landfill proper (CRA, November, 2000c). The most
highly contaminated soils were excavated from this area in 1999, transported to the
landfill, and covered by the clay cap. Soils with lesser amounts of contamination were
kft in place.

The RD/RA Plan for OU2 (Groundwater) was approved in 2001. Six remediation
alternatives and variants were considered for OU2. The selected alternative consisted of
Monitored Natural Attenuation (MNA) in association with the OU1 landfill cap as the
source control. Monitored Natural Remediation (MNA) was selected on the basis of the
OU1 Remedial Investigation (RI) which indicated adequate evidence that natural
biodegradation was taking place at the site. The RI indicated that a narrow plume of
Volatile Organic Compounds (VOCs) had migrated approximately 900 feet
north/northeast from the northern landfill boundary. The major VOC contaminant was
identified as 1,2-dichloroethane (1,2-DCA). Other VOCs in the plume included benzene,
carbon tetrachloride, and vinyl chloride.

An Environmental Evaluation (EE) Report, completed for the Four County Landfill site
by CRA in 1995, had the objective of presenting a qualitative evaluation of the actual or
potential ecological impact poised by COPCs on the ecosystem or parts of the ecosystem
around the vicinity of the site. A landscape environmental evaluation (Christopher B.
Burke Engineering, 1995) was prepared as Appendix A to the EE.

The Baseline Human Health Risk Assessment (BHHRA) for OU1 was included as
Appendix J to the OU1 Remedial Investigation Report. The specific guidance utilized in
tie development of the OU1 BHHRA included:
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1. United States Environmental Protection Agency (U.S. EPA) Risk Assessment
Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part
A) (RAGS) (Interim Final, EPA/540/1-89/002, December 1989 (US EPA,
1989b),

2. RAGS Volume II: Environmental Evaluation Manual (Interim Final,
EPA/540/1-89/001, March, 1989 (1989a), and

3. IDEM direction to assess the risk associated with a potential construction
worker's exposure to perched water present in Unit A in close proximity to
the landfill, in addition to potential risk resulting from the use of Unit B and C
groundwater within the landfill as a potable and irrigation source water.

Environmental media covered in the OU1 BHHRA included source-area groundwater,
sediment, surface water, and air.

Human health exposure pathways evaluated in the OU1 BHHRA were the following:

• Sediments

o Dermal contact by workers, occasional visitors or off-Site residents, and

o Incidental ingestion of sediments by workers, occasional visitors, or off-Site
residents.

• Groundwater

o Ingestion - drinking water - off-Site residents

o Dermal contact - off-Site residents,

o Inhalation of volatiles - off-Site residents,

o Ingestion - home grown fruits and vegetables - off-Site residents

o Ingestion - incidental pooled water - on-Site construction worker,

o Dermal contact - on-Site construction worker, and
o Inhalation of volatiles - on-Site construction worker.

• Air

o Potential inhalation of volatiles by on-Site workers, and adults and children
residing immediately adjacent to the perimeter of the site.

The evaluation and selection of potential routes of exposure assumed that future on-Site
potable wells would be eliminated by deed restrictions, so that exposure to groundwater
could either be through breaching of the landfill cap or migration of groundwater from
the Site.
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The following (Table Al-1) were selected as COPCs for OU1 (CRA, July, 1996b):

Table Al-1
OU1 Chemicals of Potential Concern (COPCs)

Four County Landfill
Fulton County, Indiana

(from CRA, 1996b)

GROUNDWATER ' .

: Current .•".; '
Unit A

VOCs
Acetone
Benzene
2 Butanone
Carbon Tetrachloride
Chloroe thane
Chloroform
Dichloromethane
1 1-Dichloroethane
1 2-Dichloroethane
4 Methyl-2-pentanone
1 1,2-trichloroethene

T;trachloroethene
Toluene
Trichloroethene
Metals
Arsenic
Antimony
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury
Nickel
Selenium
S Iver
Vanadium
Zinc

Units B and C
VOCs
Dichloromethane
1, 2-Dichloroethane
Vinyl Chloride

Metals
Arsenic
Barium
Chromium
Copper
Lead
Manganese
Nickel
VanadiuTi
Zinc

Future
Units B and C

VOCs
Benzene
Chloroform
1 ,2-dichloroethane
Dichloromethane
Trichloromethane
Vinyl Chloride

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury
Nickel
Silver
Vanadium
Zinc

SEDIMENTS
r

VOCs

Metals
Antimony
Beryllium
Nickel

AIR

>' . : • • ' • '
* •

VOCs

Acetone
1,1-Dichloroethene

Metals

All chemicals detected in Unit A groundwater were listed as Chemicals of Concern
(COPCs) due to the restricted number of samples. All chemicals occurring in more than
5% of samples for Units B and C were evaluated as COPCs.

In surface water and sediment, all chemicals reported in at least one sample in each media
v/ere evaluated as COPCs. Chemicals that contributed one (1) percent or greater to the
total score for either carcinogens or non-cargcinogens met the toxicity criteria.
Chemicals considered to have relatively low carcinogenic or non-carcinogenic scores
(i.e., those contributing less than one percent of the total carcinogenic or non-
carcinogenic toxicity scores) were excluded from the risk assessment. For sediments, a
chemical had to be reported as present in at least one sample at a concentration greater
tian twice the concentration reported in the Site-related background samples for the same
nedia (consistent with selection procedures identified in U.S. EPA (1989b).
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For surface water and sediments the carcinogenic score was computed as:

Score = DF*C*CSF, where:

DF = Detection frequency (# detections/# of Samples)
C = Maximum Concentration reported from non-background samples
C'SF = Cancer Slope Factor

The CSFs were determined from US EPA (1986, 1989b).

For surface water and sediments the non-carcinogenic score was computed as:

Score = DF*(C/RfD), where:

E)F = Detection frequency (# detections/# of Samples)
C = Maximum Concentration reported from non-background samples
RfD = Reference Dose or dose believed to not produce adverse effects even after
long-term exposure

The RfD was determined from US EPA (1989b).

C'OPCs evaluated in air included all chemicals detected in collected air samples from the
Site during the RI.

Human Health risks associated with OU1 groundwater were evaluated for both current
and future impacts. Current impacts for Unit A were evaluated on the basis of
concentrations from the entire Unit A data set. Potential current exposures to Units B and
C were based on concentration data at the property line. In order to evaluate potential
f jture exposure from Units B and C for off-Site residents, the entire on-Site data set for
Units B and C was used, since there was no off-Site data available. .

The OU1 BHHRA report determined that there are potential human health risks from
contact with contaminated groundwater, with 1,2-Dichloroethane (1,2-DCA) driving over
90% of the estimated risk. In addition to the MNA, private residential water wells have
been monitored since approximately 1998. At the time of the OU1 implementation, none
of the private wells had shown VOC impacts.

2.2 Summary of the OU2 Risk Assessment
The RD/RA Plan for OU2 (Groundwater) was approved in 2001. Six remediation
alternatives and variants, were considered for OU2. The selected alternative consisted of
Monitored Natural Attenuation in association with the OU1 landfill cap as the source
control (CRA, 1996b). Monitored Natural Remediation (MNA) was selected on the basis
of the OU1 Remedial Investigation (RI) which indicated adequate evidence that natural
biodegradation was taking place at the site. The RI indicated that a narrow plume of
Volatile Organic Compounds (VOCs) had migrated approximately 900 feet
north/northeast from the northern landfill boundary. The major VOC contaminant was
identified as 1,2-dichloroethane (1,2-DCA). Other VOCs in the plume included benzene,
carbon tetrachloride, and vinyl chloride.

A site-specific "Off-Site Groundwater Risk Assessment" was performed for OU2 by
CRA (2000b) as Appendix L of the OU2 Remedial Investigation report. This "Off-Site
Groundwater Risk Assessment" was intended to characterize potential current and future
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impacts to human health associated with chemicals of potential concern in groundwater
off-Site. This report constituted the primary OU2 human health risk assessment and is
hereinafter referred to as the OU2 Baseline Human Health Risk Assessment (OU2
EiHHRA).

A Risk Assessment for other media (air, sediment/surface soils, surface water) was
previously submitted to IDEM as Appendix J of the OU1 RI report ("Human Health Risk
Assessment, Appendix J to OU1 Remedial Investigation [RI] Report") (CRA, 1996c).
The Risk Assessment for the groundwater on-Site was previously submitted as "Source-
Area Groundwater Risk Assessment Technical Memorandum" (CRA, 1996a). These
documents will be referred to as the OU1 BHHRA and the GUI Groundwater BHHRA
respectively in this report.

Ii the OU1 RI report, CRA (1996b) divided the groundwater under the site into three
identifiable units (Units A, B, and C). Unit A was identified as the uppermost water
bearing unit in the glacial tills, insufficient to supply potable water. Units B and C were
identified as deeper units capable of producing potable supplies. CRA also prepared the
EEnvironmental Evaluation (EE) report for the site in 1995.

The specific guidance utilized in the development of the OU2 BHHRA ("Off-Site
Groundwater Risk Assessment") included:

1. United State;; Environmental Protection Agency (U.S. EPA) Risk Assessment
Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part
A) (RAGS) (Interim Final, EPA/540/1-89/002, December 1989; and

2. Additional guidance, criteria, and reference documents, as applicable.

F our major segments comprised the OU2 BHHRA document:

1. Selection of Chemicals of Potential Concern (COPCs),

2. Exposure Assessment,

3. Toxicity Assessment, and

4. Risk Characterization.

The OU2 BHHRA identified the following potential human exposure pathways for off-
5 ite groundwater.

• Ingestion of drinking water - off-Site residents,

• Dermal exposure while showering/bathing - off-Site residents,

• Inhalation of volatiles while showering/bathing - off-Site residents,

• Inhalation of volatile emissions from a large-scale irrigation system -
agricultural workers,

• Ingestion of home grown fruits and vegetables irrigated with groundwater -
off-Site residents, and

• Ingestion of meat (beef, pork, and poultry) obtained from animals watered
with groundwater - off-Site residents.

The OU2 BHHRA was structured to evaluate risk in the following three separate off-Site
areas:
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• Upgradient Sector (areas west and south of the site to represent baseline
groundwater quality conditions),

• East Downgradient Sector, and

• North Downgradient Sector.

Hazard indices and added cancer risks were not calculated in the OU2 BHHRA for the
Upgradient Sector, since there was no exposure to potential COPCs from the site, and no
lifetime cancer risks were developed for the East Downgradient Sector since there were
no carcinogenic COPCs identified in this sector. For all exposure pathways, the OU2
BHHRA hazard indices for the East Downgradient Sector were below the U.S. EPA
target of 1.0, the level of potential concern.

The results of the OU2 BHHRA indicated that lifetime excess cancer risks were higher
than the U.S. EPA target risk levels for future residents living in the North Downgradient
Sector, assuming groundwater is used for potable purposes. The chemical 1,2-DCA
c ontributed over 90% of the total estimated risks. The additional COPCs, including
benzene, carbon tetrachloride, and vinyl chloride, all had individual estimated lifetime
cancer risks within the U.S. EPA target risk range of 10"6 to 10"4. The hazard indices for
future residents in the North Downgradient Sector also were above the 1.0, the level of
potential concern, with 1,2-DCA comprising over 90% of the total hazard index.

The OU2 BHHRA noted that there currently was no excess risk associated with
groundwater exposure north of the site. Only two potential groundwater exposure
locations were present in the North Downgradient Sector area north of the site (King
Lake Baptist Church and a cottage north of the wetland area), and there was only very
limited potential for future residences due to the presence of a large wetland.
Groundwater monitoring to that date had indicated that COPC concentrations were
limited to the lower portion of the Unit C aquifer at depths greater than 100 feet. Well
records from the area indicated that abundant potable water supplies were available at 60
to 80 feet below ground surface (bgs), so it would be unlikely that future residential wells
would be installed at greater depths.

The OU2 BHHRA concluded that the hazard indices and excess cancer risk for an
agricultural worker operating a large-scale irrigation system in the North Downgradient
Sector were slightly above the non-cancer hazard level of potential concern and U.S.
EPA's cancer target risk range. However, the presence of the large wetland, wooded
areas, and multiple small plots of land made operation of a large-scale irrigation system
unlikely in this sector.

The following assumptions were made and/or uncertainties were identified in the OU2
BHHRA:

• Actual exposure to homegrown fruit and uptake of chemical by fruit was
unknown and conservatively estimated,

• Exposure of agricultural workers to volatile emissions from irrigation systems
was unknown and assumptions were made,

• Future land use and conditions were assumed to remain the same,
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• COPC concentrations in groundwater were assumed to be at a steady state
over time with no natural decrease,

• 100% absorption of ingested chemicals was assumed,

• Unacceptable carcinogenic risks for carcinogenic chemicals was assumed to
be several orders of magnitude below their respective hazard indices, so lack
of RfDs for some carcinogenic chemicals was not considered an issue,

• Dose-response uncertainties may result from CSFs and RfDs derived from
animal studies, but assumptions were believed to be conservative in nature,
and

• Uncertainty concerning synergistic and additive effects.

Cl.O FIVE YEAR BHHRA REVIEW

3.1 Question A1
Al. In the time since the BHHRA was prepared, have there been changes in the
site conditions, site setting, or the existing or anticipated land uses at the site? If so,
do the changes require that additional pathways or receptor groups be evaluated or
that any pathway be re-evaluated using more protective exposure input assumptions
in order to avoid underestimating potential risks?

3.1.1 Land Use Status
The current conditions and land uses within the Four County Landfill site have remained
essentially unchanged from conditions described in the OU2 BHHRA. According to
Robert Minarik, a nearby resident of the Site, there are no anticipated or reasonably
foreseeable changes in land use or conditions within the site that would affect the
conclusions from the OU2 BHHRA.

In the five years since the OU2 BHHRA, land use within OU2 and the area surrounding
the Four County Landfill site has also remained essentially unchanged. Specific local
changes have included the following:

• Addition of one new residential/recreational trailer unit down gradient of the site,
on the east side of Highway 17 in the vicinity of MW-122. This unit appears to
be used only on weekends and is believed not to have a residential well.

• Addition of a second residential trailer unit down gradient of the site on the east
side of County Road 1000 W in the vicinity of MW-125, approximately 1,200
feet north of the Four County Landfill site.

• Increased efforts by a nearby up gradient landowner, west of the Site, to increase
wildlife habitat and wildlife utilization and enhance property for outdoor
recreational purposes.

'"he establishment of a privately developed wildlife refuge or management area is not
c onsidered to significantly alter the human health routes of exposure developed in the
OU2 BHHRA. The addition of one additional residential unit within the vicinity likewise
does not result in a change in the routes of exposure.
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3.1.2 Groundwater Conditions
Table A1-2 lists the maximum concentrations of monitored chemicals found in on-Site
and off-Site monitoring wells through the first eight quarters of MNA Monitoring. Table
A1-3 summarizes all chemicals that have been detected in the on-Site and off-Site wells
during the RI/FS, Long Term Ground Water Monitoring (LTGWM) program, and OU2
NfNA monitoring periods. The LTGWM program CRA, 2003) was carried out in 2001
and 2002 to provide additional data prior to establishing the MNA program. A total of 30
v/ells were sampled eight times between October 2000 and August 2002 during the
LTGWM program. An additional well was sampled twice. Not all parameters were
sampled in each period at each well, but VOCs were generally sampled during each
event. The LTGWM program was conducted after the OU2 BHHRA and the Baseline
Ecological Risk Assessment (BERA) were completed. Results from the LTGWM
program are included with the MNA data in Table A1-3. Because metals concentrations
remained low and detections of most heavy metals were at less than 5 percent of total
samples in the LTGWM program, metals were dropped from the sampling list during the
MNA monitoring. Thus the RI/FS data used in the OU1 Groundwater BHHRA and the
LTGWM data remain the only metals data for the groundwater. Results of the LTGWM
have been incorporated and considered in this BHHRA review in addition to the RI/FS
data.

Several VOCs that were detected in the RI/FS and considered in the OU2 BHHRA have
not been detected during the eight quarters of MNA monitoring. These are acetone,
bromodichloromethane, bromomethane, 2-butanone, carbon disulfide, chloroethane,
dichloromethane, ethyl benzene, and xylenes. One chemical, 1,1,2-trichloroethane, has
been detected in the MNA monitoring, but was not reported during the RI/FS sampling.

The MNA groundwater monitoring results since the OU2 BHHRA have indicated that the
plume of groundwater contaminated with VOCs has increased in extent, with the plume
now extending to MW-130, approximately 1,400 feet northeast of the site boundary
(Figure 1). Under current conditions, this may increase the potential receptor wells by
cne or two wells and represents a slight change in potential receptors. Continued
expansion of the contaminant plume could result in potential incremental effects on the
affected population and on the magnitude of the groundwater residential
ingestion/dermal/inhalation route of exposure.

Ii order to monitor the plume, five additional wells (SC-1, SC-2, SC-3, LE-1, and LE-2)
v/ere installed in June 2004 because of indications that the plume was expanding beyond
the originally defined bounds. SC-1 was a dry hole and was not developed as a well.
E!ased on monitoring data from these new wells, the plume is now believed to extend
approximately 1,400 feet northeast of the site. The information indicates that the plume
is very narrow, with continuing exceedances of MCLs for benzene, carbon tetrachloride,
1,2-dichloroethane and vinyl chloride.

The verified extent of the plume also is beginning to approach pasture and cultivated land
h the vicinity of wells MW-130 and LE-2 northeast of the site. To date, the agricultural
worker and agricultural products pathway scenarios have been generally hypothetical in
rature, since there were no active agricultural land uses in the immediate down gradient
\ icinity of the site. Current data from the MNA network indicates that the plume is now
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extending under cultivated land north of the site and may underlie pasture land northeast
of the site. However, since the agricultural worker and agricultural products pathway
s:enarios were assessed in the OU2 BHHRA, this does not result in the addition of a new
route of exposure.

Since the potentially affected aquifer in the North Downgradient Sector may now extend
farther to the northeast than at the time of the OU2 BHHRA, the additional area of
exposure currently may affect one to two additional residential wells. If the plume
continues to expand to the northeast, the future scenario could include effects on one to
two additional residential wells. A greater number of residential users could be affected
if agricultural land were converted to residential. However, there are no indications that
such a conversion will occur in the foreseeable future.

2.1.3 Residential Wells
Approximately twelve residential wells are present within the North Downgradient Sector
and approximately 2 wells are present within the East Downgradient sector within 1 mile
of the Site. The OU2 BHHRA made the assumption that the primary zone of
contamination was Unit C of the aquifer at depths greater than 80 feet and that wells in
this vicinity of the Site were generally no deeper than 80 feet. However, subsequent
information (personal communication, W. Wieringa to R. Schlukebir, February 17, 2006)
indicates that three of four wells for which information is available have depths greater
than 80 feet. Thus, the site setting should be reconsidered on the basis that greater
potential residential exposure is possible than anticipated in the OU2 BHHRA.

To date, monitoring data indicates that only one residential well is affected. Nine
samples were collected by URS in June 2004. These included unfiltered samples from
eight wells and one sample from one of these wells after it had passed through a filter.
Additional samples have been collected quarterly from between two and five residential
wells per quarter from September 2004 through March 2006 during the MNA period. A
total of 36 unfiltered samples and 5 filtered samples have thus been analysed during the
MNA period. Residential well 39 (RW-39 at 525 N. Prairie Drive) is the only well in
v/hich chemicals have been detected. Furthermore, vinyl chloride and 1,2-dichloroethane
have been the only chemicals detected. All detections are shown in Table Al-4. RW-39
is located in a cottage in the wooded area approximately 600 feet north of the north Site
boundary and is used on an occasional basis. RW-39 was renumbered as RW-58 in June
2005. It was installed in 1999 to a depth of 122 feet (personal communication, W.
Wieringa to R. Schlukebir, February 17, 2006).

Thr Four County Landfill Potential Responsible Party (PRP) group has installed a filter
system on residential well R-39. Post-filter samples were also analyzed during the
residential well sampling. All of the post-filter samples were non detect for all monitored
contaminants, indicating that filtering and periodic monitoring of wells may be sufficient
tD eliminate ingestion as an active residential pathway.

In summary, the potential for additional new residential potable water wells does not
require that additional pathways or receptor groups be evaluated or that any pathway be
re-evaluated using more protective exposure input assumptions in order to avoid
underestimating potential risks. Although more wells may be affected than originally
estimated, there appear to have been no significant changes in demographics or off-Site
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land uses since the original OU2 BHHRA and no anticipated changes; consequently the
assumptions and variables used in the original OU2 BHHRA remain valid with the
exception of the premise that residential wells are unlikely to penetrate contaminated
portions of the aquifer.

3.2 Question A2
A.2. Have there been changes in the Applicable or Relevant and Appropriate
Requirements (ARARs) or To Be Considered (TBC) values that were used for
screening purposes in the Chemicals of Potential Concern (COPC) selection process
for the BHHRA? If so, do any of the changes include lower screening values that
lead to the identification of additional COPCs in any of the exposure media? Are
risks associated with newly identified COPCs greater than acceptable target levels?

3.2.1 BHHRA COPC Selection
In the OU2 BHHRA, various screening criteria were used to identify COPCs for the off-
Site groundwater. The screening criteria were either risk-based concentrations or
regulatory criteria considered to be health protective. Generally, if the maximum
detected concentration of a chemical in the groundwater was greater than its screening
criteria, the chemical was identified as a COPC. If not, it was screened out. In some
cases, chemicals with concentrations exceeding the screening criteria were eliminated
because the detection frequency was low, the concentrations were similar to background
l;vels, or the chemical was not site-related.

The OU2 BHHRA COPCs for off-Site groundwater were selected consistent with the
OU1 Source Area Groundwater Risk Assessment (CRA, 1996a) and U.S. EPA RAGS
(U.S. EPA, 1989a). Analytes were selected as COPCs if the following criteria were met:

• The analyte was detected in greater than five (5) percent of the total number of
samples, indicating that the detection was not sporadic or occasional,

• For inorganics, the calculated mean concentrations exceeded two times the mean
background concentration,

• The calculated mean concentrations exceeded the U.S. EPA drinking water
Maximum Contaminant Levels (MCLs), and

• The analyte had a published toxicity factor that could be evaluated quantitatively
in the OU2 BHHRA.

"he OU2 BHHRA generally followed the guidance provided in the US EPA RAGS (US
EPA, 1998). For calculating mean background concentrations, non-detects were treated
£ s one-half the detection limit and were included in the assessment only for chemicals
that were detected in more than 5% of the samples for the sector.

Chemicals considered to be essential human nutrients and toxic only at very high
concentrations were eliminated as COPCs for the OU2 BHHRA. These included
c alcium, magnesium, potassium, and sodium. Although vinyl chloride was not detected
in over 5% of samples, it was included as a COPC based on professional judgment and
clue to its status as a Group A human carcinogen.

URS Corporation 9/26/2006



o.2.2 Changes in ARARs and TBC Values
In the time since the OU2 BHHRA was completed, some of the risk-based screening
\alues have been revised and some regulatory criteria have changed. Changes in the
screening criteria and effects on COPC selections are described below.

There have been no changes in the site location specific ARARs since the OU2 BHHRA.
Based on the selected remedial plan, none of the potential action specific ARARs
presented in Table 4.4 of the FS report is currently applicable to the selected plan. The
action specific ARAR for Construction Activity (under 327 IAC 15-5) has changed to the
effect that the minimal area of land disturbance subject to National Pollutant Discharge
Elimination System (NPDES) Rule 5 permitting has been reduced (to 1 acre). This
change will not affect activities under the current OU2 remedial plan.

In the time since the OU2 BHHRA was completed, there have been changes in some of
the regulatory standards used as ARARs and in some risk-based screening values. Table
A2-1 lists the chemical specific ARARs for the Four County Landfill OU2 BHHRA for
all chemicals detected during the Rl/FS and MNA groundwater monitoring. Table A2-1
also compares current ARAR standards to those in effect at the time of the OU1 and OU2
BHHRAs.

Current EPA guidelines for screening chemicals (U.S. EPA, 2003) indicate that the
following hierarchy for screening chemicals should be employed:

1. National Primary Drinking Water Regulations (NPDWR) MCL values

2. EPA Superfund Removal Action Levels (RALs)

3. EPA Preliminary Remediation Goals (PRGs).

The OU2 BHHRA utilized the NPDWS MCLs as ARARs and the National Secondary
Drinking Water Regulations (NSDWR) as TBCs for screening purposes. RALS and
PRGs were not considered in the initial screening. PRGs represent additional
quantifiable screening criteria that were not available for the OU2 BHHRA.

"he OU2 BHHRA utilized validated analytical data for off-Site groundwater collected as
part of the OU2 and supplemental investigations from March through June 1999. The
monitoring wells were grouped by Sector. The North Downgradient Sector includes the
i.rea west of State Highway 17 and east of the wooded area north of the Site. The East
Downgradient Sector includes all monitoring wells east of the Site and east of State
Highway 17. All other wells are included in the Upgradient Sector. In addition to the
permanent monitoring wells, the OU2 BHHRA utilized data from five screening borings
(GS-1, GS-2, GS-6, GS-7, and GS-10) downgradient of MW-124. COPCs were
identified separately for the North Downgradient Sector and the East Downgradient
Sector.

Tables 2.2 and 2.3 in the OU2 BHHRA (Appendix A) list the COPC screening criteria
and occurrence factors for the East Downgradient and North Downgradient sectors from
Ihe OU2 BHHRA, including the rationale for determining COPCs.

Table A2-1 lists the federal and state chemical specific ARARs and TBCs for
groundwater as of April 2006 for all of the chemicals detected in groundwater during
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either the OU1 RI or OU2 MNA monitoring studies. The most restrictive of the
applicable groundwater or tap water criteria are shown in bold type.

Table A2-2 updates the COPC screening process by incorporating changes in ARARs
(i.e. revised arsenic MCL) and using the updated groundwater data from the MNA and
LTGWM programs. When only these ARARs are used for screening, no groundwater
COPCs are identified for the Upgradient (Background) and East Downgradient Sectors.
Vinyl chloride and 1,2-dichloroethane are the only COPCs for on-Site conditions.
Carbon tetrachloride, chloroform, 1,2-dichloroethane, and vinyl chloride are COPCs for
the North Downgradient Sector. Aluminum, manganese, and nickel are flagged from the
RI/TS data set because they were more than twice the background concentration, but
would not be flagged based on only the LTGWM data set, because concentrations are
below two times the background concentrations.

'^able A2-3 provides a more rigorous screening for COPCs by incorporating not only
changes in ARARs (i.e. arsenic MCL) but also additional TBCs (RALs, PRGs) not
considered in the OU2 BHHRA. The screening PRGs are based on the US EPA Region
9 published PRO Table, are current as of April 2006, and represent the most stringent of
the EPA regional PRGs. The PRGs are based on evaluation of risk factors under default
conditions. In this table, the PRGs represent the most restrictive screening criteria for
several of the chemicals.

Inclusion of previously unconsidered PRGs and RALs (see Table A2-1) substantially
increases the number of COPCs to be considered. Chloroform, carbon tetrachloride, and
vinyl chloride would be added as East Downgradient Sector COPCs and benzene would
be added for the North Downgradient Sector. Bromomethane, 4-methyl-2-pentenone,
i nd carbon disulfide would be dropped due to lack of detection in the MNA data set.

"he OU2 BHHRA eliminated several chemicals from the candidate COPC list prior to
c alculation of risk factors. In Table A2-2, the COPC selection process has been reviewed
in light of the new or revised ARARs/TBCs (MCLs, NSDWRs, PRGs, RALs) for all of
the chemicals and metals detected during the LTGWM period (2000-2002) and the MNA
monitoring period (2004-2006) and also for metals as contained in the RI/FS monitoring
period. VOCs, chloride, nitrate, and sulfate have been reviewed based on revised
detection and concentration data from the MNA monitoring period, since this data set is
more extensive than the original RI/FS data set. The data set for metals from the OU2
BHHRA has been retained and reviewed in light of the revised criteria. More recent
rnetals data from the LTGWM program were also included. Table A2-2 summarizes
detection and concentration data from the eight quarters of the MNA program. The data
is summarized for the Upgradient (background) Sector, On-Site Sector, East
Downgradient Sector, and North Downgradient Sector

3.2.3 Additional COPCs and Associated Risks
"he following represent the results of the screening process review for individual
chemicals.

Upgradient (Backgradient Sector)

For this review, a screening analysis was performed for the Upgradient Sector to
determine if the more recent data or screening criteria would identify any potential
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•• COPCs or potential risk factors for this area. Inclusion of the PRG values made no
difference in results for this Sector. No COPCs were identified for the Upgradient Sector
in either screening scenario.

"" On-Site Sector

A groundwater screening analysis also was performed for on-Site VOCs, even though
— this area was originally considered as a part of OU1 and not included in the OU2

BHHRA. Based on the MNA data, 1,2-dichloroethane and vinyl chloride currently
would be considered COPCs for on-Site groundwater. Benzene, carbon tetrachloride,

— chloroform, and 1,1,2-trichloroethane would be added as COPCs if the PRG table were
included as a screening criteria.

East DownGradient Sector

Carbon disulfide and bromomethane were identified as the only COPCs for the East
^Downgradient Sector in the OU2 BHHRA. However, neither compound has been
(detected in any of the MNA monitoring wells over eight quarterly samples. Based upon
i.he MNA data, carbon disulfide and bromomethane can be dropped from further
considerations as COPCs.

<•> Comparison of the MN A-detected chemicals against the original screening criteria used
;n the OU2 BHHRA identified no COPCs for the East Downgradient Sector. However,
when the Region 9 PRGs are included as screening factors, chloroform, 1,2-

m> dichloroethane, and vinyl chloride are identified as COPCs. Chloroform was not
identified as a COPC in any of the OU2 BHHRA screenings, so it represents a new
COPC based on revised screening criteria.

*" No other changes in COPCs result for the East Downgradient Sector as a result of revised
ARARs and TBCs.

—| North Downgradient Sector

Utilizing the same screening criteria as the OU2 BHHRA for the MNA data set for the
North Downgradient Sector, carbon tetrachloride, chloroform, 1,2-dichloroethane, and

«i vinyl chloride are identified as COPCs. All of these except chloroform were identified as
COPCs in the OU2 BHHRA.

Benzene, carbon tetrachloride, 1,2-dichloroethane, and vinyl chloride continue to exceed
m MCLs and are retained as COPCs for this review. Benzene is identified as a current

COPC when the PRGs are included as screening criteria.

mi Benzene was identified on the basis of the PRG, but would not be identified as a COPC
on the basis of the MCL. The difference from the OU2 BHHRA is because the mean
concentration has been lower (0.6 ug/L) in the MNA period than during the RI/FS period

mi (25.6 ug/L). This difference may be due to inclusion of more wells farther from the
source. However, the maximum concentration in the MNA period (23 ug/L) is
substantially less than recorded in the OU2 BHHRA (460 ug/L), indicating that the
difference may be due to decreasing concentrations in the Sector.

Although 4-methyl-2-pentanone and carbon disulfide were COPCs in the OU2 BHHRA,
there were no detections of these chemicals in the North Downgradient Sector during the

«•• MNA monitoring. Thus, they are no longer identified as COPCs for this sector.
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Metals

Aluminum, manganese, and nickel were identified as COPCs for the North Downgradient
Sectors in the OU2 BHHRA, based on mean concentrations being over twice the
background mean concentration and on the frequency of detection screening criteria,
a Ithough they were not present insufficient concentrations to exceed any ARARs.

No additional metals data have been collected in the MNA monitoring period, although
limited new data are available from the LTGWM . Therefore, the metals data from the
OU2 BHHRA were carried forward to the updated review and aluminum, manganese,
and nickel have been retained for risk assessment purposes.

In the LTGWM period, arsenic, barium, calcium, chromium, iron, magnesium,
manganese, and sodium were sampled from both the B and C aquifer units. Zinc and
nercury were sampled in the C Unit only. The LTGWM metals data has been reviewed
and evaluated using the OU2 BHHRA COPC screening criteria. Iron in the North
Downgradient Sector was the only metal that was present at greater than twice the mean
background concentration. Since there is no MCL for iron, it has not been identified as a
COPC. None of the other metals have been identified as COPCs based on the LTGWM
program, due to non exceedance of the baseline concentration criterion.

Aluminum and Nickel

Neither aluminum nor nickel were detected in the 54 groundwater samples analysed in
tie LTGWM program at detection limits of 0.2 mg/L for aluminum and 0.04 mg/L for
rickel. Since aluminum and nickel were not detected in more than 5% of the samples
and there are no MCLs for these metals, these two metals would not qualify as COPCs
based on the 2000-2002 LTGWM data. Consequently, it may be appropriate to eliminate
aluminum and nickel as COPCs at this time.

Arsenic

The maximum concentrations of arsenic detected in the RI/FS in the North Downgradient
Sector and the East Downgradient Sector were equal to or very slightly greater than the
revised arsenic MCL of 0.1 mg/L. However, concentrations equal to the MCL were
detected in only one sample in each sector and the highest mean concentration (0.00359
mg/L) of any sector (North Downgradient) was lower than the background mean
concentration (0.00385 mg/L) as well as the MCL.

In the LTGWM period, arsenic was detected at greater than 0.01 mg/L in all four samples
collected in the single East Downgradient well sampled (MW-107) and in one (MW-112)
cf 12 samples from North Downgradient wells. All downgradient detections were in the
C Unit. Exceedances of the MCL were slight (0.010 to 0.016 mg/L). However,
concentrations in the Upgradient wells equaled or exceeded the MCL in eight of 15
samples, with a high of 0.013 mg/L in Unit C at MW-101. Because the arsenic mean
concentration for both the East Downgradient and North Downgradient Sectors was near
cr below the background (Upgradient) mean concentration in both the RJ/FS and
LTGWM data, arsenic has not been identified as a COPC for OU2.

Arsenic is the only chemical for which one of the OU2 BHHRA ARARs has been
revised. Since the OU2 BHHRA was prepared, the MCL for arsenic has been reduced
from 0.05 mg/L to 0.01 mg/L. Total arsenic was detected at maximum concentrations
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greater than 0.01 mg/L, with a mean of 0.004 mg/L in the North and East Downgradient
Sectors during the RI/FS and at a maximum concentration of 0.016 mg/L and mean
concentrations of 0.010 and 0.005 mg/L (East and North Downgradient Sectors) during
the LTGWM.

'lie OU2 BHHRA mean concentration for arsenic in these sectors was near or below the
background mean concentration and the maximum was below the MCL (0.05 mg/L) at
that time. Therefore arsenic was not considered a COPC in the OU2 BHHRA. Based on
the revised MCL (0.1 mg/L), arsenic still does not meet the criteria for inclusion as a
COPC. An argument could be made to add arsenic as a COPC, since the maximum was
slightly above the new MCL. However, based on the higher concentrations in
background samples, there is little indication that the site is contributing to risks at these
bvels, so there is no strong argument to add arsenic as a COPC because of the revised
MCL.

Manganese

Manganese was identified as a COPC in the OU2 BHHRA on the basis of the RI/FS data.
During the subsequent LTGWM period, the recorded manganese maximum concentration
(0.48 mg/L) was about half that (0.94 mg/L) from the RI/FS period. The mean
concentrations in the East Downgradient Sector and the North Downgradient Sector
remained less than twice the background mean concentration. On this basis, an argument
could be made to remove manganese as a COPC for the North Downgradient Sector.
However, the mean concentration in the North Downgradient Sector remains above the
mean background concentration and the North Downgradient Sector mean concentration
remains about three times higher than the SMCL. Therefore, it may be appropriate to
rstain manganese on the North Downgradient COPC list at this time.

3.2.4 Summary of COPC Selection Process
The MNA monitoring data indicates that there has been little change in the plume in the
Last Downgradient Sector, but the plume appears to be migrating farther to the north in a
rarrow band. Therefore, in anticipation of potential future migration, a conservative
approach based on mean concentrations within the plume, rather than mean values from
tie leading edge wells, appears appropriate for risk assessment purposes.

Based upon the most current inorganic data (RI/FS and LTGWM) and the updated VOC
data from the LTGWM and MNA monitoring, the chemicals in the following list (Table
A2-4) are noted as updated COPCs by sector, assuming the revision of the MCL for
arsenic and the inclusion of PRGs as additional screening criteria. Chemicals which are
identified as COPCs only on the basis of PRO values that are lower than MCLs or
NDWSR are noted in italics:
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Table A2-4
Proposed Updated Chemicals of Potential Concern (COPCs) for OU2

Four County Landfill
Fulton County, Indiana

SECTOR

On-Site

East Downgradient Sector

North Downgradient Sector

Upgradient Sector

CURRENT COPC

Benzene

Carbon tetrachloride

Chloroform

1 , 2-Dichloroethane

1, 1, 2-trichloroethane

Vinyl chloride

Chloroform

1, 2-dichloroethane

Vinyl Chloride

Benzene

Carbon tetrachloride

Chloroform

1, 2-Dichloroethane

Vinyl Chloride

Manganese

None

DROPPED COPC

4-methyl-2-pentenone

Bromomethane

Carbon disulfide

4-methyl-2-pentenone

Aluminum

Nickel

Rased upon the more recent and more extensive MNA groundwater data, a more stringent
revision in existing ARARs (arsenic MCL), and addition of the US EPA Region 9 PRGs
as TBC screening values, the COPC list therefore has changed from that of the OU2
I5HHRA with the addition of chloroform for the North Downgradient Sector and the
addition of chloroform, 1,2-dichloroethane, and vinyl chloride for the East Downgradient
Sector.

Of these, chloroform represents the only new COPC for OU2 as a unit. The MNA
monitoring data indicates that bromomethane and 4-methyl-2-pentanone no longer meet
the screening criteria as COPCs.
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3.3 Question A3
A.3. For COPCs identified and evaluated in the BHHRA, have new toxicity values
been introduced or have the original toxicity values been revised in the direction of
greater toxicity (I.E., to higher cancer slope factors or to lower reference doses)? If
so, are estimated risks associated with a newly introduced toxicity value or the
increases in risk associated with a revised toxicity value significant (i.e., greater than
1 he selected target risk level)?

3.3.1 Toxicity Value Revisions
Tables A3-1 and A3-2 summarize the current Reference Dose (RfD) and Cancer Slope
Factors (SF) in relation to the values used for the OU2 BHHRA. Bolded entries in each
lable highlight values that have been revised in the direction of greater toxicity.

For the Reference Dose values (Table A3-1), the oral and dermal RfDs for 1,2-
dichloroethane have decreased from 3.00E-02 to 2.00E-02, although the revised values
remain provisional values and are only slightly reduced.

The oral and dermal cancer SFs for benzene (Table A3-2) have been revised towards
greater toxicity, as have the dermal cancer SFs for carbon tetrachloride and chloroform.
The inhalation cancer SF for vinyl chloride has been slightly increased.

Tables A3-3 through A3-8 show the revised non-cancer hazard indices and cancer risks
calculated on the basis of the updated MNA VOC data using updated RfDs and SFs for
benzene, carbon tetrachloride, chloroform, 1,2-dichloroethane, and vinyl chloride.

The residential exposure to groundwater via ingestion and bathing (Tables A3-2 and A3-
3) are based on utilizing the same assumptions and parameters used in the OU2 BHHRA.
The values and equations used for the daily intake calculations are shown in Table A3-9.

In addition to the updated values shown in Tables A3-1 and A3-2 and used in the revised
calculations, there are several other chemicals for which dermal RfD and SF values have
changed since the OU2 BHHRA. However, based on the concentrations in the MNA
monitoring period, these chemicals are no longer identified as COPCs and they are not
included in Tables A3-1 and A3-2 or the updated hazard indices and cancer risks
calculations. These chemicals are carbon disulfide, 4-methyl-2-pentanone, and
bromomethane.

Chloroform and 1,1,2-trichloroethane were not identified as COPCs in the OU2 BHHRA.
They have been identified as COPCs based on the MNA monitoring. Thus the RfD and
SF values in Tables A3-1 and A3-2 are presented as new toxicity values added since the
OU2 BHHRA.

3.3.2 Revised Risk Assessment Methods and Assumptions
Residential Exposure to Groundwater

The risk assessment was run separately for the East Downgradient Sector and the North
Downgradient Sector, based on the Central Tendency and Reasonable Maximum
Exposure (RME) scenarios as described in the OU2 BHHRA and consistent with US
EPA RAGS (US EPA, 1989a) guidance and US EPA supplemental guidance (US EPA,
May, 1992). The Central Tendency (CT) is an estimate of the most likely expected
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conditions, using the mean of the data for each chemical and assumptions based on
average input parameters. The RME scenario represents a more conservative approach.
For chemical concentrations, the RME utilizes the 95% upper confidence limit of the
mean (UCL) of the MNA data set for each sector. The data set for each sector consists of
all monitoring results from each of the wells in that sector

Use of all wells within a sector was chosen to represent the range and mean of conditions
within that sector. This approach was chosen over the use of leading edge well data only
(as used in the OU2 BHHRA) in order to characterize current and future conditions.

In general the input values used in the OU2 BHHRA are consistent with currently utilized
default parameters and with the RAGS Part D Exhibit 4-1 standard default factors. The
OU2 BHHRA modified the standard default daily ingestion and inhalation rates, using a
slightly lower value for the Central Tendency, but using a slightly higher value for the
RME scenario, effectively providing a more conservative estimate of risks under the
RME scenario.

A full description of assumptions and input parameters is provided in the OU2 BHHRA.
The values used for that assessment were deemed to be suitable for the site specific
conditions and reasonable consistent with standard default factors. Therefore the updated
risk assessment utilized the same input parameters as the OU2 BHHRA. Only chemical
c oncentrations and reference doses and cancer slope factors (as applicable) were changed
from the OU2 BHHRA methods.

As a check, the hazard indices and cancer risks were calculated using the on-line Risk
Assessment Information System (RAIS) model supported by the Oak Ridge National
Laboratory, with information and parameters updated to April 2006
(http://risk.lsd.ornl.gov). The On-Site Residential Exposure to Groundwater scenario was
run using the Central Tendency and Reasonable Maximum Exposure concentrations for
the Four County Landfill MNA data.

Residential Exposure to Groundwater via Ingestion of Homegrown Foods

^he OU2 BHHRA evaluated the effects of uptake of fruits and vegetables irrigated with
contaminated groundwater and the ingestion of meats, such as beef, pork, and poultry,
"o update this ingestion route for the five-year review, the RAIS Agricultural Exposure
Pathway was selected as appropriate. This pathway evaluates the ingestion of
homegrown fruits and vegetables, beef from cattle that graze and drink contaminated
water, and milk from dairy cows. The standard default input parameters and variables of
the RAIS on-line model were used. A complete listing of variables and equations used in
this model can be found at http://risk.lsd.ornl.gov/homepage/tm/for ag.shtml. Appendix
A contains lists of the values used for daily intake calculations from the OU2 BHHRA
(OU2 BHHRA Tables 4-2 to 4-4).

Agricultural Worker Exposure to Volatilized Emissions from Irrigation Systems

The OU2 BHHRA evaluated the potential effects of exposure of agricultural workers to
emissions released from large-scale irrigation systems. The OU2 BHHRA assumed an
irrigation area of 183 m by 18.3 m and varied the daily emission times and number of
clays of exposure (Table 4-3 in Appendix A). The OU2 BHHRA utilized the SCREEN3
zir dispersion model to estimate maximum ground level concentrations of volatile
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emissions. To update this ingestion route for the five-year review, the RAIS Industrial
Worker Exposure Inhalation Pathway was utilized. The SCREENS model was also used
1o estimate maximum ground level air concentrations, based on an Area emission source
of 183 m by 18.3 m, an emission source 2 m above ground level and a receptor at 1.5 m
above ground surface. Other variables were unchanged from the OU2 BHHRA
assumptions. The standard default input parameters and variables of the RAIS on-line
model were used. A complete listing of variables and equations used in this model can
be found at http://risk.lsd.ornl.gov/homepage/tm/for ind.shtml.

3.3.3 Updated Pathways Analysis
Table A3-10 summarizes the hazard indices and cancer risks for each of the exposure
routes, comparing updated values with those used in the OU2 BHHRA.

Residential Exposure to Groundwater via Consumption and Showering/Bathing -
Current and Future Conditions

East Downgradient Sector
In both the Central Tendency and RME scenarios, the estimated total HI across all routes
remains below 1.0 for both children and adults (Table A3-3b). In addition, the total HI
has decreased since the OU2 BHHRA for all scenarios. Under the CT scenarios, vinyl
chloride now contributes 68% to 69% of the total non-cancer HI under all Central
Tendency and RME scenarios (Table A3-4). The total His are below 1.0, the level of
potential concern.

No carcinogenic COPCs were identified for the East Downgradient Sector in the OU2
BHHRA. In this review, chloroform, 1,2-dichloroethane, and vinyl chloride have been
i dentified as carcinogenic COPCs based on updated MNA data and updated cancer slope
factors. The lifetime cancer risks associated with potential residential direct groundwater
exposure range from 1.7E-03 to 3.6E-03 for the East Downgradient Sector (Table A3-
4b), with vinyl chloride contributing about 50% of the risk and the rest spread fairly
evenly among the other COPCs. These estimated lifetime cancer risks are above the US
EPA target cancer risk range of l.OE-06 to l.OE-04. The lifetime cancer risks for 1,2-
cichloroethane, chloroform and vinyl chloride are all greater than 1 .OE-04.

North Downgradient Sector
The estimated hazard index for residential exposure to groundwater has increased for
both children and adults in the North Downgradient Sector. The HI in all scenarios
remains above 1.0 for both children and adults for the North Downgradient Sector (Table
A3-3a).

The primary driver for the HI values is inhalation of manganese and ingestion and
inhalation of carbon tetrachloride, which are sufficient in themselves to exceed the level
of concern. If manganese were not included in the risk assessment, the total hazard index
for the Central Tendency scenarios would decrease to below 1.0. The total HI for the
F.easonable Maximum Exposure scenarios remains above 1.0, due to the influence of
carbon tetrachloride. The contribution for carbon tetrachloride is about one order of
magnitude greater than the other VOCs for all scenarios. Based on the MNA monitoring
data and current reference doses, carbon tetrachloride now contributes over 90% of the
YOC portion of the North Downgradient Sector total His. The contribution of benzene
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has dropped from about 33% in the OU2 BHHRA to less than 10% based on updated
assessment.

The lifetime cancer risks associated with potential residential direct groundwater
exposure were identified as above the US EPA target cancer risk range of l.OE-06 to

.OE-04 in the OU2 BHHRA and remain above the target risk range based on the updated
leview (Table A3-4a). Current levels are indicated as 1.4E-01 and 2.1E-01 respectively
for the child and adult CT scenarios and 3.0E-01 and 4.3E-01 respectively for the child
and adult RME scenarios.

Lifetime cancer risks now appear to be approximately two to three orders of magnitude
greater than indicated in the OU2 BHHRA. The total cancer risk for all COPCs across all
routes was greater than the US EPA target cancer risk range of 1 .OE-06 to 1 .OE-04 for all
scenarios for the North Downgradient Sector, East Downgradient Sector, and on-Site
i.rea.. The total cancer risk related to VOCs also remains above the target cancer risk
range, even if manganese is not included in the analysis. All of the VOC COPCs
c ontribute significantly to the total risks.

Residential Exposure to Groundwater via Consumption of Homegrown Fruits,
Vegetables, Beef and Milk - Current and Future Conditions

East Downgradient Sector
In both the Central Tendency and RME scenarios, the estimated total HI across all routes
remains below 1.0 for both children and adults (Table A3-10). However, unlike direct
exposure to groundwater, the total HI has increased since the OU2 BHHRA for all
scenarios. Under the CT scenarios, vinyl chloride now contributes 82% (RME) to 87%
(CT) of the total non-cancer HI (Table A3-5b). In all cases, almost 100% of the total HI
is contributed through the ingestion of fruits and vegetables.

No carcinogenic COPCs were identified for the East Downgradient Sector in the OU2
BHHRA. In this review, chloroform, 1,2-dichloroethane, and vinyl chloride have been
identified as carcinogenic COPCs based on updated MNA data and updated cancer slope
factors. The lifetime cancer risks associated with potential residential ingestion of
homegrown fruits, vegetables, beef, and milk range from 1.5E-05 to 5.4E-05 for the East
Downgradient Sector, with vinyl chloride contributing over 80% of the total cancer risk
(Table A3-6b). These estimated lifetime cancer risks are within the US EPA target
cancer risk range of 1 .OE-06 to 1 .OE-04.

North Downgradient Sector
Benzene, carbon tetrachloride, chloroform, 1,2-dichloroethane, and vinyl chloride are the
COPCs for the North Downgradient Sector. Almost all of the total HI for all food
hgestion exposure for this sector is through the ingestion of homegrown fruits and
vegetables (Table A3-10).

The estimated total HI for residential exposure through homegrown fruits, vegetables,
beef, and milk has increased for adults and generally remained constant for children in
both the CT and RME scenarios in the North Downgradient Sector. In the Central
Tendency scenario, the HI for adults has increased from 8.9E-03 tol.8E-02 and in the
RME has increased from 6.9E-02 to 2.9E-01 1 for adults (Table A3-5a). The total His
remain below 1.0, the level of potential concern.
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'n the OU2 BHHRA, the lifetime cancer risks associated with residential ingestion of
homegrown foods were identified as within the US EPA target cancer risk range of 1 .OE-
06 to 1 .OE-04 in the OU2 BHHRA. However, based on the updated review, they appear
10 be substantially above the target risk range.

Current levels are indicated as 2.5E-02 and 1.8E-02 respectively for the child and adult
CT scenarios and 4.0E-01 and 2.9E-01 respectively for the child and adult RME
scenarios (Table A3-6a). Almost all of the total estimated lifetime cancer risk for all food
ingestion exposure for this sector is through the ingestion of homegrown fruits and
vegetables irrigated with groundwater.

The OU2 BHHRA calculated total cancer risks on the basis of bromomethane and 4-
methyl-2-pentanone. which were identified as the only carcinogenic COPCs in the North
Downgradient sector. These two chemicals have not been found in groundwater during
the MNA monitoring period, but chloroform, 1,2-dichloroethane, and vinyl chloride have
been found sufficient to meet the screening criteria as COPCs.

Lifetime cancer risks now appear to be approximately one order of magnitude greater
than indicated in the OU2 BHHRA. Benzene, carbon tetrachloride, chloroform, 1,2-
dichloroethane, and vinyl chloride all have individual cancer risks across all routes
greater the US EPA target cancer risk range of 1 .OE-06 to 1 .OE-04 for all scenarios.

Agricultural Worker Exposure to Groundwater via Volatilization of Groundwater
Used for Irrigation - Current and Future Conditions

East Downgradient Sector
"he non-cancer His for the East Downgradient Sector (2.5E-03 for Central Tendency and
7.8E-03 for RME) remain well below 1.0, the level of potential concern Tables A3-7b
end A3-10). Cancer risk factors were also calculated for the five-year review, although
they were not calculated during the OU2 BHHRA because no carcinogenic COPCs were
identified at that time. The cancer risk factors (1.1E-06 for Central Tendency and 1.3E-
('5 for RME) are both within the US EPA target risk ranges (Table A3-8a).

Although the five-year review has identified two new carcinogenic COPCs for the East
Downgradient Sector, the concentrations are not sufficient to result in significant human
health impacts based on the risk assessment.

North Downgradient Sector

The OU2 BHHRA indicated that the RME HI was 3.0E+00 (above 1.0, the level of
concern). The five-year review, based on the MNA data, indicates that the HI has
cecreased to the current 8.7E-01 (Table A3-7a). This appears to be due largely to a
decrease in the 1,2-dichloroethane concentration in groundwater.

The estimated potential lifetime cancer risks for agricultural worker exposure to volatile
emissions from groundwater ranges from 1.5E-06 for the Central Tendency to 4.9E-04
for the RME (Table A3-8a). The potential risk under the RME scenario is slightly above
t ic US EPA target cancer risk range of 1 .OE-06 to 1 .OE-04. 1,2-dichloroethane continues
to be the primary contributor to the potential cancer risk, contributing approximately 80%
cf the lifetime estimated cancer risk. The 1,2-dichloroethane cancer risk under the RME
scenario is greater than the target risk range.
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3.4 Question A4
A.4. Are the existing remediation goals (presented in the feasibility study) still
adequately protective of human health or should new remediation goals be
developed in light of the additional risks associated with newly identified COPCs or
revision of toxicity values?

Existing remediation goals are based on the MCLs for benzene, carbon tetrachloride, 1,2-
dichloroethane, and vinyl chloride. Since the primary effects are through groundwater,
the current drinking water MCLs for these chemicals appear to be adequately protective
of human health. There is currently no MCL for chloroform. The maximum
concentration of chloroform recorded in the MNA data set is substantially higher than the
US EPA Region 9 PRG, but less than the Superfund RAL for chloroform. Establishment
of a chloroform remediation goal based on the RAL appears to be sufficient to provide
adequate protection for human health.

Based upon the human health risk assessment approach, the only concerns in the East
Downgradient Sector involve residential exposure to groundwater through direct
ingestion and bathing/showering. Cancer risks are above respective target levels, largely
£S a result of vinyl chloride concentrations. Attainment of the vinyl chloride MCL
remediation goal of 2 ug/L remains adequate to reduce the vinyl chloride cancer risk to
within US EPA target concentrations and would be sufficient to reduce the total cancer
risk to within US EPA target concentrations.

The North Downgradient Sector currently exceeds US EPA target concentrations for non-
cancer His for residential ingestion and bathing/showering with groundwater and also the
cancer risk target range for residential ingestion/bathing and agricultural worker exposure
tD volatilization of irrigation water.

Much of the cancer risk for the North Downgradient Sector is driven by inhalation risk
for manganese. However, this metal is found in concentrations similar to the background
average levels and perhaps should not be considered as relating to the Four County
Landfill as a source. However, even if manganese is not included in the analysis, the
Cancer risk would be higher than the US EPA target concentrations based on several
VOCs. Attainment of current remediation goals for benzene, carbon tetrachloride, 1,2-
dichloroethane, and vinyl chloride would result in reducing the HI and cancer risks for
these chemicals to within or close to target concentration ranges.

3.5 Question A5 BHHRA Review Summary
A.5. BHHRA Review Summary

As of the five-year review period, there have been no significant changes in current or
anticipated land uses that would have affected the original assumptions and projections of
the OU2 BHHRA. A few additional residential wells may continue to be constructed in
the vicinity of the landfill, but these do not represent significant or unanticipated changes.

The OU2 BHHRA assumed that there was no current excess risk for agricultural workers
since the plume was beneath a swampy non-arable area with small parcels. However, the
contaminated groundwater plume now is beginning to extend under active agricultural
lands to the northeast of the site. Some of these lands are currently used for large-scale
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production of field crops and pasture, but with no large-scale irrigation. The extension of
vhe plume into these farming areas could potentially challenge those assumptions and
lead to exposure of agricultural workers if irrigation systems are used in the future.
However, no changes in land use or in agricultural practices, including irrigation, are
indicated for the immediate future. In addition, since the OU2 BHHRA considered the
potential for agricultural exposure to volatized emissions from irrigation systems,
agricultural irrigation does not represent a change of future conditions.

The additional groundwater data from eight quarterly monitoring periods indicates that
the contaminant plume in groundwater occurs in both the Unit B and Unit C portions of
the aquifer, although these units appear to have sufficient connectivity to be considered as
a single unit. The plume now appears to be relative narrow in extent, but is increasing in
distance from the point of origin. The plume currently extends approximately 1,400 feet
to the northeast in the direction of groundwater monitoring wells MW-30 and LE-2.

"here appear to be no significant applicable changes in site-specific ARARs that would
effect the remediation process. The MCL for arsenic has been lowered from 0.05 mg/L
to 0.01 mg/L. This change in the arsenic MCL does not affect the status of arsenic in
relation to COPCs since the mean concentrations found in the original Rl/FS, the only
available source for metals data, were below the new MCL as well as the old MCL.

The OU2 BHHRA indicated that contamination was probably confined to the deeper Unit
C and residential wells in the vicinity probably only extended into the shallower Unit B
aquifer. Additional information from boring logs and information on residential well
cepths indicates that many wells extend into the contaminated zone. Thus, it is possible
tiat continuation of the plume may affect more wells than originally anticipated.
However, due to the scarcity of residences and the narrow width of the plume, the total
number may not be sufficiently large to affect the remedial goals and actions for the site.

Updated reviews of potential human health conditions based on revised toxicity values
and on the eight quarters of groundwater monitoring data from 2004 to 2006 were used to
update the conditions of the OU2 BHHRA. The updated review indicates no
exceedances of the non-cancer total hazard index for any pathway in the East
Downgradient Sector. The cancer risk factor target range in the East Downgradient
Sector is exceeded for direct residential exposure to groundwater via ingestion and
bathing for all scenarios evaluated. The direct residential exposure to groundwater non-
cancer hazard indices for the North Downgradient Sector remain above 1.0 in all
scenarios. The non-cancer hazard indices for residential food consumption and exposure
of agricultural workers to volatilized emissions from irrigation water are below 1.0. All
applicable cancer risk factors for the North Downgradient Sector, except residential
consumption of homegrown foods, exceed the target cancer risk range of l.OE-06 to
l.OE-04.

The summary of all human health receptor risks and hazards is shown in Table A3-10. A
summary of all exposure routes and scenarios currently exceeding the target hazard and
risk factors is shown below in Table A5-1.
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Table A5-1
Summary of Updated Cancer Risks and Non-Cancer Hazard Quotients

Four County Landf i l l
Fulton County, Indiana

Area/Scenario OU2BHHRA . : . . , ' . . , ; 5-Year :; ' •

Groundwater Consumption

North Down gradient Sector

Resident ia l Exposure - CT

Child Non-cancer HI

Cancer Risk

Adul t Non-cancer HI

Cancer Risk

Residential Exposure - RME

Child Non-cancer HI

Cancer Risk

Adul: Non-cancer HI

Cancer Risk

3.6E+OI

4.4E-04

I.3E+01

4.4E-04

8.6E+OI

2.9E-03

3.2E+01

2.9E-03

3.3E+03

3.0E-01

1.2E+G3

4.4E-01

6.0E+03

5.0E-01

2.2E+03

7.4E-01

East Downgradient Sector

Residential Exposure - CT

Child Cancer Risk

Adult Cancer Risk

Residential Exposure - RME

Child Cancer Risk
'Vdu l t Cancer Risk

Not Calculated

Not Calculated

Not Calculated

Not Calculated

1.7E-03

2.4E-03

2.5E-03

3.6E-03

Agricultural Worker

North DownGradient Sector

Ad ult - R M E

Non-cancer HI

Cancer Risk

3.0E+00

1.3E-04

7.8E-03

4.9E-04

Changes in risk factors since the OU2 B H H R A are largely driven by changes ii
ident ic-cat ion of COPCs and concentrations in groundwater during the more recent M~NA
moni tor ing program. Several of the chemicals identified in the RI/FS sampling (2-
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butanone, 4-methyl-2-pentanone, bromomethane, and carbon disulfide) have not been
found during the MNA monitoring. However, chloroform has been found during the
MNA monitoring and higher concentrations of carbon tetrachloride and vinyl chloride
have been found. In addition, some chemicals, such as benzene, have decreased
significantly. Since both maximum and mean benzene concentrations have decreased,
:he benzene decrease appears to be related to natural attenuation, rather than choice of
nonitoring wells.

Remedial goals, based on MCLs, have been set for benzene, carbon tetrachloride, 1,2-
dichloroethane, and vinyl chloride. The MCLs for these chemicals generally represent
the PRGs applicable from risk assessment approaches. Overall, these four chemicals
have the most significant contributions to the OU2 hazard indices and risk factors. As
such, the remedial goals for these chemicals appear to remain adequately protective of
human health. Chloroform is a chemical that appears to contribute to the total hazard
indices and risk factors., based on the MNA data set. It was not identified as a COPC in
the OU2 BHHRA. It may be appropriate to add chloroform as a COPC for the East
Downgradient Sector and the North Downgradient Sector. No MCL has been set for
chloroform, so an alternative, such as the Superfund RAL, may be an appropriate target
level.

Residential well monitoring has been conducted at eighteen private wells in the vicinity
of the Four County Landfill. Contaminants have been detected in only one well (R-38 at
'125 N. Prairie Drive) located directly over the plume area about 600 feet north of the
Site. The PRP Group has installed and the Trustee is currently maintaining a filter on this
well. Analysis of pre-filtered and filtered water samples from this well indicates that the
filter has reduced all monitored contaminants to below detection limits. The July 16,
2001 Record of Decision (ROD) for OU2 includes development of a residential water
treatment contingency plan that included the use of proven physical and/or chemical
treatment options to reduce site-related contaminant levels in residential water supplies
tnat monitoring found to exceed MCLs. The filter system appears to date to be satisfying
tiis requirement of the ROD. To data, installation of filters appears to be an appropriate
l;vel of additional contingency response for the Four County Landfill remedial action.

4.0 FIVE YEAR BERA REVIEW

4.1 Baseline Ecological Risk Assessment (BERA) Review
A Baseline Ecological Risk Assessment (BERA) was not conducted specifically for OU2.
The Record of Decision Summary for OU2, Four County Landfill State Cleanup Site
(DEM, 2001) references the Environmental Evaluation (EE) Report completed for OUl
by CRA (May 3, 1995). The ROD further states (page 15) that reported concentrations of
C OPCs in sediments and surface water were below background and/or available federal
and state criteria. The OU2 Remedial Investigation Report (CRA. May, 2000a) appears
to incorporate by reference (page 66) the EE as the BERA for OU2, and also incorporates
the findings of the EE for OU2. The OU2 Remedial Investigation Report concludes that
there is no functional pathway from on-Site and off-Site groundwater to ecological
receptors and thus no route of exposure or potential effects on ecological systems.
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The EE contained an ecological risk characterization for the Four County Landfill site,
based on comparison of OU1 Chemicals of Potential Concern (COPCs) in surface water
and sediments to federal and state regulatory criteria and guidelines. Applicable criteria
and sources included:

• Indiana Ambient Water Quality Criteria (AWQC) (IAC, Water Pollution Control
Board, 11/09/1993),

• U.S. EPA Quality Criteria for Water, EPA 440/5-86-001, May 1986, updated
September 1987,

• National Oceanic and Atmospheric Administration (NOAA) Sediment Quality
Criteria (SQC),Technical Memorandum NOS OMA 52, August 1991

• Ontario Ministry of Environment and Energy (MOEE) Guidelines for the
Protection and Management of Aquatic Sediment Quality, August 1993),

• U. S. EPA Integrated Risk Information System (IRIS), July, 1994,

The ecological effects assessment consisted of a comparison of site concentrations to
literature based background concentrations and criteria. The EE used the NOAA ER-L
(Effects Range-Low) and ER-M (Effects range-Moderate) and the MOEE LEL and SEL
criteria for sediment and the federal and Indiana AWQCs for surface water as the
j creening criteria to identify COPCs. The surface water AWQC criteria consisted of the
Indiana Minimum Surface Water Quality Standards (Water Pollution Control Board,
"itle 327 IAC 2-1-6, November 9, 1993) and EPA Quality Criteria for Water (1986, EPA
MO/5-86-01 May 86, 51 Federal Register 43665, Update September, 1997).

"he EE found that all organic chemicals detected in sediments and surface water samples
during the OU1 RI were below applicable the federal and state criteria used for screening.
The report concluded that reported concentrations of on-Site inorganic chemicals were
below levels expected to cause a potential severe impact to benthic organisms based on a
literature-based toxicity review. Silver and zinc were identified as being slightly higher
than screening criteria, but not sufficiently high to pose significant ecological effects.
The report also concluded that on-Site surface waters were insufficient in volume and
permanency to sustain fish. Therefore no ecological impacts were projected for on-Site
surface waters and sediments. Some off-Site sediments and surface waters were reported
to contain higher concentrations of chemicals than on-Site samples. With infrequent
exceptions, no chemicals were reported at concentrations projected to cause ecological
impacts for ecological receptors exposed to off-Site surface waters and sediments.

The EE identified three features as potential receptors of surface water drainage from the
site. These were: 1) a wetland basin north of and adjacent to the Site (North Off-Site
Sector), 2) forested wetlands and King Lake east of the Site (East Off-Site Sector), and 3)
a series of connected wetlands and an unnamed stream south and west of the site (South
Off-Site Sector). On-Site runoff is collected in retention basins in the northeast and
southwest portions of the site and is then discharged toward the wetland north of the Site
in accordance with a National Pollutant Discharge Elimination System (NPDES) permit.
1 his wetland and the small streams draining the south perimeter of the Site eventually
discharge to the Tippecanoe River, approximately one mile north of the Site.
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The EE identified three potential sources for Site-related COPCs. These were: 1)
drainage from the northeast retention pond which flows to the forested wetland in the
North Off-Site Sector, storm event releases from the northeast pond into a road ditch
parallel to Highway 17 which flows toward King Lake (East Off-Site Sector), and runoff
from the southwest part of the Site to the stream to the south (West Off-Site Sector).

The EE defined COPCs on the following criteria:

• For inorganics, the substance had to be reported from at least one sample at a
concentration greater than twice the mean background concentration,

• For organics, substances were evaluated on the basis of frequency of detection,
concentration, toxicity, environmental persistence, and bioaccumulation potential.

No organic chemicals v/ere identified as COPCs in the EE for surface water or sediments,
norganic COPCs were identified as the following (Table Bl-1):

Table Bl-1

Ecological Risk Assessment Chemicals of Potential Concern (COPCs)
Identified for OU1 in the EE Report (CRA, 1995).

Four County Landfill
Fulton County, Indiana

QN-SITE

Surface Water

Silver
Sodium

Zinc

Sediment

Beryllium
Calcium

Chromium
Cobalt
Copper

Iron
Magnesium

Nickel
Potassium

Sodium
Zinc

OFF-SITE

Surface Water

Silver
Sodium

Zinc

Sediment

Aluminum
Antimony
Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper

Iron
Magnesium

Nickel
Potassium
Thalium

Zinc

The EE included an assessment of the uses and occurrence, environmental
concentrations, environmental fate, and toxicity of each of these COPCs. The principle
references consulted included ATSDR (1991, 1992), Carson, et al. (1986), CCME
(1993), Long and Morgan (1991), Friberg, et al. (1979), (Kabata-Pendias and Pendias
(1985), Shacklette and Boerngen (1984), McKee and Wolf (1963), and Goyer and
Mehlman (1977), U. S. EPA (1980)
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*• Exposure pathways evaluated in the EE were:

• Direct contact with affected surface water and sediment,

• Ingestion of surface water,

• Ingestion of sediments with food materials or during grooming,

• Ingested of affected plants and animals.
«•

4.2 Question B1
B.I. In the time since the BERA was prepared, have there been changes in the site

**' conditions, site setting, or the existing or anticipated land uses at the site? If so, do
i:he changes require that additional pathways or receptor groups be evaluated or
i hat any pathway be re-evaluated using more protective exposure input assumptions

m in order to avoid underestimating potential risks?

«•• The Site is maintained in grass and is mowed approximately monthly, resulting in no
significant wildlife habitat. At the time of the EE, the site contained an approximately
'.>50-ft by 200-ft pond in the northeast portion and a smaller triangular detention pond in

•• the southwest corner of the site. Construction of the landfill cap in 1998 and 1999
changed the drainage pathways, reducing flows to the northeast pond. There have been
no significant changes in the overall size of these on-site retention basins, but the

m northeast basin rarely retains any water and the southwest pond is smaller in size,
resulting in a decrease of potential habitat available to aquatic based wildlife. Wildlife
habitat is thus very limited on the site. The cap has decreased the degree of interaction

• between surface water and ground water, presumably resulting in a decrease potential for
transport of contaminants to surface waters and habitats. No noticeable increases in On-
S'ite wildlife utilization have been noted by the MNA monitoring personnel during the

m riost recent eight quarters of monitoring.

The forested and wetland area north of the Site is thought to be utilized by wildlife, but
no changes in utilization have been documented since the ROD. There have been no

* significant changes in conditions in the Off-Site North Downgradient or East
Downgradient Sectors that constitute a significant alteration of wildlife habitats or
ecological conditions

A potentially significant change in wildlife habitat is occurring west of the Site, on the
v/est side of County Road 1000 E. Soil for the landfill cap was excavated from this
property in approximately 2000, resulting in a new lake and wetland area. The property
owner has been planting trees, stocking with fish, placing nesting boxes, and attempting
to improve habitat on this property. However, this area is generally up-gradient from the
Site (Figure 2). Sentinel monitoring wells MW-115 and MW-116 are between the Site

*" and this lake area. Neither well has detected any chemicals in eight quarters of MNA
monitoring from March 2004 to March 2006.

_ Ii is conceivable that the presence of this habitat feature could result in greater wildlife
utilization of the area immediately surrounding the landfill. This could especially be true
with respect to waterfowl and wading birds that may be attracted to the lake. However,

M the EE concluded that exposure levels to wildlife from On-Site and Off-Site sediments
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and surface water were not sufficient to pose an ecological risk. There have been no
changes in surface or groundwater pathways since the EE. Construction of the OU1
landfill cap has been completed. Thus, the potential for migration of contaminants from
ihe on-Site source should be reduced.

Due to its up-gradient location and the shallow nature of the created lake (less than 10
foot depth), groundwater does not appear to represent a potential transport pathway to
this habitat area. Thus, there is no potential for transport of COPCs to the created lake
down-gradient of the Site. Thus, consideration of groundwater transport to the lake as a
pathway is not required at this time.

Groundwater was not identified as an affected media or as a part of any ecological
pathway in the EE. Surface water and sediments were identified as potential routes of
exposure to ecological systems. No assessment was made of potential interactions of
groundwater and surface water.

Although there is no detailed information relating to exchange between the aquifers and
surface waters available for the Site, the potential appears to be very low for a direct
pathway from Units B and C of the aquifer to surface water in the near vicinity of the
Site. Although it is possible that interactions could occur at farther distances from the
site due to elevation changes or other factors, concentrations of contaminants likely
would substantially lower than in the Site vicinity, due to natural attenuation and dilution
C'ver a larger area. Mixing of groundwater and surface water would also occur, further
reducing concentrations affecting potential receptor organisms.

Available data also indicates that the shallow aquifer (A unit) is a perched unit within
sand and gravel stringers in denser till material. It is largely discontinuous and off-Site
t-ansport in this aquifer may be limited to small quantities in the near vicinity of the Site.
This would not result in an extensive exposure to the regional populations.

No additional site specific information or additional chemical concentration data has been
collected for the Site for surface water, sediments, or the shallow Unit A aquifer since the
Rl/FS. Thus no additional assessment can be attempted using newer data. The data used
f :>r the EE remains the best available source data.

11 summary, there have been no changes in Site conditions, setting, or land uses that
require re-evaluation of ecological pathways.

4.3 Question B2
E;.2. Have there been changes in the ARARs or TBC values that were used for
screening purposes in the COPC selection process for the BERA? If so, do the
changes include lower screening values that lead to the identification of additional
COPCs in any of the exposure media? Are risks associated with newly identified
COPCs greater than acceptable target levels, requiring the establishment of new
remediation goals?

The EE made a generic identification of pathways and potential receptors and compared
surface water and sediment concentrations to published standards and criteria. No
evaluation was made for groundwater. The EE included a characterization of potential
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impacts to fish and wildlife based on literature review. The review covered
environmental fate and toxicity effects for inorganic chemicals.

No ARARs or TBCs were identified for groundwater in the EE. The ARARS used for
surface water included the Indiana Minimum Surface Water Quality Standards (Water
Dollution Control Board, Title 327 I AC 2-1-6, November 9, 1993) and EPA Quality
Criteria for Water (1986, EPA 440/5-86-01 May 86, 51 Federal Register 43665, Update
September, 1997). ARARs were presented only for three inorganic chemicals.

The focus of this five year review is on OU2 and the effects of groundwater, primarily on
off-Site receptors due to migration of contaminated groundwater from the site. Exposure
of aquatic organisms and wildlife assumes the presence of a complete pathway to
appropriate receptors. Although no complete pathway is believed to exist for off-Site
groundwater, a screening comparison has been performed to evaluate the potential for
ecological risks if such a pathway were present.

Table B2-1 compares the mean and maximum concentration of chemicals to several
c urrent screening criteria, including US EPA criteria and Indiana AWQC for protection
of aquatic life. The listed concentrations for non-metallic inorganics and VOCs are from
the MNA monitoring period. These values include all wells on the Site and in the North
Downgradient Sector and the East Downgradient Sector since potential ecological effects
could be evidenced down-gradient of any of these wells. Metals data is from the RI/FS
sampling period and includes the mean and maximum concentrations presented in the
OU2 BHHRA. Any higher mean and maximum metals concentrations values from the
LTGWM program are shown in place of the RI/FS data, as applicable.

For comparison to the screening criteria, the groundwater concentrations shown in Table
B2-1 were divided by a factor of 10 before comparison to the screening criteria. This
v/as done to account for dilution and attenuation during transport and for dilution when
and if the groundwater enters and mixes with surface water. The factor of 10 is used by
NOAA for groundwater (NOAA, 1999) and is considered by NOAA to be a very
conservative factor. The use of the maximum concentration is also a very conservative
approach for evaluating potential effects, especially when groundwater is being
considered as a potential route to surface water.

E ased on these very conservative screening factors, none of the screening criteria are
exceeded by the mean concentrations of any chemical. Based upon maximum
concentrations, only aluminum exceeds any of the screening concentrations, which is an
etceedance of the US EPA chronic WQC. No other screening criteria exceedances
occur.

Aluminum might be considered as a COPEC based on the very conservative assumptions
using the maximum reported concentrations from the RI/FS study. However, aluminum
was not detected in any well during the subsequent LTGWM period from 2000 to 2002,
aid, when mean concentrations in groundwater are considered, none of the chemicals
exceeds any of the potential ARAR screening criteria. Since the potential for a
g-oundwater to surface water pathway of ecological exposure appears slight, the
associated risks do not appear sufficient to warrant adding any chemical as a COPEC for
the site.
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4.4 Question B3
1J.3. For COPCs identified and evaluated in the BERA, have new chemical-specific
factors or toxicity values been introduced or have the original values been revised in
the direction of greater toxicity (i.e., to greater transfer values or lower reference
toxicity values)? If so. are estimated risks associated with a newly introduced value
or the increases in risk associated with a revised value significant (i.e., lead to
txceedance of the target risk level)? Is it necessary to develop new remediation
j;oals or revise existing remediation goals for any medium as a result of the increases
in toxicity estimates?

No ecological COPCs or COPECs were identified in the EE or the applicable BHHRA or
RI/FS documents for OU2. It is not necessary to develop new remediation goals or revise
existing remediation goals for any medium as a result of the increases in toxicity
estimates.

4.5 Question B4 BERA Review Summary
B.4. BERA Review Summary

No BERA was actually developed for the Four County Landfill OU2. An EE Report was
developed for OU1, which evaluated potential effects of on-Site sediments, soils, and
surface water. The OU1 EE did not present a full ecological risk assessment, having
concluded that concentrations of organic chemicals in sediment and surface water were
below federal and state criteria (AWQCs for surface water; NOAA and MOEE criteria
for sediments) and that concentrations of inorganic chemicals were below concentrations
expected to cause a potential severe impact to benthic organisms. Silver and zinc were
tie only chemicals in off-Site surface water reported above applicable screening criteria.

Etecause silver and zinc surface water concentrations were only slightly above screening
criteria and because the EE concluded that surface waters in on-Site and off-Site wetlands
v/ere not sufficient to support fish, the EE did not identify these as COPECs. Because all
chemical concentrations were below the MCLs, expected to protect mammalian species,
the EE concluded that no effects would occur for avian species as well.

Additional data on metals has been developed in the LTGWM program since the EE
report. The review of potential metals effects from groundwater for this review utilizes
both the RJ/FS data sei: used in the EE and the LTGWM data. This review utilized
concentrations of organic chemicals from the more recent and more extensive MNA
monitoring data.

E>ue to the depth of the Units B and C aquifer, the potential for interaction of
groundwater with ecological receptors remains very slight. Potential interactions could
occur if groundwater were to mix with surface water. Situations in which such
interactions could occur might include upwelling and seepage of groundwater into
snallow surface waters of wetlands, intersection of groundwater with a water body that is
sufficiently deep to intersect the aquifer, or if groundwater were pumped to the surface
and allowed to remain on ground surface or to mix with a water body.
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Based on current site conditions, none of these interactions is anticipated to be reasonably
applicable in the foreseeable future. Consequently, a completed pathway of exposure is
not a reasonably expected condition.

In the event that a pathway was present, concentrations of organic and inorganic
c hemicals in groundwater have been compared to several current screening criteria based
on US EPA and State of Indiana based ARARs. Mean and maximum concentrations
were compared to screening criteria, using a conservative assumption that groundwater
concentration is divided by a factor of 10 at the exposure point, based on attenuation and
dilution in groundwater and dilution upon mixing with surface water. Based on mean
concentrations, all chemicals in groundwater are below or sufficiently close to screening
criteria to present no significant risk to ecological receptors. Based upon the highest
maximum concentration of either on-Site or off-Site sectors (from RI/FS data), aluminum
\vould slightly exceed one screening criterion. However, given the low potential for
completion of the exposure pathway and the non-detection of aluminum in the
subsequent LTGWM program, the risks do not appear sufficient to identify aluminum as
E COPEC.

Based on this review, no chemicals in groundwater have been identified as COPECs. It
is not necessary to develop new remediation goals or revise existing remediation goals
for any ecological receptors.
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Table Al-2
Summary of Groundwater Analytical Results

Ql through Q8
MNA Monitoring Well Network Sampling

Four County Landfill Site
Fulton County, Indiana

CHEMICAL
PARAMETER

SAMPLING
DATE OF
HIGHEST

CONC.

ON-SITE
WELL WITH;

HIGHEST
; CONC.

MAXIMUM U
CONCENTRATION IN.
ON-SITE WELL (ug/Lj

SAMPLING
DATE OF
HIGHEST

CONC.

OFF-SITE WELL
WITH HIGHEST

CONC. '

MAXIMUM
CONCI NTRATION
IN OFF- SITE WELL

(ug/L) - :

Volatile Organic Compounds (ug/L) (Highest Detected Concentrations)
Benzene I 12-16-2006
Carbon Tetrach bride 6-26-2004
Chloroethane |
Chloroform
Chloromethane
1,1-Dichloroethanc
1,2-Dichloroethanc
1,1-Dichloroethene
cis-l,2-Dichlorothene
trans- 1 ,2-Dichloroethene
Ethylbenzene
Methylene Chloride
1,1 ,1 ,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
l,l,l-Trichloroe:h.3ne
],l,2-Trichloroe:hane
Trichloroethene
Vinyl Chloride
Xylenes

6-26-2004

3-16-2006

12-16-2005

12-16-2005

SC-2
SC-2

SC-2

SC-2

SC-2

SC-2

1.5
4.6
ND(2) U
6.2
ND(2) U
ND(1)U
620
ND(1)U
ND(1)U
ND(1)U
ND(1)U
ND(2) U
ND(2) U
ND(1)U
ND(1)U
ND(1)U
ND(1)U
2.1
ND(1)U
25
ND(1)U

3-16-2006
9-16-2004

3-17-2005

9-16-2004

6-24-2004

6-25-2004

MW-114
MW-113

MW-113

MW-124

LE-2

MW-124

Monitored Natural Attenuation Parameters (Range of Values)
Alkalini ty (mg/'L) Varied SC-2/SC-3 100-490 Varied Varied

23
600
ND(2) U
80
ND(2) U
ND(1)U
2,100
ND(1)U
1.2
ND(1)U
ND(1)U
ND(2) U
ND(2) U
ND(1)U
N D ( 1 ) U
ND(1)U
ND(1)U
ND(1)U
ND(1)U
11
ND(1)U

170-470
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Table Al-2
Summary of Groundwater Analytical Results

Ql through Q8
MNA Monitoring Well Network Sampling

Four County Landfill Site
Fulton County, Indiana

CHEMICAL
PARAMETER

SAMPLING
DATE OF
HIGHEST

CONC.

ON-SITE;
WELL WITH

HIGHESt
CONC.

: : MAXIMUM-/.:.^,.
CONCENTRATION IN L

ON-SITE WELL (ug/L)

SAMPLING)
"DATEOltV

HIGHEST^
CONC.

•OFF,SITE.WELL;
WITHHlGHiS'P

^ --eoisic. :.;:--:;.
*••: MA
VCONCI

IN OFF
^"A-<

Chloride (mg/L)
Nitrate (mg/L)
Sulfate(mg/L)
Total Organic Carbon
(mg/L)

12-16-2005
6-17-2004
3-15-2005
9-17-2004

SC-3/SC-2
SC-2/SC-2
SC-3/SC-2
SC-3/SC-2

4.5 - 66
ND-0.12
47-110
1.3-14.2

6-14-2004
Varied
9-14-2005
Varied

MW-109/MW-121
Varied/MW-121
Varied//MW-116
Varied/MW-108

Dissolved Gsis«s (Range of
Values)
Carbon Dioxide (rng/L)
Ethane (ng/L)
Ethene (ng/L)
Methane (ug/L)
Dissolved Hydrogen (nM)

12-16-2005
Varied
3-15-2005
Varied
12-15-2004

SC-2/SC-2
SC-3/SC-2
SC-3/SC-2
SC-2/SC-3
SC-3/SC-2

N D - 4 8
ND- 1,200
0.046-13,000
ND-94
ND- 2,700

12-15-2005
6-14-2004
3-15-2005
12-16-04
6-15-2004

Varied/MW-125
Varied/LE-2
Varied/MW-124
MW-121/MW-129
Varied//MW-126

XIMUM •,...':
1NTRATION
SITE WELL'
ug/L)V

ND - 470
ND-0.93
ND-170
ND-19.2

ND-100
ND -6,600
ND - 5,400
0.017-6,000
ND-21

Notes: ng/L = nanograms per liter M = nanomoles per liter
ND = Not detected at the Reporting Limit
(value i =: Detec'ion Limit

U ~ Result was not at or above the Detection Limit
mg/L = milligrams per liter
J = Estimated - Detected below laboratory reporting limit
ug/L = micrograns per liter

* Q2 and Q3 Vinyl Chloride results were obtained from the laboratory
QA/QC Raw Data documentation. These results were reported by the
laboratory as ND (2) U, not detected at or below the previously established
laboratory reporting limit of 2.0 ug/L. The laboratory reporting limit for
Vinyl Chloride has been modified from 2.0 ug/L to 1.0 ug/'L as of the
Fourth Quarter sampling event.
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Table Al-3
Chemicals Detected in Groundwater during the RI/FS and OU2 LTGWM and MNA Sampling Periods

Four County Landfill
Fulton County, Indiana

Detected Chemical RI/FS
Sampling Period

Aquifer
Units In
Which

Found (1)

Inorganics (mg/L)

Aluminum B*
Antimony B, C

Arsenic B, C
Barium B, C

Cadmium

Sampling
Period

Max Cone.

1.7
0.042, 0.035

0.011,0.01
0.15,0.15

ND
Calcium B, C 150, 110.1
Chromium - ND
Iron B, C 25 , 5.3
Magnesium B, C 65, 52
Manganese B, C 0.94,0.13

Mercury - ND
Nickel B 0.017
Potassium B, C 5.4, 3.6

Well
with

Highest
Cone.

MW-125
MW-116,
MW-109
MW-102
MW-110,
MW-118,
MW-126
-
MW-119
-
MW-108
MW-102
MW-125

-
MW-121
MW-103

LTGWM Sampling Period

Aquifer
Units In
Which

Found (1)

-
-

B,C
B,C

—
B, C
B
B,C
B,C
B,C

C
-
-

Sampling
Period
Max.
Cone.

ND
ND

0.025,0.13
0.66,0.14

ND
160, 120 J
0.034
26, 3.8
70,58
0.48 J,
0.073
0.00032
ND
ND

Well with
Highest
Cone.

-
-

MW-101
MW-116

-
MW-110
MW-110
MW-108
MW-102
MW-108

MW-114
-
-

MNA Sam
. . " - , ' " . - / • - • . .- .

Aquifer
Units In
Which

Found (1)

-
-

-

-
-
-
-
-
-

-
-
-

pling Period

Sampling
Period
Max.
Cone.

NA
NA

N

NA
NA
NA

Well with
Highest
Cone.

-
-

-

-
-
-
-
-
-

-
-
-
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Detected Chemical RI/FS ~
Sampling Period ;

Aquifer
Units In
Which

Found (1)

Sodium B, C
Vanadium
Zinc
Chloride B, C
Nitrate B
Sulfate B, C

Sampling
Period

Max Cone.

85, 14
ND
ND
200, 58
1.2
88.9, 82

Well
with

Highest
Cone.

MW-119
-
-
MW-119
MW-121
MW-113

LTGWM Sampling Period
••~ t-~' :~-^-- • . . ' ' -'• ' . ' • ' . .

Aquifer
Units In
Which

Found (1)

B,C
-
C
B,C
B,C
B,C

Sampling
Period
Max.
Cone.

52,6.5
ND
0.032
200, 28
0.66, 0.65
88,72

Well with
Highest
Cone.

MW-102
-
MW-114
MW-102
MW-118
MW-113

MNA Sam

Aquifer
Units In
Which

Found (1)

-
-
.
B,C
B,C
B,C

aling Period

Sampling
Period
Max.
Cone.

N
NA
98,82
0.72, 0.23
170,75

Volatile Organic Compounds (VOCs) (ug/L)

Acetone B, C
Benzene B, C
Bromodichloromethane B
Bromomethane C
2-Butanone C
Carbon Disulfide B
Carbon tetrachloride B
Chloroethane C
Chloroform B
1,2-Dichloroethane B, C
Cis- 1 ,2-dichloroethene
Dichloromethane B, C
Ethylbenzene C
4-methyl-2-pentanone B, C
Toluene B, C
1 , 1 .2-Trichloroethane

58 J, 10
3.4 J, 460
1.2
0.93 J
19
19J
340 J
1.8
83
4.4 J, 2,000
ND
2.0 J, 2.8
0.75 J
16, 13
1.1 J, 10
NA

MW-113
MW-114
GS-6
GS-2
MW-114
MW-113
MW-113
MW-124
MW-113
MW-114
-
MW-124
GS-128
GS-128
MW-126
-

-
B,C
-
-
-
B
B,C
C
B
B,C
-
-
C
C
B
-

ND
2.4, 160
ND
ND
ND
1.5
600,4
2.0
94
11, 1,900
NA
NA
2.8
2.8
0.77
ND

-
MW-114
-
-
-
MW-113
MW-113
MW-124
MW-113
MW-124
-
-
MW-117
MW-117
MW-127
-

-
C
-
-
-
-
B
-
B
B,C
B
-
-
-
-
B

NA
23
N
N
NA

600

Well with
Highest
Cone.

-
-
-
MW-121
MW-125
MW-116

80
33, 1,300
1.2
NA
ND

2.1

MW-114
-
-
-
-
MW-113
-
MW-113
MW-124
LE-2
-
-
-
-
SC-2
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Detected Chemical RI/FS
Sampling Period

Aquifer
Units In
Which

Found (1)

Vinyl chloride C
m, p-Xylenes B, C
o-Xylenes C

Sampling
Period

Max Cone.

8.7
0.91, 1.5
0.87 J

Well
with

Highest
Cone.

MW-124
GS-128
GS-128

LTGWM Sampling Period

Aquifer
Units In
Which

Found (l)

C
-
-

Sampling
Period
Max.
Cone.

12 J
ND
ND

Well with
Highest
Cone.

MW-124
-
-

MNA Sampling Period

* ' • ' . ' : . . ' >i
Aquifer
Units In
Which

Found 0)

B,C
-
-

Sampling
Period
M^ax.
Cone.

25,7.5
ND
ND

Well with
Highest
Cone.

SC-2
-
-

Dissolved Gases 1 ug/L)

Ethane B, C
Ethene C
Methane B, C

5.1, 1.2
14
1,800, 14

MW-121
MW-109
MW-108

B
C
B, C

0.18J
8.6
10,000,
2,300

MW-110
MW-124
MW-110

B
B
C

1.2
13
6,000

SC-2
SC-2
MW-129

:D

N A
ND

Uni t or we

Unit B Aquifer is described as intermediate zone from 40 to 80 feet bgs; Unit C Aquifer is deep zone greater than 80 ft bgs.
Bold letters indicate aquifer unit in which maximum concentration was found, when it occurred in both aquifers during that

sampling program.
Chemical not analyzed during monitoring program.
Chemical not detected at laboratory detection limit during monitoring perio.

I not applicable because chemical not found or analyzed in monitoring period.
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Table A2-1
Potentially Applicable Chemical Specific Federal and State ARARS as of April 2006

Groundwater Routes of Exposure
Four County Landfill

Fulton County, Indiana

CHEMICAL CAK#

CITATION

ARARs
Human
Health
WQC for
Aquatic
Organis
ms Only
(ug/L)
CWA
304(a)

Human
Health WQC
for Aquatic
Organisms
and Drinking
Water (ug/L)

CWA 304(a)

Primary
Drinking
Water
MCLGs
(ug/L)

40CFR
141

Primary
Drinking
Water
MCLs
(ug/L)

40CFR
101

•«• : . ' • :» TBC Guidance
Proposed
Primary
Drinking
Water
MCLs
(ug/L)

40CFR
300

Inorganics (ug/L)
Aluminum
Antimony
Arsenic
Barium
Cadmium
Calcium
Chromium
Iron
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Chloride
N itrate
Sulfate

742<>05
7440360
7440382
7440393
7440439
7440702
7440473
743<>896
7439954
7439965
7440020
7440097
7440235
7440622
168)17006
14797558

640
0.14

100
4,600

5.6
0.018
1,000

300

50
610

10,000

6
0

2,000
5

100

10,000

6
10

2,000
5

100

10,000

Proposed
Primary
Drinking
Water
MCLGs
(ug/L)

40CFR
300

Secondary
Drinking
Water
SMCLs
(ug/L)

40CFR143

0S EPA
Region 9
Water
Prelimina
Remedial
Goals (PI
(ug/L)(1)

rap

T
on
Gs)

Superfund
Removal
Action
Level
(RAL)
(ug/L)

50-200

300

50

250,000

36
0.015

0.000045
7.3

0.018

(nc)
(nc)
(ca)
(nc)
(nc)

0.011
11

(nc)
(nc)

0.73
0.73

(nc)
(nc)

58,000 (nc)

Volatile Organic Compounds (VOCs) (ug/L)
Acetone 67641
Benzene 714!i2
Bromodichloromethane 752'74

51
17

2.2
0.55

0 5
5,500

0.35
0.18

15
50

2,000
5

200

200
500

250

10,000
250.000

(nc)
(ca)
(ca)

3.500
100
60
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Table A2-1
Potentially Applicable Chemical Specific Federal and State ARARS as of April 2006

Groundwater Routes of Exposure
Four County Landfill

Fulton County, Indiana

CHEMICAL

Bromomethane
2-Butanone
Carbon Disulfide
Carbon tetrachloride
Chloroethane
Chloroform
1,2-Dichloroethane
Cis-1.2-dichloroethene
Dichloromethane
Ethylbenzene
4-methy 1-2-pentanonc
Toluene
1,1.2-Trichloroethane
Vinyl chloride
m, p-Xylenes
o-Xylenes

CA!>#

74859
78953
75150
56255
75003
676.53
107062
156592
750' )2
100414
108101
108:583
79005
75014
1330207
1330207

ARARs
Human
Health
WQCfor
Aquatic
Organis
ms Only
(ug/L)

1.6

470
37

2.100

15.000
16

2.4

Human >
Health WQC
for Aquatic
Organisms
and Drinking
Water (ug/L)

0.23

5.7
0.38

530

1,300
0.59

0.025

Primary
Drinking
Water
MCLGs
(ug/L) -

0

0
70

700

1,000
3
0

10,000
10,000

Primary
Drinking
Water
JWCLs
(ug/L)

5

5
70

700

1,000
5
2

10,000
10,000

TBC Guidance
Proposed
Primary
Drinking
Water
MCLs t£
(ug/L)

Proposed
Primary v
Drinking
.Water,;v"
!MiMpG^:|.
(ag/LJ^

Secondary
Drinking
Water
•SMCtV'/.-':,

vfugTLy v&-;

30

40

20

US EPA
Region?
Water,
Prelimint
Remediat
Goals (PI
(ug/L)(1)

Fap

*y
ion
.Gs)

8.7 (nc)
7,000 (nc)
l,000(nc)

0.17(ca)
4.6 (ca)

0.17(ca)
0.12 (ca)

61
4.3 (ca)

Superfund
Removal
Action
Level
(RAL)
(ug/L)

40
21,000

30

100
40

400
500

1,300 (ca) i 1,000

720
0.2

(nc) 2,000
(ca) 30

0.02 (ca) 20
210 (nc)
210 (nc)

40,000
40,000

('} Region 3 Risk Based Concentration (RBC) Table, as of 4/7/2006.
ARARs to left of double ine applicable only to surface water uses
Lowest applicable ARAR or TBC is noted in bold
(nc) Based on non-cancer risk factors (Non-cancer risks greater than cancer risks)
(ca) Based on cancer risk factors (Cancer risks greater than non cancer risks)
Sources: Risk Assessmen Information System (RAIS), http://risk.lsd.oma.gov/cgi-bin/guide/GUID 9709

US EPA, Regior 9, PRO Table, Version 3, October 2004.
US EPA OS WE I Directive 9360.1-02, Oct. 25, 1993
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Table A2-2a
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
Primary ARARs and TBCs Only (1)

On-site Area
Four County Landfill

Fulton, Indiana

CAS
Number

Chemical Minimum
Detected

Cone.

Maximum
Detected

Cone. - -i:

Units Location of
: Maximum

Cone.
Well (Unit)

Detection
Frequency

(2,4)*

Mean Cone.
Used for* u '

Screening (5)

Screening
Criteria ,

-, <3>

,c OPC
Flag

Rationale

Volatile Organic Compounds (VOCs) (MNA Data Set)

71432

56235
67663
107062
156592
79005
75014

Benzene

Carbon tetra^hloride
Chloroform
1,2-Dichloroethane
cis-l,2-Dich oroethene
1 ,1 ,2-Trichlc roethane
Vinv l Chloride

1.5

4.6
2.4
58
ND
1.1
2.7

1.5

4.6
6.2
620
ND
2.1
25

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

SC-2 (B)

SC-2 (B)
SC-2 (B)
SC-2 (B)

—
SC-2 (B)
SC-2 (B)

1/16

1/16
2/16
8/16
0/16
2/16
7/16

1.0

0.76
0.98
213

—
0.6
5.2

5 (M)

5 (M)
5.7 (A)
5 (M)
70 (M)
5 (M)
2 (M)

X

X

General Chemistry (MN\ Data Set)

16887006
14797558
14808798

Chloride
Nitrate
Sulface

4.5
0.05
47

66
0.12
110

mg/L
mg/L
mg/L

Various
Various
Various

16/16
1/16
16/16

28.28
0.054
63.83

250 (S)
10 (M)

—

BSC

BSC
BSC
ASC, FD
IFD
BSC
ASC, FD

BSC
BSC

Metals (RI/FS and LTGWM Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896
7439965
7440020
7440622

Aluminum
Antimony
Arsenic
Barium
Cacmium
Chromium
Iron
Manganese
Nickel
Vanadium

—
—
—
—
—
—
—
—
—
—

—

—
—
—....
....
....

—
—

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

50 (S)
6 (M)
10 (M)
2,000 (M)
5 (M)
100 (M)
300 (S)
50 (S)

—
—

Four County Landfill Fiv;-Year Review Page I of5



Table A2-2b
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
Primary ARARs and TBCs Only (1)

East Downgradient Sector
Four County Landfill

Fulton, Indiana

CAS
Number

Chemical Minimum
Detected

Cone.

Maximum
Detected

Cone.

Units Location of
Maximum

Cone.
Wett (Unit)

Detection
Frequency

(2,4)

Mean Cone.
Used for

Screening (5)

Screening
Criteria (3)

COPC
Flag

Rationale

Volatile Organic Compounds (VOCs) (MNA Data Set)

71432
56235
67663
107062
156592
79005
75014

Benzene
Carbon tetrach oride
Chloroform
1,2-Dicliloroethane
cis- 1 ,:!-Dich!oroethene
1.1,2-Trichloroethane
Vinyl Chloride

ND

ND
1.4
1.4
1.2
ND
1.2

ND

ND
1.4
8.3
1.2
ND
2.4

ug/L

US/L
ug/L
ug/L
ug/L
ug/L
ug/L

...

—
LE-2 (B)
MW-130(C)
LE-2 (B)
...
MW-130(C)

0/23

0/23
1/23
4/23
1/23
0/23
11/23

...

—
0.5
1.2
0.5

—
0.9

5 (M)
5 (M)
5.7 (A)
5 (M)
70 (M)
5 (M)
2 (M)

1FD

IFD
BSC
BSC
BSC, IFD
IFD
BSC

General Chemistry I MNA Data Set)

16887006
14797558
14808798

Chloride
Nitrat*.'
Sulfate

2.5
0.05
1.4

40
0.18
63

mg/L
mg/L
mg/L

Various
Various
Various

23/24
11/22
23/23

11.9
0.07
36.9

250 (S)
10 (M)

—

BSC
BSC

Metals (Rl/FS and LTGWM Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896
7439965
7440020
7440622

A l u m i n u m
Antimony
Arsenic
Barium
Cadmium
Chromium
Iron
Manganese
Nickel
Vanadium

ND
ND
0.01
0.01
ND
ND
0.02
0.021
ND
ND

ND
ND
0.016
0.66
ND
ND
26
0.12
ND
ND

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

MW-107
MW-107

MW-108
MW-102

0
0
5/12
11/12
0
0
24/25
19/23
0
0

...

—
0.010
0.106

—
—
3.08
0.0567

—
—

50 (S)
6 (M)
10 (M)
2,000 (M)
5 (M)
100 (M)
300 (S)
50 (S)

—...

IFD, BBC
IFD, BBC
BSC, BBC
BSC, BBC
IFD, BBC
IFD, BBC
BSC, BBC
BBC
IFD, BBC
IFD, BBC
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Table A2-2c
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
Primary ARARs and TBCs Only (1)

North Downgradient Sector
Four County Landfill

Fulton, Indiana

CAS
Number

Chemical Minimum
Detected

Cone.

Maximum
Detected

Cone. „-

Units Location of
Maximum

Cone.
Well (Unit)

Detection/
Frequency

(2,4) • : •
Mean
Cone.

Used for
Screening

(5)

Screening
•Criteria?;

f(3) " • : • :

COP
1 Flaj

n

;..',. .•
Rationale

Volatile Organic Compounds (VOCs) (MNA Data Set)

71432
56235
67663
107062
156592
79005
75014

Berzene
Carbon tetrachloride
Chloroform
1,2-Dichloroethane
cis-l,2-Dichloroethene
1,1,2-Trichlcroethane
Vinyl Chloride

2

390
55
1.4
ND
ND
1.9

23

600
80
1,300
ND
ND
11

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

MW-114(C)
MW-113(B)
MW-113(B)
MW-124(C)

—
MW-124(C)

9/102

8/102
8/102
32/102
0/102
0/102
15/102

0.6

39.95
5.96
142.8

—
—
1.4

5 (M)
5 (M)
5.7 (A)
5 (M)
70 (M)
5 (M)
2 (M)

X

X

X

X

General Chemistry (MNA Data Set)

16887006
14797558
14808798

Chloride
Nitiate
Sul "ate

0.55
0.05
1.6

470
1.1
780

mg/L
mg/L
mg/L

Various
Various
Various

90/100
22/98
84/92

24.4
0.15
49.9

250 (S)
10 (M)

—

BSC

ASC, FD
ASC, FD
ASC, FD
IFD
1FD
ASC

Metals (RI/FS and LTGWVI Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896
7439965
7440020
7440622

Aluminum
Antimony
Arsenic
Barium
Cacmium
Chromium
Iron
Maiganese
Nickel
Vanadium

0.09 (J)
0.035
0.005
0.005
ND
0.005
0.062 (J)
0.005 1(J)
0.017
ND

1.7
0.035
0.01
0.15
ND
0.034
26
0.94
0.017
ND

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

MW-125
MW-109
MW-126
MW-110

MW-110
MW-108
MW-125
MW-121

5/32
1/15
6/33
27/33
0
2/33
51/58
47/53
1/15
0

0.194
0.0163
0.005
0.088

—
0.007
6.44
0.171
0.0058
...

50 (S)
6 (M)
10 (M)
2,000 (M)
5 (M)
100 (M)
300 (S)
50 (S)

—...

BSC
BSC

X

X

ABC
BSC, (FD
BSC
BSC
IFD
BSC
BSC
BBC
ABC:
IFD
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Table A2-2d
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
Primary ARARs and TBCs Only

Upgradient (Background) Sector
Four County Landfill

Fulton, Indiana

( i )

CAS
Number

Chemical Minimum
Detected

Cone.

Maximum
Detected

Cone.

Units Location of
Maximum '-,

Cone.
Well (Unit)

Detection
Frequency

(2,4)

Mean Cone.
Used for

Screening
(5)

Screening
.Criteria

v<3) '"'*['•

COP
Flaj

. _. i

Volatile Organic Compounds (VOCs) (MNA Data Set)

71432

56235
67663
107062
156:592
79005
75014
General O

16887006
14797558
14808798

Benzene

Carbon tetrach oride
Chloroform
1,2-Dichloroetliane
cis-lv '.Oichloroethene
1,1,2-rrichloroethane
Viny l Chloride

ND

ND
ND
ND
ND
ND

ND

ND
ND
ND
ND
ND

ND I ND

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

...

—
—
—
—
—
—

0/16

0/16
0/16
0/16
0/16
0/16
0/16

...

—
—
—
—
—
—

5 (M)

5 (M)
5.7 (A)
5 (M)
70 (M)
5 (M)
2 (M)

•*!

J.-'T

Rationale

emistry (MNA Data Set)

Chlond<;
Nitrate
Sulfate

1.5
0.05
33

10
0.14
170

mg/L
mg/L
mg/L

Various
Various
Various

40/40
1/40
40/40

4.8
0.05
63.8

250 (S)
10 (M)

—

IFD

IFD
IFD
IFD
IFD
IFD
IFD

BSC
BSC

Metals (RI/FS and LTCW VI Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896
7439965
7440020
7440622

A l u m i n u m
Antimoiv
Arsenic
Barium
Cadmium
Chromium
Iron
Manganese
Nickel
Vanadium

0.18
0.042
0.0053
0.015
ND
ND
0.59 (J)
0.025
ND
ND

0.18
0.042
0.013
0.18
ND
ND
5.3
0.25
ND
ND

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

MW-116
MW-116
MW-101
MW-118

MW-101
MW-116

1/48
1/42
16/42
30/42
0/36
0/36
44/52
40/48
0/36
0/36

0.083
0.0195
0.0045
0.134

—
—
3.06
0.0939

—
—

50 (S)
6 (M)
10 (M)
2,000 ( M)
5 (M)
100(M)
300 (S)
50 (S)

—
—

BSC, IFD
BSC, IFD
BSC, IFD
BSC, IFD
IFD
IFD
BSC, IFD
BSC
IFD
IFD
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Table A2-2d
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
Primary ARARs and TBCs Only (1)

Upgradient (Background) Sector
Four County Landfill

Fulton, Indiana

(1) Based only upon current NPDWR MCLs and NSDWR Secondary Standards
(2) Number of detections/Number of MNA samples
(3) Screen ng Criteria used is the lowest of (M) NPDWR MCL Standard, (S) NSDWR Secondary Standard.
(4) Number of detections and samples for metals is based on combined RI/FS and LTGWM sampling events.
(5) Mean screening concentration for metals is based on the higher of the mean of the RI/FS or LTGWM sampling programs.
ASC Above Sclectior Criteria
EJSC Below Selection Criteria
ABC Above 2X background concentration
BBC Below 2X background concentration
INF Infrequent Detections
FD Frequent Detect ons
KHC Known Human Carcinogen
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Table A2-3a
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
All Potentially Applicable ARARs and TBCs (1)

On-Site Area
Four County Landfill

Fulton, Indiana

CAS
Number

Chemical Minimum
Detected

Cone.

Maximum
Detected

Cone.

Units Location of
Maximum

Cone.
Weil (Unit)

Detection
Frequency

(2,4)

/Mean Cone.:.
Used for

Screening (5)

Screening ••
Criteria

(3)

COP:
Flaf

Rationale

Volatile Organic Compound; (VOCs) (MNA Data Set)

71432

56235
67663
107062
156592
79005
75014

Benzene
Carbon te'irachloi ide
Chloroform
1,2-Dichloroethaie
cis-l,2-Dichloro«thene

1 , 1 ,2-Trichloroet lane
Vinyl Chbride

1.5

4.6
2.4
58
ND
1.1
2.7

1.5

4.6
6.2
620
ND
2.1
25

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

SC-2 (B)

SC-2 (B)
SC-2 (B)
SC-2 (B)

—
SC-2 (B)
SC-2 (B)

1/16

1/16
2/16
8/16
0/16
2/16
7/16

1.0

0.76
0.98
213

—
0.6
5.2

0.35 (P)

0.17 (P)
0.17 (P)
0.12 (P) j
61 (P)
0.2 (P)
0.02 (P)

X

X

X

X

X

X

ASC, KHC

ASC
ASC, FD
ASC, FD
IFD
ASC, FD
ASC, FD, KHC

General Chemistry I MNA D:ita Set)

16887006
14797558
14808798

Chloride
Nitrate
Sulfate

4.5
0.05
47

66
0.12
110

mg/L
mg/L
mg/L

Various
Various
Various

16/16
1/16
16/16

28.28
0.054
63.83

36 (P)
10 (M, P)
250 (R)

BSC
BSC
BSC

Metals (RI/FS and LTGWM Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896
7439965
7440020
7440622

Aluminum
Antimony
Arsenic
Barium
Cadmium
Chromium
Iron
Manganese
Nickel
Vanadium

—
—
—
—
—
—
—
—
—...

—
—
—
—
—
—
—
—
—...

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

36 (P)
0.0 1 5 (P)
0.000045(P)
7.3 (P)
0.0 1 8 (P)
0.011 (P)
11 (P)
0.7 (P)
0.73 (P)
0.037 (P)
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Table A2-3b
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
All Potentially Applicable ARARs and TBCs

East Downgradient Sector
Four County Landfill

Fulton, Indiana

(i)

CAS
Number

Chemical Minimum
Detected

Cone.

Maximum
Detected

Cone.

Units Location of
Maximum

Cone.
Well (Unit)

Detection
Frequency

(2,4)

Mean Cone.
Used for

Screening
(5)

Screening
Criteria (3)

COPC
Flag

Rationale

Volatile Organic Compound i (VOCs) (MNA Data Set)

71432

56235
67663
107062
156592
79005
75014

Benzene
Carbon tetrachlo 'ide
Chloroform
1,2-Dichloroethane
cis- 1 ,2-lDichlorocthene
1,1.2-Trichloroethane
Vinyl Chloride

ND

ND
1.4
1.4
1.2
ND
1.2

ND

ND
1.4
8.3
1.2
ND
2.4

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ue/L

...

—
LE-2 (B)
MW-130(C)
LE-2 (B)

—
MW-130(C)

0/23

0/23
1/23
4/23
1/23
0/23
11/23

—

—
0.5
1.2
0.5

—
0.9

0.35 (P)

0.17 (P)
0.17 (P)
0.12 (P)
61 (P)
0.2 (P)
0.02 (P)

X

X

X

IFD

IFD
ASC
ASC, FD
BSC, IFD
IFD

ASC, FD, KHC
General Cheimistry (MNA Dita Set)

16887006
14797558
14808798

Chloride
Nitrate
Sulfate

2.5
0.05
1.4

40
0.18
63

mg/L
mg/L
mg/L

Various
Various
Various

23/24
11/22
23/23

11.9
0.07
36.9

36 (P)
10 (M, P)
250 (R)

BSC
BSC
BSC

Metals (RI/FS and LTGWM Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896
7439965
7440020
7440622

Aluminum
Antimony
Arsenic
Barium
Cadmium
Chromium
Iron
Manganese
Nickel
Vanadium

ND
ND
0.011
0.016
ND
ND
0.02
0.021
ND
ND

ND
ND
0.016
0.66
ND
ND
26
0.12
ND
ND

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

—...
MW-107
MW-107

—
—
MW-108
MW-102

—...

0
0
5/12
11/12
0
0
24/25
19/23
0
0

—
...
0.010
0.106

—
—
3.08
0.0567

—...

36 (P)
0.015 (P)
0.000045(P)
7.3 (P)
0.0 1 8 (P)
0.011 (P)
1 1 (P)
0.73 (P)
0.73 (P)
0.037 (P)

IFD
IFD
BBC
BSC, BBC
IFD
IFD
BSC, BBC
BSC, BBC
IFD
IFD
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Table A2-3c
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
All Potentially Applicable ARARs and TBCs

North Downgradient Sector
Four County Landfill

Fulton, Indiana

( i )

CAS
Number

Chemical Minimum
Detected V

Cone.

Maximum
Detected

Cone.

Units ..Location of
Maximum

Conc.-
Well (Unit)

Detection
Frequency

(2,4)

Mean Cpnc.
Used for

Screening
(5)

/Screening ;;
Criteria (3)

( :OPC
Flag

Rationale

Volatile Organic Compound; (VOCs) (MNA Data Set)

71432

56235
67663
107062
156592
79005
75014

Benzene

Carbon te:rachloi ide
Chloroform
1,2-Dichloroethaie
cis-l,2-Dichloroethene
1,1,2-Trichloroetiane
Vinyl Chloride

2

390
55
1.4
ND
ND
1.9

23
600

i,:ioo
ND
ND
11

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

MW-114(C)

MW-113(B)
MW-113(B)
MW-124(C)

—
—
MW-124(C)

9/102

8/102
8/102
32/102
0/102
0/102
15/102

0.6

39.95
5.96
142.8

—
—
1.4

0.35 (P)

0.17 (P)
0.17 (P)
0.12 (P)
61 (P)
0.2 (P)
0.02 (P)

X

X

X

X

X

ASC FD, KHC

ASC, FD
ASC, FD
ASC, FD
IFD
IFD

ASC, FD, KHC
General Chemistry (MNA D;ita Set)

16887006
14797558
14808798

Chloride
Nitrate
Sulfate

0.55
0.05
1.6

470
1.1
780

mg/L
mg/L
mg/L

Various
Various
Various

90/100
22/98
84/92

P24.4
0.15
49.9

36 (P)
10 (M, P)
250 (R)

BSC
BSC
BSC

Metals (RI/FS and LTGWM Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896

Aluminum
Antimony
Arsenic
Barium
Cadmium
Chromium
Iron

7439965 Manganese
7440020 Nickel
7440622 Vanadium

0.09 (J)
0.035
0.005
0.005
ND
0.005
0.062 (J)
0.0051 (J)
0.017
ND

1.7
0.035
0.01
0.15
ND
0.034
26
0.94
0.017
ND

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

MW-125
MW-109
MW-126
MW-110

MW-110
MW-108
MW-125
MW-121

—

5/32
1/15
6/33
27/33
0
2/33
51/58
47/53
1/15
0

0.194
0.0163
0.005
0.088
...
0.007
6.44
0.171
0.0058
—

36 (P)
0.015 (P)
0.000045 (P)
7.3 (P)
0.018 (P)
0.011 (P)
11 (P)
0.73 (P)
0.73 (P)
0.037 (P)

X

X

X

ABC
BSC IFD, BBC
BBC
BSC,BBC
IFD, BBC
BSC, BBC
BSC, BBC
ABC
ABC
IFD
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Table A2-3d
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
All Potentially Applicable ARARs and TBCs (1)

Upgradient (Background) Sector
Four County Landfill

Fulton, Indiana

CAS
Number

ChemUal Minimum
Detected

Cone.

Maximum
Detected

Cone.

Units Location of
Maximum

Cone.
Well (Unit)

Detection
Frequency

(2,4)

Mean Cone.
Used for

Screening
(5)

Screening
Criteria (3)

Volatile Organic ( ompoui ds (VOCs) (MMA Data Set)

71432

56235
67663
107062
156592
79005
75014

Benzcn;

Carbon tetrachloride
Chloroform
1,2-Dichloroetiane
cis-l,2-Dichloioethene
1 , 1 ,2-Trichlorc ethane
Vinyl Chloride

ND

ND
ND
ND
ND
ND
ND

ND

ND
ND
ND
ND
ND
ND

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

...

—
—
—
—
—
—

0/16

0/16
0/16
0/16
0/16
0/16
0/16

...

—
—
—
—
—
—

0.35 (P)

0.17 (P)
0.17 (P)
0.12 (P)
61 (P)
0.2 (P)
0.02 (P)

:OPC
Flag

Rationale

General Chemistry (MNA Data Set)

16887006
14797558
14808798

Chloride
Nitrate
Sulfate

1.5
0.05
33

10
0.14
170

mg/L
mg/L
mg/L

Various
Various
Various

40/40
1/40
40/40

4.8
0.05
63.8

36 (P)
10 (M, P)
250 (R)

IFD

1FD
IFD
IFD
IFD
IFD
IFD

BSC
BSC
BSC

Metals (RI/FS and LTGWM Data Sets)

7442905
7440360
7440382
7440393
7440439
7440473
7439896
7439965
7440020
7440622

A l u m i n u m
Antimony
Arsenic
Barium
Cadmium
Chromium
Iron
Manganese
Nickel
Vanadium

0.18
0.042
0.0053
0.015
ND
ND
0.59 (J)
0.025

—
—

0.18
0.042
0.013
0.15
ND
ND
5.3
0.25
...
...

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

MW-116
MW-116
MW-101
MW-118

—
—
MW-101
MW-116

—...

1/48
1/42
16/42
3042
0/36
0/36
44/52
40/48
0
0

0.083
0.0195
0.0045
0.134

—
—
3.06
0.0939

—
...

36 (P)
0.015 (P)
0.000045 (P)
7.3 (P)
0.018 (P)
0.011 (P)
11 (P)
0.73 (P)
0.73(P)
0.037 (P)

BSC, IFD
BSC, IFD
BSC, IFD
BSC, IFD
IFD
IFD

BSC, IFD
BSC
IFD
IFD
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Table A2-3d
Updated Review (2004 - 2006 Monitoring Data)

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater
All Potentially Applicable ARARs and TBCs (l)

Upgradient (Background) Sector
Four County Landfill

Fulton, Indiana

(1) Includes current NPDWR MCLs, NSDWR Secondary Standards, Region 3 RBC Table tap water PRGs, and Superfund RALs
(2) Number of detections/Number of MNA samples
(3) Screening Criteiia used is the lowest of (M) NPDWR MCL Standard, (S) NSDWR Secondary Standard, (P) US EPA Region 3 RBC Table PRG for tap

water, (K) Supsrfund Removal Action Level (RAL).
(4) Number of detections and samples for metals is based on combined RI/FS and LTGWM sampling events.
(5) Mean screening concentration for metals is based on the higher of the mean of the RI/FS or LTGWM sampling programs.
ASC Above Sdectior Criteria
BSC Below Sdectior Criteria
ABC Above 2X background concentration
BBC Below 2X background concentration
INF Infrequent Detections
FD Frequent Detect ons
KHC Known Human Carcinogen
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Table A3-1
Non-Cancer Toxicity Data

Updates for Oral, Dermal, and Inhalation RfD Values
Four County Landfill

Fulton County, Indiana

COPC

, ' - -;-

•: Original
Oral Sifl)

Value
(mg/kg-d)

Current
RfD Value
(mg/kg-d)

Original ^
Dermal RfD

Value
(mg/kg-d)

J.': Current 'V ;.'
^Dermal RfD
l! Value
: (mg/kg-d)

Original
InhaUtio

'IttRIDv, -
Value

(mg/kg-
d)

Current
Inhalatio

n RfDj
Value

(mg/kg-
d)

- '^' , • :

• .̂ ™5?f !
Currei

RfD

Inorganics
Aluminum
Antimony
Arsenic
Barium
Cadmium
Manganese
Manganese
Nickel

l.OOE+00
NC
NC
NC
NC
4.67E-02
1.40E-01
2.00E-02

l.OOE+00
4.00E-04
3.00E-04
2.00E-01
5.00E-04
4.67E-02
1.40E-01
2.00E-02

l.OOE+00
NC
NC
NC
NC
4.67E-02
1.40E-01
2.00E-02

l.OOE-01
8.00E-06
1.23E-04
1.40E-02

5.60E-03
NC
5.40E-03

l.OOE-03
NC
NC
NC
NC
1.43E-05
NC
NC

1.4E-03

—
—
1.4E-04

—
1.4E-05
NC
...

rf"-
t - '

f ^ Date of
Current

RfD

PPRTV
IRIS
IRIS
IRIS/HEAST
IRIS
IRIS
IRIS
IRIS

02/01/1991
02/01/1993
07/11/2005
02/01/1994
05/01/1996
05/01/1996

r 12/01/1996
Volatile Organic Compounds (VOCs)
Benzene
Bromomethane
Carbon Disulfide
Carbon tetrachloridc
Chloroform
1,2-Dichlcroethane
Cis-l,2-dii;hloroelh<:ne
4-methyl-2-pentanone
1 , 1 .2-Trichloroethane
Vinyl chloride

3.00E-03
1.40E-03
l.OOE-01
7.00E-04
NC
3.00E-02(1)
NC
8.00E-02
NC
NC

4.00E-03
1.40E-03
l.OOE-01
7.00E-04
l.OOE-02
2.00E-02(1)
l.OOE-02
8.00E-02
3.00E-03
3.00E-03

3.00E-03
1 .40E-03
l.OOE-01
7.00E-04
NC
3.00E-02(1)
NC
8.00E-02
NC
NC

3.88E-03
1.12E-03
6.30E-02
4.55E-04
2.00E-03
2.00E-02
l.OOE-02

—
—
3.00E-03

1.70E-03
1.40E-03
2.00E-01
5.71E-04
NC
1 .40E-03
NC
2.00E-02
NC
NC

8.60E-03
1 .40E-03
2.0E-01
7.00E-04
1.40E-02
1.40E-03
l.OOE-02

—
3.00E-02
2.90E-02

IRIS, RC
IRIS
IRIS
IRIS
IRIS
NCEA
PPRTV, RC
HEAST
IRIS, RC
IRIS

04/17/2003
07/01/1991
09/01/1990
06/01/1991
10/19/2001
10/07/1999

02/01/1995
08/07/2000

NA - Not Applicable, VC •= Not C onsidered, UA = Unavailable
(I) = Provisional Value from NCEA Regional Support, Region III Risk-Based-Concentration table, Oct. 7, 1999
IRIS = U. S. EPA Integrated Risk Information System
SHRTSC = Superfund Hwilth Risl Technical Support Center
HEAST = Health Effects Assessment table, 9200.6-303m (95-2), EPA/540-R-95-142, July 1997
NCEA = National Cen .er for Envi -onmental Assessment
PPRTV = Provisional 1'eiM Rcviev ed Toxicity Values, US EPA OSWER Office of Superfund Remediation Technology Innovation
RC = Route Extrapolation calculat ion from US EPA, Region 9 PRG Table.
Bold entries are values that have b;en revised in the direction of greater toxicity since the BHHRA.
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Table A3-2
Cancer Toxicity Data

Updates for Oral and Inhalation Slope Factors
Four County Landfill

Fulton County, Indiana

NA - Not Applicable
NC -" Not Considered
UA =• Unavailable
— = Not Determined
IRIS = U. S. EPA Integrated Risk Information System
RC = Route Extrapolation cal:ulation from US EPA, Region 9 PRO Table.
Bold values represent upward revisions in cancer slope factors since the BHHRA.

COPC Carcinogen
Class

Original Oral
Cancer Slope

Factor

Current
Oral

Cancer
Slope
Factor

Original
Dermal

Adjusted
Cancer
Slope
Factor

Current ;
Dermal : •

Adjusted
Cancer Slope

Factor

Original =
Inhalation

;..?C«ncer;, ';':-
SIcJpe
Factor

^Current
Inhalation

'' ;Caniir?V
Slope
Factor

Sourc<
Curn

Stop
Facto

Inorganics
Arsenic I A
Cadmium [ Bl

NC
NC

1.5E+00
...

NC
NC

3.66E+00
...

NC
NC

1.51E+00
6.3E+00

of
"t
! ; -

*">

Date of
Current

Slope
Factor

IRIS
IR1$

04/10/1998
06/01/1992

Volatile Organic Compounds (VOCs)
Benzene
Carbon tetrachloride
Chloroform
1,2-Dichloroethane
1 , 1 .2-Trichloroethans:
Vinyl chloride ( c h i l d )
Vinyl chloride (adtlt)

A
B2
B2
B2
C
A
A

2.90E-02
1.30E-01

NC
9.10E-02

NC
1.90E+00

NC

5.5E-02
1.3E-01
l.OE-02

9.10E-02
5.7E-02

1.50E+00
7.2E-01

2.90E-02
1.30E-01

NC
9.10E-02

NC
1.90E+00

NC

5.67E-02
2.00E-01
3.05E-02
9.10E-02

—
1.50E+00
1.50E+00

2.90E-02
5.30E-02

NC
9.10E-02

NC
3.00E-02

NC

2.7E-02
5.30E-02
8.10E-02
9.10E-02
5.60E-03
3.00E-02
1.5E-02

IRIS, RC
IRIS, RC
IRIS, RC
IRIS, RC
IRIS.RC
IRIS, RC
IRIS, RC

01/09/2000
06/01/1991
10/19/2001
01/01/1991
02/01/1994
03/07/2000
03/07/2000
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Scenario Timefrain:: Current Fuiure
Medium: Groundwater
Exposure Medium: Grcundwater
Exposure Point. Ingestion, Dermal, Irnalati >n
Receptor Population: Resideni
Receptor Age: Chi dren and A d u l t s

Table A3-3a
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

ngeshon

(child)

Deimal

(ch i ld )

Inhalation

(child)

Chemical

Benzene

Carbon tetrachhn je

Chloroform

l,2-15ichloroetran._"

Vinyl Chloride

Manganese

Medium EPC
Value

(Mean)

6.66E-01

8.6IE-01

7.36E-OI

2 70E+00

5.00E-OI

1.7IE-OI

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

Route EPC Value
(CM)

6.66E-04

8.6IE-04

7.36E-04

2.70E-03

5.00E-04

I . 7 I E - O I

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

...

...

...

...

...

Non-Cancer
Intake

(CD1)

3.70E-05

4.79E-05

4.10E-05

1.50E-04

2.78E-05

9.51 E-03

CDl Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFD)

4.00E-CI3

7.00E-04

I .OOE-02

2.00E-02

3.00E-03

2.00E-02

Reference Dose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazarc Quotient
(HQ)

9 25E-03

6 84E-02

410E-03

7 52E-03

9 27E-03

4.76E-01

Total 5.74E-01

Ben;:ene

Carbon tctrachl >nik

Chlcrofonn

1,2-Dichloroethani.'

V i n > l Chloride

Manganese

6.66E-01

8.61E-OI

7.36E-01

2 70E+00

1 24E+00

1.71E-01

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6.66E-04

8.61 E-04

7.36E-04

2 70E-03

1.24E-03

1.71E-OI

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

7.30E-03

l.OOE-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

1.95E-06

2.64E-06

9.14E-07

1.99E-06

5.08E-07

2.38E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

3.88E-03

4.55E-04

2.00E-03

2.00E-02

3.00E-03

5.60E-03

mg/kg-'day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

5.02E-04

5.80E-03

4.57E-04

9.97E-05

1 .69E-04

4.25E-03

Total 1.13E-02

Ben;:ene

Carbon tutrachloride

Chloroform

,2-Dichloroethant:

Vinyl Chloride

Manganese

6.66E-01

86IE-OI

7.36E-01

2.70E+00

1 .24E+00

1.71E-OI

Total

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

1.24E-03

1.7IE-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

1.85E-04

2.39E-04

2.05E-04

7.52E-04

1 .39E-04

4.76E-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

8.60E-03

5.00E-04

1 .40E-02

TOOE-Ol

2.80E-02

I.43E-05

mg/kg-Jay

mg/kg-day

I mg.'kg-day

mgiTcg-day

mg-lcg-day

mg.'kg-day

2.15E-02

4 79E-01

1 46E-02

1.07E-03

497E-03

333E+03

3 33E+03

Total Hazard Index Across All Exposure Routes/Pathways | 3.3!E+03



Scenario Timeframe: Current Future
Medium Groundwater

Exposure Medium: Groundwutei
Exposure Point: Ingestion, Dermal. Inhalation
Receptor Population: Residen:
Receptor Age: Children and f dulls.

Table A3-3a
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure- Route

[ngestior

(adul t )

Dermal

(adult)

Inhalat ion

adult)

Chemical

Benzene

Carbon tetrachlonde

Chloroform

1,2-Dichloroethine

Vinyl Chloride

Margamrse

Medium EPC
Value

(Mean)

6.66E-01

8.6IE-OI

7.36E-01

2.70E+00

I.24E+00

1.7IE-01

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

Route EPC Value
(CM)

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

1.24E-03

I .7 IE-01

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

—
...

...

—
...

Non-Cancer
Intake

(CDI)

1.28E-05

1.65E-05

1.41E-05

5.18E-05

9.59E-06

3.28E-03

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFD

4 OOE-C3

7 OOE-C4

I .OOE-02

2.00E-02

3.00E-W

2 OOE-02

Reference Dose
Unit.i

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-da.y

mg/kg-day

Hazard Quotieni
(HQ)

3.19E-03

2 36E-02

1.41E-03

2.59E-03

320E-03

1.64E-01

Total 1.98E-01

Benzene

Carbon tetrachbn je

Chloroform

l,2-]Dichloroetran;

Vinyl Chloride

Manganese

6.66E-OI

8.61E-OI

7.36E-OI

2.70E+00

I.24E+00

1 . 7 I E - O I

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

1 .24E-03

1.7 IE-OI

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

7.30E-03

I.OOE-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

8.62E-07

1.17E-06

4.05E-07

8.83E-07

2.25E-07

1.05E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

3.88E-03

4.55E-04

2.00E-03

2.00E-02

1.00E-C3

S.60E-C3

mg/kg-daiy

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-da.y

mg/kg-day

2.22E-04

2.57E-03

2.02E-04

4.42E-05

7.50E-05

1.88E-03

Total 499E-03

Benzene

Carton tetrachl )riiie

Chlcrofonn

1,2-Dichloroethanr

Vinyl Chloride

klanganese

6.66E-01

8.61E-01

7.36E-01

2 70E+00

1 24E+00

I.71E-01

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6.66E-04

8.61E-04

7.36E-04

2.70E-03

I.24E-03

1.71E-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Total

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

6.84E-05

8.84E-05

7.56E-05

2.78E-04

5.14E-05

1.76E-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

8.60E-C3

5.00E-C4

1.40E-C2

7.00E-C 1

2.80E-C2

1 .43E-05

mgAg-day

mg/kg-day

mg.'kg-day

mg/kg-day

mg/kg-day

mg/kg-day

7.95E-03

1.77E-01

5.40E-03

3.97E-04

1.83E-03

1 23E+03

1 23E+03

Total Hazard Index Across All Exposure Routes/Pathways | I.23E+03



Scenario Timeframe: Current Fu:ure
Medium Groundwater
Exposure Medium Groundwctei
Exposure Point Ineestion, Dermal, Inhalation
Receptor Population: Residen
Receptor Age: Children and/* dulls

Table A3-3a
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

[ngestion

(chi ld)

DeiTnal

(child)

nhalation

(child)

Chenical

Benzene

Carbon tetrachbnde

Chloroform

1 ,2Oichloioetr an '

Vinyl Chloride

Manganese

Medium EPC
Value

(Mean)

I.52E+00

2.64E+01

4.27E+00

8.10E+01

1 .63E+00

3.06E-01

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

Route EPC Value
(CM)

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1 .63E-03

3.06E-01

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

—
...

...

Non-Cancer
Intake

(CDI)

1 .46E-04

2.53E-03

4.10E-04

7.76E-03

1.57E-04

2.93E-02

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFD)

4.00E-03

7.00E-04

I .OOE-CI2

2.00E-02

.1.00E-C3

2.00E-C2

Reference Dose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/Vg-day

mg.'kg-day

mg/kg-Jay

Hazard Quotiem

(HQ)

3.65E-02

362E+00

4.10E-02

3 88E-01

5 :3E-o:
1.47E+00

Total 561E+00

Benzene

Carbon tetrachl DrMe

Chloroform

1,2-Dichloroetriani;

V i n > l Chloride

Manganese

Total

Ben;-.ene

Carbon tctrachloriile

Chloroform

,2-Dichloroethant:

Vinyl Chloride

Manganese

1 52E+00

264E+OI

4 27E+00

8 IDE +01

1 63E+00

3.06E-01

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

I.52E-03

2.64E-02

4.27E-03

8.10E-02

1 .63E-03

3.06E-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.IOE-02

2.20E-02

8.92E-03

5.30E-03

7.30E-03

l.OOE-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

1 .53E-05

2.79E-04

1 .83E-05

2.06E-04

5.72E-06

1.47E-04

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

3.88E-C3

4.55E-04

2.00E-03

2.00E-C2

3.00E-03

5.60E-03

mg/kg-day

mg.'kg-Jay

mg/lcg-day

mg.'kg-.lay

mg/kg-day

mg/kg-day

3 95E-03

6 13E-01

9 14E-03

1 03E-02

I.91E-03

2.62E-02

6.64E-OI

I.52E+00

2 64E+OI

4.27E+00

8 10E+OI

1 63E+00

306E-OI

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

3.06E-OI

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

4.23E-04

7.35E-03

1.19E-03

2.25E-02

4.55E-04

8.51E-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

8.60E-03

5.00E-04

1 .4HE-02

7.00E-01

2.80E-02

1 .43E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4 92E-02

1 47E+-01

8.49E-02

3.22E-02

1.62E-02

5 9.5E+03

Total 5 97E+03

Total Hazard Index Across All Exposure Routes/Pathways | 5 97E+03



Scenario Timeframe. Currer t f u t u r e
Medium Groumlwater
Exposure Medium. Groundwaler

Exposure Point Ingeition. [lemril, I n h a l a t i o n
Receptor Popu ation Residt nl
Receptor Age Children and AdiKts

Exposure Route

ngestion

i c h i l d )

Dermal

(Childi

Inhalat ion

( c h i l d )

Chemical

Chloroform

l,2-Dichloro<-thane

VmyJ Chloride

T.jtal

Chloroform

1.2-Dichloro;thane

V i n y l Ch lonJe

Total

Chloroform

1 .2-D chloroethane

V i n y l ChlonJe

Table A3-3b
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Medium EPC

Value
(Mean)

5.39E-OI

7.17E-01

1 27EK>0

5.39E-01

7.17E-01

I.27E+00

5.39E-01

7.17E-OI

I.27E+00

Medium EPC

Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Valut
(CM)

5 39E-04

7 I7E-04

1 27E-03

5.39E-04

7.17E-04

1.27E-03

5 39E-04

7 I7E-04

1 27E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

8 92E-03

5.30E-03

7.30E-03

NA

NA

NA

PC Units

-

cm/hr

cm/hr

cm/hr

-

...

-

Non-Cancer

Intake

(CDI)

3.00E-05

3 99E-05

7 04E-05

6.69E-07

5.29E-07

1 .29E-06

I.50E-04

2 OOE-04

3.52E-04

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose

(RFD)

1 OOE-02

2 OOE-02

3 OOE-03

2.00E-03

2.00E-02

3. OOE-03

1.40E-02

700E-01

2.80E-02

Reference Dose

Units

mg/kg-da>

mg/kg-day

mg/kg-day

nig/kg-day

mg/kg-day

rag/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazard Quotient

( H Q )

3.00E03

2.00E-03

2.35E-02

2.85E-02

3 35E-04

2.6SE-05

4 29E-04

7.90E-04

1.07E-02

285E-04

1 26E-02

Total 236E-02

Total Hazard Index Across All Exposure Routes'Pairiways

Scerario Timeframe Current Fu ture

Medium Groundwater

Exposure Medium. Groundwater
Exposure Point, /ngestion, t)trmal Inha ation
Receptor Popu ation: Resident

Receptor Age Children and Adults

Exposure Route

nges'.ion

(adun. l

Derrral

( Adult 1

Inhalat ion

(Adul t )

Chemical

Chloroform

1,2-Dichlonethane

V i n y l Ch lo t id t

Tola!

Chloroform

1,2-DichloKielhane

Vinyl Chlo id.:

Total

Chloroforn

1,2-Dichloioe hane

Viny l Chlond:

Total

N

Medium EPC

Value
(Mean)

5 39E-01

7 I7E-01

1 27E+00

5.39E-OI

7 17E-01

1 27E+00

539E-OI

7 17E-OI

1.27E+00

Table A3-3b
on Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Medium EPC

Units

ug/L

ug/L

ug/L

ug/L

ug/L

UK/L

ug/L

ug/L

ug/L

Route EPC Value

(CM)

5.39E-04

7 1 7E-04

1 27E-03

5.39E-04

7 17E-04

1 27E-03

5.39E-04

7.17E-04

1 27E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

8.92E-03

5.30E-03

7 30E-03

NA

NA

NA

PC Units

-
...

...

cm/hr

cm/hr

cm/hr

...

...

Non-Cancer

Intake

(CDI)

1.03E-05

I.3SE-05

243E-05

2.96E-07

2 34E-07

5.70E-07

5.54E-05

7 37E-05

1.30E-04

CDI Units

mg/kg-day

mg/lcg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mgAg-day

mg/kg-day

mg/kg-day

Reference Dose

(RFD)

1. OOE-02

2.00E-02

3. OOE-03

2 OOE-O:I
2.00E-0!!

3.00E-0!

1.40E-0.!

700E-OI

2.80E-02

Reference Dose

Units

mg/kg-day

rng/fcg-day

mg/kg-day

mg/kg-d.jy

mg/kg-d.jy

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

H;izard Quotient

(HQ)

1 03E-03

6.88S-04

8 10E-0?

9.82E-0?

1 48=-04

I .17;-05

l.c>OE-04

3.506-04

3.')5E-03

1 05E-04

4.65E-03

8.71E-03

Total Hazard Index Across All Exposure Routes/Pathways | 1 89E-02



Scenario Time
Medium Gro
Exposure Met
Exposure Poii
Receptor Popi
Receptor Age

Exposure Route

Ingeslion

(child)

Dermal

1 Child 1

Inhahuion

(child:

frame Current - j t u r e
undwaler
lum Groundwater
t. Jngeslion. 3e-mal, Inha la t ion
ation Resident
Children ami A d u l t s

Chemical

Chloroform

1 ,2-Dichloroethane

V i n y l Chlon Je

Total

Chloroform

1 ,2-Dichlorcetr:ane

V i n y l Chlor ide

Total

C hlorotorm

1,1.2-TnchlorO'ithane

Vinyl Chloride

N

Medium EPC
Value

(Mean)

6.25E-OI

1.55E+00

1.51E+00

625E-01

1 55E+00

1.51E+00

6.25E-01

500E-OI

I.51E+00

Table A3-3b
on Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Medium EPC

Units

ug/L

ug/L

ug/U

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

6.25E-04

1 55E-03

1.51E-03

6.25E-04

1 55E-03

I.5IE-03

6.25E-04

5.00E-04

1.51E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

8.92E-03

5.30E-03

7.30E-03

NA

NA

NA

PC Units

—

cm/hr

cm/hr

cm/hr

-
...

...

Non-Cancer
Intake

(CDI)

5.99E-05

1 49E-04

1.45E-04

2.67E-06

3.94E-06

5.28E-06

1.74E-04

O.OOE+00

4.I9E-04

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFD)

l.OOE-02

2 OOE-02

3 OOE-03

2 OOE-03

2.00E-02

3 OOE-03

I 40E-02

4 OOE-03

2 80E-02

Reference Dose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazard Quotient

(HO)

5.99E-03

7 44E-03

4.82E-02

6.1UE-02

1 34E-03

1 97E-04

1 76E-03

3 29E-03

1 24E-02

0 OOE+00

1 50E-02

Total 274E>02

Total Hazard Index Across All Exposure Routes'Pathways

Scenario Timeframe C'umiit F u t u r e
Medium Groundwaier
Exposure Medium Grouru w^ter
Exposure Point Ingestion, Dermal. Inha aticn
Receptor PopuliiUon Resident
Receptor Age. Children and Adul t s

Table A3-3b
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

ngestion

(adult)

Dermal

( A d u l t )

Inhalation

(Adul t !

Chemical

Chloroform

1,2-Dichlorpethane

Viny l Chlor dc

Total

Chloiolorm

1 ,2-Dichlornetliane

Viny l Chlor de

"otal

Chloroform

.2-Dichlon>et lane

V i n y l Chloride

Medium EPC
Value

(Mean)

6.25E-OI

I 55E+00

1 5IE+00

6.25E-01

1.55E+00

1 51E+00

625E-01

1.55E+00

1 51E+00

Medium EPC:
Units

ug.I-

ug/L

ug/L

ugl.

ug'L

ugl

ug/L

ug/L

ugO.

Route EPC Value
(CM)

6.25E-04

1.55E-03

1.5IE-03

6.25E-04

1.55E-03

1.51E-03

6.25E-04

1 55E-03

1.5IE-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

8.92E-03

5 30E-03

7.30E-03

NA

NA

NA

PC Units

...

—
...

cm/hr

cm/hr

cm/hr

...

...

Non-Cancer
Intake

(CDI)

2.05E-05

5.10E-05

4 96E-05

9.74E-07

1 .44E-06

1.92E-06

6.42E-05

1.59E-04

1.55E-04

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFD)

1 OOE-02

2.00I--02

3 OOIi-03

2.00E-03

2.00E-02

3. 0015-03

1.40E-02

700E-OI

2 80E-02

Reference Dose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-d2:y

mg/kg-dziy

mg/kg-dfiy

Hazard Quotient
(HQ)

2 05E -03

2 55E:-03

1.65E:-02

2 .11E-02

4.87E-04

7 I9E.-05

6.41C-04

1 20E-;-03

4 59H-03

2.28H-04

5 53i;-03

1 01E-02

Total Hazard Index Across All Exposure Routes/Pathways 1 3 27E-02



Scenario Timeirame Current f uturc
Medium Groundwater
Exposure Medium: Groundwater
Exposure Point Ingestion, Dermal, Inhalalkn
Receptor Population. Resident
Receptor Age Children and A'luli*.

Table A3-3c
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
On-Site Area

Four County Landfill, Fulton County, Indiana
Exposure Route

[ngestion

(child)

Dermal

(ch i ld)

Inhalation

(child)

Chemical

Benzene

Carbon tetrachlorice

rhlorofoim

1,2-Dichloroeth.mc

1,1 .2-Trichlorotthrrc

V i n y l Chloride

Medium EPC
Value

(Mean)

5.36E-OI

5.74E-01

6.45E-OI

I . 3 I E + 0 1

5.75E-OI

2.61E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

5.36E-04

5.74E-04

6.45E-04

1.31E-02

5.75E-04

2.61 E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

...

...

...

...

-

Non-Cancer
Intake

(CDI)

2.98E-05

3.19E-05

3.59E-05

7.31 E-04

3.20E-05

1 .45E-04

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFD)

4.00E-03

7.00E-04

1 .OOE-02

2.00E-02

3.00E-03

3.00E-03

Reference Dose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/l(g-day

Hazard Quotient
( H Q )

745E-03

4.56E-02

3.S9E-03

3.B5E-02

1.07E-02

4 H4E-02

Total 1 .52E-01

Benzene

Carbon tetrachlorke

Chlorofotrri

1,2-Dichloroethim

1 , 1 ,2-Trichloroc thme

Vinyl Chloride

536E-OI

574E-OI

6.45E-01

1.3IE-H51

5 75E-01

2.6IE+00

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

5.36E-04

5.74E-04

6.45E-04

1.3IE-02

5.75E-04

2.61 E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.IOE-02

2.20E-02

8.92E-03

5.30E-03

6.43E-03

7.30E-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

1.57E-06

1.76E-06

8.02E-07

9.69E-06

5.14E-07

2.66E-06

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

3.88E-03

4.55E-04

2.00E-03

2.00E-32

...

3.00E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/Tig-day

mg/kg-day

mg/kg-day

4.04E-04

3.87E-03

4.01 E-04

4.85E-04

—
8.85E-04

Total 6.04E-03

Benzene

Carbon tetrachloriile

ChlorofoiTn

,2-Dichloroeth me

,1.2-Tncriloroetru.nc

Vinyl Chloride

5.36E-OI

5 74E-01

645E-OI

I .31E+OI

5 75E-OI

26IE+00

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

5.36E-04

5 74E-04

6.45E-04

1.3IE-02

5 75E-04

2 61 E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

-
...

...

...

-

1 .49E-04

1 .60E-04

1.79E-04

3.65E-03

1.60E-04

7.26E-04

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

8.60E-03

5.00E-04

1 .40E-02

7.00E-01

4.00E-03

2.80E-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

1.73E-02

3.19E-01

1.28E-02

5..22E-03

399E-02

2.59E-02

Tota 4.2IE-01

Total Hazard Index Across All Exposure Routes/Pathways | 5.79E-01



Scenario Timeframe: Current fu tu re
Medium: Groundwjiter
Exposure Medium Groundwater
Exposure Point Ingestion. Denial, Inhalation
Receptor Population: Resident
Receptor Age: Children and Ailul s

Exposure Route

Ingestion

(adult)

Dermal

(adul t )

Inhalation

(adult)

Chemical

Benzene

Carbon tetiachlcrice

Chlo-ofotm

l,2-Dichloroeth:me

1,1,2-Trichloroethr.r.c

Vinyl Chloride

Table A3-3c
Non cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
On-Site Area

Four County Landfill, Fulton County, Indiana
Medium EPC

Value
(Mean)

5.36E-01

5.74E-01

6.45E-01

1.31E+OI

5 75E-01

2.6IE+00

Total

Benzene

Carbon tetrachlnride

Chlorofoim

,2-Dichloroethanf

,1,2-Trichlorotthane

Vinyl Chloride

Medium ELPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

5.36E-04

5.74E-04

6.45E-04

1.31E-02

5.75E-04

2.61E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

....

...

...

...

...

—

Non-Cancer
Intake

(CDI)

1 .03E-05

1.10E-05

1 .24E-05

2.52E-04

1.10E-05

5.01 E-05

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Rei'erence Dose
(RFD)

4 OOE-03

7.00E-04

l.OOE-02

2.00E-02

3. OOE-03

3. OOE-03

Reference Dose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazar j Quotient
(HQ)

2.57E-03

1 S7E-02

1.24E-03

1 .26E-02

3B7E-03

1 .157E-02

5.25E-02

5.36E-01

5 74E-01

645E-01

1.31E-KH

575E-01

2.6IE+00

Total

Ben;:ene

Carbon retrachloriJf

Chlcrofomi

,2-Dichloroethani:

,l,;-Trichloro<-th;uie

Vinyl Chloride

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

5.36E-04

5.74E-04

6.45E-04

1.3IE-02

5.75E-04

2.61 E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

6.43E-03

7.30E-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

6.93E-07

7.79E-07

3.55E-07

4.29E-06

2.28E-07

1.18E-06

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

3.88E-03

4.55E-D4

2.00E-03

2.00E-02

3. OOE-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

1.79E-04

1.71 E-03

1.77E-04

2.I5E-04

—

3.92E-04

2.57E-03

5 36E-01

5.74E-OI

6.45E-OI

1 31E+01

5.75E-01

261E-KX)

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

5.36E-04

5.74E-04

6.45E-04

1.31E-02

5.75E-04

2.61 E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

5.50E-05

5.90E-05

6.63E-05

1.35E-03

5.90E-05

2.68E-04

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

8.60E-03

5.00E-04

1 .40E-02

7.00E-OI

4.00E-03

2.80E-02

mg/kg-d.ay

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-clay

6.40E-03

1.18E-01

4.74E-03

1.93E-03

1.48E-02

959E-03

Total 1 55E-OI

Total Hazard Index Across All Exposure Routes/Pathways t 2 1 1E-OI



Scenario Timeframe Current Future
Medium. Groundwt.ter
Exposure Medium Groundwater
Exposure Point Ingesticn. Denial, Inhalat ion
Receptor Population: Resident
Receptor Age: Children and Ai lu l .s

Exposure Route

ngestion

(child)

Dermal

(child)

Inhalation

(child)

Chemical

benzene

Carbon tetrachlcride

Chloroform

l,2-Dichloroeth;ine

1,1,2-Trichloroethene

Vinyl Chloride

Table A3-3c
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
On-Site Area

Four County Landfill, Fulton County, Indiana
Medium EPC

Value
(Mean)

6.58E-OI

1.08E+00

I.37E+00

I.35E+02

7.79E-01

6.12E+00

Total

Benzene

Carbon tetrachlcriiie

Chlorofonn

1.2-Dichloroeth me

,1,2-Tricrilorotthcine

Vinyl Chloride

Medium E;PC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

6.58E-04

1.08E-03

1.37E-03

1.35E-01

7.79E-04

6.12E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

...

...

...

...

...

Non-Cancer
Intake

(CDI)

6.3IE-05

1.03E-04

1.31E-04

1 .29E-02

7.47E-05

S.86E-04

CD! Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFDl

4.00E-03

7.00E-04

l.OOE-02

2.00E-02

3.00E-03

3.00E-03

Reference [)ose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazard Quotien:
( H Q l

1 .58E-02

1 '17E-01

1..1IE-02

645E-01

2..19E-02

I.')5E-01

1 04E-00

6.58E-01

l.OSE+00

1.37E+00

I.35E+02

779E-01

6.12E+00

Tola

Benzene

Carbon tetrachlnriJe

Chloroform

,2-Dichloroetham:

,1,2-Tnchloroithiine

Vinyl Chloride

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

6.58E-04

1.08E-03

1.37E-03

1.35E-01

7.79E-04

6.12E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

6.43E-03

7.30E-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

6.63E-06

1.14E-05

5.84E-06

3.42E-04

2.40E-06

2.14E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

3.88E-03

4.55E-04

2.00E-0?

2 OOE-02

...

3.00E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day
1 mg/kg-day

mg/kg-day

1.71E-03

2.50E-02

2.^2E-03

1.71E-02

...

7.13E-03

5 3SE-02

658E-OI

I.OSE-t-00

I.37E+00

1 35E +02

7.79E-01

6 . I2E+

Total

00

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

6.58E-04

1.08E-03

1.37E-03

I.35E-01

7.79E-04

6.12E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

1.83E-04

2.99E-04

3.80E-04

3.74E-02

2.17E-04

1.70E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

8.60E-03

5.00E-04

1.40E-02

7.00E-01

4.00E-03

2.SOE-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2 13E-02

S.99E-01

2.71E-02

5 35E-02

5.42E-02

6.07E-02

8.16E-01

Total Hazard Index Across All Exposure Rou'.es/Pathways 1 1 31 E^OO



Scenario Timer'ramc: Current 1 'ut are
Medium Groundw;iter
Exposure Medium Groundwaler
Exposure Point In^estion, Dermal. Inhalatkr.
Receptoi Population: Resident
Receptor Age Children and A'lults

Table A3-3c
Non Cancer Hazards for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
On-Site Area

Four County Landfill, Fulton County, Indiana
Exposure Route

Ingeslion

adult)

Dermal

(adult)

Inhalation

(adult)

Chemical

Benzene

Carton tetrachlc-nce

Chloroform

1.2-Dichloroetlune

1,1,2-TriLhloToethi.rc

Vinyl Chloride

Medium EPC
Value

(Mean)

6.58E-01

I.08E+00

I.37E+00

1 35E+02

7.79E-01

6.12E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

6.58E-04

I.08E-03

I.37E-03

I.35E-01

7.79E-04

6.I2E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

-

-
...

...

...

Non-Cancer
Intake

(CDI)

2.16E-05

3.54E-05

4.49E-05

4.43E-03

2.56E-05

2.01E-04

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference Dose
(RFD)

4.00E-03

7.00E-04

I.OOE-02

2.00E-02

3.00E-03

3.00E-03

Reference Dose
Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazard Quotient
•HQ)

5.4IE-03

5.')6E-02

4. (9E-03

2 21E-OI

8.54E-03

6.70E-02

Total 3.57E-OI

Benzene

Carbon tetrachlork.e

Chloroform

1.2-Oichloroeth.me

1 , 1 ,2-TnchloroE thtr.e

Vinyl Chloride

6.58E-01

1.08E+00

I.37E+00

I.35E+02

7 79E-01

6.I2E+00

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

6.58E-04

1.08E-03

1.37E-03

1.35E-01

7.79E-04

6.12E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

6.43E-03

7.30E-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

2.42E-06

4.14E-06

2.I3E-06

1.25E-04

8.76E-07

7.80E-06

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

3.88E-03

4.55E-04

2.00E-03

2.00E-02

...

3.00E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

6.23E-04

9 10E-03

1.J7E-03

6.24E-03

2.50E-03

Total ' 1.96E-02

Benzene

Carbon tetrachloncle

Chiorofoini

1,2-Dichlorocthme

1,1,2-Trichlorotthi.nf

Vinyl Chloride

6.58E-01

1 .08E+00

I.37E+00

1 .35E+02

7.79E-OI

6.I2E-KX)

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

6.58E-04

1 .08E-03

1.37E-03

1.35E-01

7.79E-04

6.I2E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

6.76E-05

I .1 IE-04

1 40E-04

1.38E-02

8.0IE-05

6.28E-04

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

8.60E-03

5.00E-04

I.40E-02

7.00E-01

4.00E-03

2.SOE-02

mg/kg-day

mg/kg-day

mg/kg-day

! mg/kg-day

mg/kg-day

mg/kg-day

7.36E-03

2.2IE-01

1.30E-02

1 98E-02

2.00E-02

2.24E-02

Tola 3.01E-OI

Total Hazard Index Across All Exposure Routes/Pathways | 6.78E-0]



Scenario Timeframe Current l u t j r e
Medium Groundwjiter
Exposure Medium Groundwaier
Exposure Point Ingestion, Dermal. Inhalatur.
Receptor Population: Resident

Table A3-4a
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

ngfstion

(ch i ld )

Dennal

(chi ld)

Inhalation

[child)

Chemical

Benzene

Carbon tetrachkride

Chloroform

1,2-DichloroetlKine

Viny Chloride

Manganese

Medium EPC
Value

(Mean)

6.66E-01

861E-OI

7.36E-OI

2.70E+00

1 .24E+00

1.71E-01

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

Route EPC Value
(CM)

6.66E-04

8.61E-04

7.36E-04

2.70E-03

1.24E-03

I .71E-OI

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

...

...

...

...

Cancer Intake

(CDI)

3.17E-06

4.10E-06

3.51 E-06

1.29E-05

5.93E-06

8.15E-04

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

5 50E-02

1 30E-01

i OOE-O::
9 IOE-02

1.40E+00

I.40E-HM

Total

Benzene

Carbon tetrachlcnde

Chlotoform

l.:-Dichloroeth;ne

Vinyl Chloride

^langanese

6.66E-OI

8.61 E-OI

7.36E-OI

2.70E+00

1 .24E+00

I . 7 1 E - O I

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6.66E-04

8.6IE-04

7.36E-04

2.70E-03

1 .24E-03

1.71E-OI

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

7.30E-03

l.OOE-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

1.67E-07

2.26E-07

7.83E-08

1.71E-07

1.08E-07

2.04E-06

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

5 67E-02

2 OOE-O 1

3 05E4C

9 IOE-O:
1.50E+00

1.50E+00

Total

Benzi:ne

Carbon telrachlo^id:

Chloroform

,2-Dichloroethane

Vinyl Chloride

Manganese

6.66E-OI

8.61 E-OI

7..16E-01

2.70E+00

I.24E+00

I . 7 I E - 0 1

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6 66E-04

8.61 E-04

7.36E-04

2.70E-03

1.24E-03

I . 7 I E - O I

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

—
...

...

...

...

1.58E-05

2.05E-05

1.75E-05

6.43E-05

2.96E-05

4.07E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2 70E-0:

5.30E-0:

S.IOE-O:
9.IOE-0?.

3.00E-0:

3. OOE-O:

Cancer Slope
(•'actor Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Risk

577E-05

3.16E-05

3. 51 E-04

1 .42E-04

424E-06

5.82E-04

1 17E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2.94E-06

1.13E-06

2 57E-06

1.88E-06

721E-08

1 36E-06

994E-06

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

rng/kg-day

rng/kg-day

587E-04

3.87E-04

2.16E-04

7 07 E-04

9 87E-04

1 33E-01

Total 1 39E-01

Total Cancer Risk Across All Exposure Routes/Pathways | l -DE-01



Scenario Timeframe Current Future
Medium. Groundwater
Exposure Medium 3roundwaur
Exposure Point Ingestion, Derna., Inhala t ion
Receptor Population Resident

Table A3-4a
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

Ingestion

(adul t )

Dennal

(adult)

Inhalation

(adult)

Chemical

Benzine

Carbon tetrachlcride

Chloroform

1.2-Cichloroethfne

Vinyl Chloride

Vlan^anes-e

Medium EPC
Value

(Mean)

6.66E-01

8.61E-OI

7.36E-OI

2.70E+00

1 .24E+00

I.71E-0!

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

Route EPC Value
(CM)

6.66E-04

8.6IE-04

7.36E-04

2.70E-03

1.24E-03

I.7IE-01

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

....

...

...

—
...

...

Cancer Intake

(GDI)

4.38E-06

5.66E-06

4.84E-06

1.78E-05

8.18E-06

1.12E-03

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SI')

5 50E-0:

1 30E-01

I.OOE-O:.
9 10E-02

1.40E+00

1.40E+00

Total

Benzene

Carbon tetrachloride

Chloroform

1,2-Eichloioethnie

V i n y l Chloride

v1ant;anese

6.66E-01

8.61E-0]

7.36E-0]

1 .24E+00

I.24E+00

1.71E-OI

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6.66E-04

8.61E-04

7.36E-04

1.24E-03

1 .24E-03

1 7IE-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.IOE-02

2.20E-02

8.92E-03

5.30E-03

7.30E-03

1 OOE-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

2.95E-07

4.00E-07

1.39E-07

1.92E-07

1 92E-07

3.61 E-06

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

5 67E-02

200E-01

3 05E-02

9 10E-02

1 50E+00

1 50E+00

Total

Benzene

Carbon retractile ride

Chloroform

1,2-Dichloroethiine

Viny Chloride

v!an$;ane.se

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1 .24E+00

1.71E-OI

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

I.24E-03

1.7IE-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

3.70E-05

3.03E-05

2.59E-05

9.51 E-05

4.37E-05

6.01 E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2 70E-02

5.30E-02

8 10E-0."!

9.10E-02

3.00E-02

3.00E-02

Cancer Slope
r actor Units

mg/kg-day

mg/kg-day

mg/kg-day

ing/kg-day

mg/kg-day

mg/kg-day

Cancer Risk

7.98E-05

4.35E-05

4 84E-04 I

1 95E-04

5.84E-06

8.03E-04

1.61 E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

520E-06

2.00E-06

4.54E-06

2. 11 E-06

1 28E-07

241E-06

1.64E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-bay

mg/lcg-day

1.37E-03

5. 71 E-04

3.20E-04

1 .C4E-03

1.46E-03

2.COE-01

Total 2.05E-01

Total Cancer Risk Across All Exposure Routes/Pathways | 2.07E-OI



Scenario Timeframe: Current Future
Medium: Groundwater
Exposure Medium: Groundwater
Exposure Point: Ingesticn, Denial, Inhalaticn
Receptor Population: Resident

Table A3-4a
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

ngestion

(chi ld)

Dermal

(child)

Inha la t ion

(child)

Chemical

Benzene

Carbon letrachk ride

Chlo 'Otorm

l,2-D]chloroeth;me

Vinyl Chloride

Manganese

Medium EPC
Value

(Mean)

1.52E+00

2.64E+01

4.27E+00

8.10E+OI

1.63E+00

3.06E-01

Medium E;PC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

Route EPC Value
(CM)

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1 63E-03

3.06E-OI

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

...

-

-
...

-

Cancer Intake

(CD!)

1.25E-05

2.17E-04

3.5IE-05

6.65E-04

1.34E-05

2.52E-03

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

5 50E-02

1 30E-01

1 OOE-0?.

9 IOE-02

I.40E+00

1.40E+00

Total

Benzene

Carbon tetrachkrice

Chloroform

1,2-Dichloroeth.ine

Vinyl Chloride

Manganese

1.52E+00

2.64E+01

4.27E+00

8.10E+OI

I.63E+00

3.06E-01

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

I.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

3.06E-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

7.30E-03

l.OOE-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

I.31E-06

2.39E-05

1 .56E-06

1.76E-05

4.90E-07

I.26E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

5.67E-02

2.00E-01

3.05E-02

9.10E-02

1 50E+00

1 50E+00

Total

Benzene

Carbon tetrachlcritle

Chlo'oform

,2-Dichloroeth;ine

Vinyl Chloride

^anjjanese

I.52E+00

2.64E+01

4.27E+00

8.IOEH11

1 .63EH10

3.06E-OI

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

1.52E-03

2.54E-02

4 27E-03

8.10E-02

1 .63E-03

3 06E-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

3.62E-05

6.29E-04

1 .02E-04

I.93E-03

3.89E-05

7.28E-03

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2.70E-02

5.30E-02

8.10E-02

9.10E-02

3.00E-02

3.00E-0:

Cancer Slope
Factor Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Risk

2.27E-04

1.67E-03

3.51E-03

7.31E-03

".60E-06

l.WE-03

1 -15E-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2.: 1 E-05

'..19E-04

5 13 E-05

! 'J3E-04

3.::6E-07
8.:;7E-06
3 %E-04

mg/kg-day

mg.'kg-day

mg/kg-day

mg/kg-day

mg/kg-day

•mg.'kg-day

I :;4E-03
1. 9E-02

i.::6E-03
2 2E-02

i .:;oE-03
2.43E-01

Total 2 liOE-01

Total Cancer Risk Across All Exposure Routes/Pathways | 2.'>5E-01



Scenario Timeframe: Current I'm are
Medium Groundwuter
Exposure Medium: Groundwaier
Exposui'e Point: lng;estion, Dei me I. Inhalatk n
Receptoi Population: Resident

Table A3-4a
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

[ngt-stion

adul t )

Dermal

'adult)

Inhalation

[adult )

Chemical

Benzene

Carbon tetrachlnice

Chlo-otorm

1,2-Dichloroelh.mt

V i n y l Chloride

Manganese

Medium EPC
Value

(Mean)

L52E+00

2 64E+OI

4.27E-KJO

8.IOE+OI

1.63E-KIO

3.06E-OI

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

Route EPC Value
(CM)

1.52E-03

2.64E-02

4.27E-03

8 IOE-02

I 63E-03

3.06E-01

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

-

...

...

...

Cancer Intake

(CDI)

I.7IE-05

2.98E-04

4.82E-05

9.I3E-04

1.84E-05

3.45E-03

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

5.50E-02

1.30E-OI

I .OOE-02

9 I OE-02

I 40E+OCI

I 40E+00

Tola]

Benzene

Carbon tetrachlc nee

Chlorofoim

1,2-Dichloroeth.me

Vinyl Chloride

Manganese

1.52E+00

2.64E+OI

4.27E-KX)

8.10E+0]

I.63E+00

3.06E-OI

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1 .63E-03

3.06E-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2 IOE-02

2.20E-02

8.92E-03

5.30E-03

7.30E-03

I .OOE-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

I.9IE-06

3.48E-05

2.28E-06

2.57E-05

7.14E-07

1.83E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

5.67E-02

2.00E-OI

3 05E-02

9 IOE-02

I 50E+00

I 50E+00

Total

Benzene

Carbon tetrachlc ride

Chloroform

l,2-Dichloroeth;me

Viny Chloride

vlanganese

I 52E+00

2.64E+OI

4.27E+00

8.IOE+01

1 .63E+00

3.06E-OI

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L

I.52E-03

2.64E-02

4 27E-03

8. IOE-02

1.63E-03

3.06E-01

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

...

...

...

...

5.35E-05

9.30E-04

1.50E-04

2.85E-03

5.75E-05

1.08E-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2.70E-02

5.30E-0:!

8. IOE-02

9. IOE-02

3 OOE-0.:

3.00E-02

C'ancer Slope
Factor Units

mg/kg-day

mg/kg-cay

mg/kg-cay

mg/kg-cay

mg/kg-day

mg/kg-day

Can;er Risk

3.12E-04

:.::9E-03
4 i:2E-03

1 .OOE-02

1 ..'.2E-05

2 46E-03

1 ."9E-02

mg/kg-day

mg/kg-day

mg/lcg-day

mg/kg-day

mg/kg-day

mg/kg-clay

3 :.7E-05

1 .V4E-04

T ABE-OS

2.S12E-04

4.76E-07

] .22E-05

5.V7E-04

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-clay

1 "8E-03

) V5E-02

: i;6E-03
.U3E-02

1 .92E-03

3.;;9E-01

Total 4 . I3E-01

Total Cancer Risk Across All Exposure Routes/Pathways | 4 -.4E-01



Scenario Time "rame: Curreit l-'uture
Medium Groundwaler
Exposure Mediu TV Cjround-va:ei
Exposure Point Ingestion, Dei rial, Inhal ition
Receptor Popu anon Resident
Receptor Age Children am: Adu l t s

Exposure Route

Ingestion

( c h i l d )

Dermal

( c h i l d )

Inha la t ion

(Chi ld )

Chemical

Chloroform

1 2-Dicliloro;thane

V i n y l Chlor i ie

Total

Chloroform

1 ,2-DiChloroethane

Vinyl Chloride

Total

Chloroform

1 ,2-Dichloroethane

V iny l Chlor ide

Table A3-4b
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Medium F.PC

Value
(Mean)

5.39E-OI

7.17E-01

1.27E-KX)

5.39E-OI

7 I7E-01

1 27E+00

5.39E-OI

7 17E-OI

I.27E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

5.39E-04

7.17E-04

1 27E-03

5J9E-04

7.17E-04

1 27E-03

5.39E-04

7.17E-04

1.27E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

8.92E-03

5 30E-03

7 30E-03

NA

NA

NA

PC Units

-

-

—

cm/hr

cm/hr

cm/hr

-

-

Cancer Intake

(CD1)

2.57E-06

3.42E-06

6.04E-06

5 74E-08

4.54E-08

1.IOE-07

1.28E-05

1.7 IE-OS

3.02E-05

CD1 Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

l.OOE-02

9.10E-02

1.40E+00

3.05E-02

9 IOE-02

I 50E+00

8. IOE-02

9 IOE-02

3.00E-02

Cancer Slope
Factor Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

ng/kg-day

rhg/kg-day

Mg/kg-day

Cancer Risk

2.57E-04

3.7(,E-05

4 3 1 E-06

2 99E-04

I.88E-06

4.99E-07

7 36E-08

245E-06

1 59E-04

I.8SE-04

1 O I E - 0 3

Total 1 35E;-03

Total Cancer Risk Across All Exposure Routes/Pathways | 1 65E-03

Scenario Timeframe Current Future
Medium Groundwater
Exposure Medium Grouru'wiiter
Exposure Point Ingesuon. Dermal. Inha alien
Rect:ptor Population Resident
Receptor Age Children and Adults

Table A3-4b
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

ngestion

(adu l t )

Dermal

(adult)

Inhalation

( a d u l l )

Chemical

Chloroform

] ,2-Dichlor<ietli;uie

Viny i Chlor de

Total

Chloroform

,2-CJichloDel lane

V i n y l C h l o i i d t

Total

Chloroform

1,2-Dichlonethane

V i n y l Chlo i idc

Medium EPC
Value

(Mean)

5.39E-01

7 17E-OI

1 27E+00

5 39E-01

7 I7E-0!

I .27E^OO

5.39E-01

7.17E-OI

I.27E+00

Medium EPC
Units

ugl-

ug'L

ug'L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

5.39E-04

7.17E-04

1.27E-03

5 39E-04

7. ! 7E-04

I.27E-03

5.39E-04

7.17E-04

I.27E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

892E-03

5.30E-03

7.30E-03

NA

NA

NA

PC Units

—

-

cm/hr

cm/hr

cm/hr

—

—
...

Cancer Intake

(CDI)

3.54E-06

4.72E-06

8 3 3 E-06

1 .02E-07

8.04E-08

1.95E-07

1 90E-05

2 53E-05

4.46E-05

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

1 OOE-02

9 IOE-02

1 40E+00

3 05E-OJ

9 IOE-02

1.50E+00

8 lOE-O:

9 lOE-O:

3 OOE-O::

Cancer Slope
Factor Units

mg/kg-day

mg/kg-cUiy

mg/kg-day

mg/kg-day

mg/kg-djiy

mg/kg-day

rng/kg-dtiy

mg/kg-day

•Tig/kg-day

Cancer Risk

3 54E-04

5 I8F.-05

5 95E-06

4.I2E-04

3 33I-:-06

8 83E-07

1.30F.-07

4 34E-06

2 34l-:-04

2.78H-04

l.49l;-03

Total 2.0011-03

Total Cancer Risk Across All Exposure RoutesTathways | 2 42!£-03



Scenario Timeframe Current Future
Medium Grourdwater
Exposure Medium Groundwatcr
Exposure Poml Ingeslion, -)e'inal, I n h a l n i o n
Receptor Popu ation Residenl
Receptor Age Children and Adults

Exposure Route

ngestton

( c h i l d ]

Dermal

( c h i l d i

Inha la t ion

C C h i l d :

Chemical

Chloroform

l.2-Dichloro;thane

V i n y l Ch lor i l e

Table A3-4b
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Medium EPC

Value
(Mean)

625E-OI

1 55E+00

1.5IE+00

Medium EPC
Units

ug/L

ug/L

ug/L

Route EPC Value
(CM)

6.25E-04

1.55E-03

1.51E-03

Route EPC Units

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

PC Units

...

-

Cancer Intake

(CDI)

5 14 E-06

I.27E-05

1.24E-05

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

l.OOE-02

9 IOE-02

1 40E+00

Cincer Slope
plctor Units

mg/kg-day

mg/kg-day

mg/kg-day

Tatal

Chloroform

],2-Dichloro:thane

V i n y l Chlor ide

625E-OI

1 55E+00

I.51E+00

ug/L

ug/L

ug/L

6 25E-04

1.55E-03

1.51E-03

mg/L

mg/L

mg/L

8.92E-03

5.30E-03

7.30E-03

cm/hr

cm/hr

cm/hr

2.29E-07

3.38E-07

4.52E-07

mg/kg-day

mg/kg-day

mg/kg-day

3 05E-02

9. IOE-02

1.50E+00

Cancer Risk

5 I4E-04

1.40E-04

885E-06

6 63E-04

nlig/kg-day

rag/kg-day

rag/kg-day

TMal

Chloroform

1,1,2-Tnchlorottham-

V i n y l Chlor ide

625E-OI

5.00E-OI

1 51E+00

ug/L

ug/L

ug/L

6.25E-04

5.00E-04

I.51E-03

mg/L

mg/L

mg/L

NA

NA

NA

...

...

...

1 .49E-05

3.70E-05

3.59E-05

mg/kg-day

mg/kg-day

mg/kg-day

8. IOE-02

9 IOE-02

3 OOE-02

n

n
n

Total

Total Cancer Risk Across All Exposure Routes/Pathways

7. 51 E-06

3 7 1 E-06

3.02E-07

1. I5E-05

g/kg-day

g/kg-day

g/kg-day

1.84E-04

4.06E-04

I.20E-03

I.7PE-03

2 46E-03

Scenario Timefriime Curre it Future
Medium. Groundwater
Exposure Medium Ciround .wer
Exposure Point Ingeslion, Deimal , Inhal ition
Receptor Popu anon R e s i d e n t
Receptor Age Children anc A jults

Exposure Route

ngeslion

fadu lb

Dermal

. a d u l t )

Inhalation

radult j

Ciemical

Chloroform

1,2-Dichloroi ' lhuie

Viny l Chloride

Total

Chloroform

1,2-Dichlorofth.ine

Viny l Chlor ide

Total

Chloroform

l,2-Dichloroi:th.me

V i n y l Chloride

Table A3-4b
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Medium EPC

Value
(Mean)

6.25E-OI

1 55E-KJO

1 51E+00

6.25E-OI

1 55E+00

1 51E+00

6.25E-01

1 55E+00

1 5IE+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Valui
(CM)

6.25E-04

1 55E-03

I.5IE-03

6.25E-04

I.55E-03

1.51E-03

6.25E-04

I.55E-03

I.51E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

8.92E-03

5.30E-03

7.30E-03

NA

NA

NA

PC Units

...

...

cm/hr

cm/hr

cm/hr

...

Cancer Intake

(CDI)

7 04E-06

I.75E-05

1 70E-05

3.34E-07

4.93E-07

6.60E-07

2 20E-05

5.46E-05

531E-OS

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF]

l.OOE-02

9. IOE-02

1 .40E+00

3.05E-02

9. IOE-02

1.50E+00

8. IOE-02

9. IOE-02

3 OOE-02

Caicer Slope
Factor Uni ts

mg/kg-day

mg/kg-day

miv'kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-da>

mg/kg-day

mg/kg-day

Cancer Risk

7.04E-04

I.92E.04

1 21E-05

9.09E-04

1.10E-05

5.41 E-06

4.40E-07

I.68E-05

2.72E-04

6.00E-04

1.77E-03

2.64E-03

Total Cancer Risk Across All Exposure Routes/Pathways | 3.57E 03



Scenario Timefram*;: Current :uiure
Medium. Groundwater
Exposure Medium: Groundwater
Exposure Point In|jestion, Denial, Inhalation
Receptor Population Resident

Table A3-4c
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
On-Site Area

Four County Landfill, Fulton County, Indiana
Exposure Route

ngestion

(child)

Dermal

(child)

Inhalation

(child)

Chemical

Ben;.ene

Carbon tttrachlunde

Chlorofomi

1,2-Dichloroethim1

l,!,2-Trichlorotth;inc

Vinyl Chloride

Tola

Benzene

Carbon tetrachlcrule

Chlorofomi

1,2-Dichloroeth me

1 , 1 ,2-Tnchloroethcr.e

Vinyl Chloride

Total

Benzene

Carbon tetrachlcriije

Chlo 'oform

l,2-Dichloroeth;inc

1,1.2-Trichloroediyne

V i n y l Chloride

Medium EPC
Value

5 36E-01

5 74E-01

645E-01

1.31E+01

575E-OI

2.6IE+00

536E-01

574E-01

6.45E-01

I . 3 I E + 0 1

5.75E-01

2.61E+00

5.36E-OI

5.74E-01

6.45E-01

1.31E+01

5.75E-OI

2.61 E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

5.36E-04

5.74E-04

6.45E-04

1.31E-02

5.75E-04

2.61 E-03

5.36E-04

5.74E-04

6.45E-04

1 .3 1 E-02

5.75E-04

2.61 E-03

5.36E-04

5.74E-04

6.4SE-04

1.31 E-02

5.75E-04

2.61 E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

NA

NA

NA

NA

NA

NA

2.IOE-02

2.20E-02

8.92E-03

5.30E-03

6.43E-03

7.30E-03

NA

NA

NA

NA

NA

NA

PC Units

...

...

...

...

...

...

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

...

...

...

...

...

Cancer Intake

(CDI)

3.17E-06

4.10E-06

3.51 E-06

1.29E-05

9.25E-04

8.15E-04

6.77E-07

3.27E-07

2.07E-05

1.08E-05

O.OOE+00

5.80E-08

4.08E-03

1.38E-04

O.QOE+00

O.OOE+00

O.OOE+00

O.OOE+00

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

5.50E-02

1.30E-01

l.OOE-02

9.IOE-02

5.70E-02

1.40E+00

5.67E-02

2.00E-OI

3.05E-02

9.IOE-02

...

1.50E+00

2.70E-02

5.30E-02

8.10E-02

9.IOE-02

5.60E-02

3.00E-02

Cancer Slope
Factor Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

C ancer Risk

5.77E-05

3.16E-05

3.51E-04

1.42E-04

1.52E-02

5.32E-04

1.74E-02

1.19E-05

1.33E-06

6.77E-04

1.I9E-04

—

3.87E-08

8.10E-04

1.51E-01

2.61 E-03

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

Total ! . :>4E-OI

Total Cancer Risk Across All Exposure Routes/Pathways I ''2E-OI



Scenario Timeframc Current l;u(ure
Medium: Gronndwater
Exposure Medium: Groundwa er
Exposure Point: In^estion. Deimal, Inhalation
Receptor Population Resident

Table A3-4c
Cancer R.isks for Residential Exposure to Groundwater - Direct Exposure

Central Tendency
On-Site Area

Four County Landfill, Fulton County, Indiana
Exposure Route

Ingestion

(adult)

Dermal

(adult;

Inhalation

(adult)

Chemical

Benzene

Carbon tetrachltiridt

Chloroform

1,2-Dichloroethint

1,1,2-Trichlorotthcine

Vinyl Chloride

Tota

Ben2ene

Carbon tetrachltiride

Chloroform

l,2-[)ich!oroeth int

1,1,2-Trichlorof thine

V i n y l Chloride

Tota

Benzene

Carbon tetrachlcrke

Chlo'ofoini

,2-Dichloroeth:ine

,1.2-Tnchloroe'hane

V i n y l Chloride

Medium EPC
Value

(Mean)

5 36E-OI

5.74E-01

6.45E-01

1 31E+OI

5.75E-OI

2.61E+00

5.36E-01

5.74E-OI

645E-OI

1 . 3 I E + O I

5.75E-01

261EKIO

5.36E-01

5.74E-OI

6.45E-01

1.31E+01

5.75E-OI

2.61 E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

5.36E-04

5.74E-04

645E-04

1 31E-02

5.75E-04

2.61E-03

5.36E-04

5.74E-04

6.45E-04

1.31E-02

5.75E-04

2.61 E-03

5.36E-04

5.74E-04

6.45E-04

1 31E-02

5 75E-04

2.61 E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

2.10E-02

2.20E-02

8.92E-03

5.30E-03

6.43 E-03

7.30E-03

NA

NA

NA

NA

NA

NA

PC Units

....

...

...

...

...

...

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

...

...

...

...

...

...

Cancer Intake

(CDI)

2.16E-05

3.54E-05

4.49E-05

4.43E-03

2.01 E-04

O.OOE+00

2.42E-06

4.14E-06

2.13E-06

1.25E-04

7.80E-06

O.OOE+00

6.76E-05

1.11 E-04

1 .40E-04

1.38E-02

6.28E-04

O.OOE+00

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

5.50E-02

I.30E-OI

] OOE-02

9. lOE-02

5.70E-02

1 .4C^ 00

5.67E-02

2.00E-01

3.05E-02

9. 1 OE-02

...

1.50E+00

2.70E-02

5.30E-02

8. 1 OE-02

9. 1 OE-02

5.60E-02

3 OOE-02

Cancer Slope
Factor Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Career Risk

3.93E-04

2.72E-04

4.49E-03

4.H6E-02

3.53E-03

O.CIOE+00

5 ''3E-02

4.:?6E-05

2.07E-05

6.H9E-05

1 .37E-03

—

O.OOE+00

1 .!>OE-03

2.JSOE-03

2.09E-03

1.73E-03

1 .!i2E-01

1.12E-02

O.OOE+00

Total l . ' JOE-Ol

Total Cancer Risk Across All Exposure Routes/Pathways 1 228E-01



Scenario Timeframc: Current I ;uture
Medium Ground water

Exposure Medium: Groundwa er

Exposure Point: Injjestion. Dennal, Inhalation

Receptor Population. Resident

Table A3-4c
Cancer P.isks for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
On-Site Area

Four County Landfill, Fulton County, Indiana
Exposure Route

ngestion

(child)

Dermal

(ch i ld )

Inhalat ion

(child)

Chemical

Bemiene

Carbon tetrachlnrule

Chloroform

1,2-Dichloroeth jnf

1,1,2-TrichIoroarLinc

Vinyl Chloride

Medium EPC

Value

(Mean)

658E-01

1.08E+00

1.37E+00

1.35E+02

779E-01

6.12E+00

Medium EPC

Units

ug/L

ug/L

Ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

6.58E-04

1.08E-03

1.37E-03

1.35E-OI

7.79E-04

6.12E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability

Constant

(PC)

NA

NA

NA

NA

NA

NA

PC Units

...

...

—
...

—

Cancer Intake

(GDI)

5.86E-04

O.OOE+00

O.OOE+00

O.OOE+00

I.03E-05

1 10E-05

CD1 Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope

Factor (3F)

5.50E-02

I.30E-01

1 .OOE-02

9.10E-92

5.70E-02

I.40E+00

Cancer Slope

Factor Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Risk

1.07E-02

O.OOE+00

O.OOE+00

0 OOE»00

1 30E-04

7.37E-06

Total I.09E-02

Benzene

Carbon tetiachlnriile

Chlorofomi

1,2-Dichloroethmt

1,1,2-Trichloroilh.uie

Vinyl Chloride

658E-OI

I.08E+00

I.37E+00

I.35E+02

7 79E-01

6.12E+00

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

6 58E-04

1 08E-03

1 37E-03

1.35E-01

7 79E-04

6.I2E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

2.10E-02

2.20E-02

8.92E-03

5.30E-03

6.43 E-03

7.30E-03

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

2.14E-05

O.OOE+00

O.OOE+00

O.OOE+00

6.93E-07

7.79E-07

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

5.67E-02

2.00E-OI

3.05E-02

9.10E-02

I.50E+00

mg/kg-day

mg/kg-day

mg/Vg-day

mgAg-day

mg/kg-day

mg/kg-day

3.78E-04

0 OOE-00

0 OOE^OO

0 OOE-00

—

5 I9E-07

Total 3 78E-04

Benzene

Carbon tetrachloriile

Chloroform

1,2-Dichloroeth me

1,1,2-Trichloroi thane

Vinyl Chloride

6.58E-OI

I.08E+00

1.37E+00

I.35E+02

7.79E-01

6.I2E+00

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

6.58E-04

I.08E-03

1 .37E-03

I.35E-01

7.79E-04

6.I2E-03

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

NA

NA

NA

NA

NA

NA

...

...

—
...

...

I.70E-03

O.OOE+00

O.OOE+00

O.OOE+00

5.50E-05

5.90E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

2.70E-02

5.30E-02

8.IOE-02

9.10E-02

5.60E-02

3.00E-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/Tig-day

mg/kg-day

6. 50E-02

0 OOE-00

0 OOE-00

O.OOE-00

9.J3E-04

1 . 57E-03

Tola 6.59E-02

Total Cancer Risk Across All Exposure Routes/Pathways | 7. 72E-02



Scenario Timet'ramc Current I 'ut jre
Medium: Groundw.iter
Exposure Medium: Groundwaier
Exposure Point In^estion, Deirml. Inhalatu n
Receptor Population Resident

Table A3-4c
Cancer Risks for Residential Exposure to Groundwater - Direct Exposure

Reasonable Maximum Exposure
On-Site Area

Four County Landfill, Fulton County, Indiana
exposure Route

Ingcstion

(adult)

Dermal

(adult)

Inhalation

(adult)

Chenical

Benzene

CarbDn letrachlork e

Chlorofonn

1,2-Dichloroethine

1,1,2-Tnchloroethcjie

Vinyl Chloride

Total

Benzene

Carbon tetrachli rice

Chlorofomi

1.2-E>ichloruethmc

l,1.2-Tni:hloroetlnne

Vinyl Chloride

Total

Benzene

7arb}n tetrachloiKe

Chlorofomi

,2-Dichloroeth ine

1,1 ,2-Tricriloroethone

Vinyl Chloride

Medium EPC
Value

(Mean)

6.58E-01

1.08E+00

I.37E+00

I.35E+02

7.79E-01

6.I2E+00

6.58E-OI

1 08E+00

I.37E+00

I.35E+02

7.79E-OI

6.12E+00

658E-0]

I.08E+00

I.37E+00

I.35E+02

7.79E-OI

6.12E+00

Medium EPC
Units

ug/L

ug/L

Ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC Value
(CM)

6.58E-04

1 .08E-03

1.37E-03

I.35E-OI

7.79E-04

6.12E-03

6.58E-04

I.08E-03

I.37E-03

I.35E-01

7.79E-04

6.I2E-03

6.58E-04

1.08E-03

1.37E-03

1.35E-01

7.79E-04

6.12E-03

Route EPC Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Permeability
Constant

(PC)

NA

NA

NA

NA

NA

NA

2.10E-02

2.20E-02

8.92E-03

5.30E-03

643E-03

7 30E-03

NA

NA

NA

NA

NA

NA

PC Units

...

...

...

...

...

...

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

cm/hr

...

...

...

...

...

...

Cancer Intake

(CDI)

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

0 OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor (SF)

5.50E-02

1.30E-01

l.OOE-02

9.IOE-02

5.70E-02

I.40E-IOO

5.67E-02

2.00E-OI

3.05E-02

9.10E-02

...

I.50E+00

2.70E-02

5.30E-02

8.10E-02

9.10E-02

5 60E-02

3.00E-02

Cancer Slope
Factor Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Career Risk

O.OOE+00

O.OOE+00

O.OOE-00

O.OOE-00

0 OOE-00

O.OOE-00

O.OOE-00

0 OOE-00

0 OOE-00

O.OOE-00

O.OOE-00

...

O.OOE-00

0 OOE-00

0 OOE-00

O.OOE-00

0 OOE+00

0 OOE-00

O.OOE-00

0 OOE-00

Total O.OOE-HK

Total Cancer Risk Across All Exposure Routes/Pathways 1 O.OOE+Ol



Scenario Time frame: Current , Future T HI A^ ^
Medium: Groundwater - Irigation Jse
Exposure Medium: Fni t« , Meat, M i l k Non Cancer Hazards for Residential Exposure to Groundwater - Food Consumption
Exposure Point: Ingest.o,, Centra, Tendency

Receptor Population: F.esident J

Receptor Age: cinidre i <<nd Adults North Downgradient Area
Four County Landfill, Fulton County, Indiana

Exposure Route

-ruits & Vegetables

(child)

Beef

(child)

Milk

(child)

Chemical

Benzene

Carbon tetiachloride

Chloroform

1.2-Dichloioelhane

V nvl Chloride

Medium EPC
Value

(Mean)

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1.24E+00

Medium EPC
Units

ug/L
ug/L

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

6.66E-04

8.61E-04

7.36E-04

2.70E-03

1.24E-03

Route EPC
Ik Unit*

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer Factoi

...

...

...

...

...

Non-Cancer
Intake
(CDI)

7.94E-06

6.75E-06

9.48E-06

5.44E-05

2.79E-05

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference
Dose

(RFD)

4.00E-03

7.00E-04

l.OOE-02

2.00E-02

3.00E-03

R
Di

iference
se Units

mg/kg-day

mg/kg-day

m

m

j/kg-day

j/kg-day

mg/kg-day

Total

Bi;nzene

Carbon tetiachloride

Chloroform

1,2-Dichlo oethane

Viny l Chloride

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1.24E+00

ug/L

ug/L

ug/L

ug/L

ug/L

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

I.24E-03

mg/L

mg/L

mg/L

mg/L

mg/L

3.10E-06

1 .60E-05

2.50E-06

7.90E-07

6.30E-07

9.02E-11

6.02E-10

8.04E-11

9.32E-11

3.41E-11

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

1 .OOE-02

2.00E-02

3.00E-03

Hazard Index
(HI)

1.99EI-03

9.64EI-03

<).48E:.-04

2.72E-03

<).30E:-03

;>.46E:-02

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Total

Benzene

Carbon tetiachloride

Chloroform

1,2-Dichlo -oethane

Vmvl Chic ride

6.66E-01

8.61 E-01

7.36E-01

2.70E+00

1.24E+00

ug/L

ug/L

ug/L

ug/L

ug/L

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

1.24E-03

mg/L

mg/L
mg/L

mg/L

mg/L

9.90E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

2.38E-09

1.55E-08

2.10E-09

2.44E-09

8.96E-10

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

l.OOE-02

2.00E-02

3.00E-03

;>.26E:-08

».60E;-07

8.04E-09

4.66E-09

I.14E--08

9.07E-07

mg/kg-day

mg/kg-day

mg/kg-daiy

mg/kg-daiy

mg/kg-day

Total

Total Hazard Index Across All Exposure Routes/Pathways

I5.95E-07

I!.21E;-05

;MOE:-07
1.22E-07

;!.99E-07

;>.34E:-05

1 2.46E.-02



Scenario Tim;fratne: Current.
Future
Medium: Groundwalei
Exposure Medium1 Fruits, Beef,
Milk
Exposure Point: Ingestion
Receptor Population: Resident
Receptor Age: Children and Adul ls

Table A3-5a
Non Cancer Hazards for Residential Exposure to Groundwater - Food Consumption

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana

Exposure Route

Fruits & Vegetables

(adul t )

Beef

(adult)

Milk

(adult)

Chemical

Benzene

Carbon tetrjchloride

Ctiloroforn

1,2-Dichloioethane

Vinyl Chlo'ide

Medium EPC
Value

(Mean)

6.66E-01

8.61E-01

7.36E-OI

2.70E+00

1 .24E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

6.66E-04

8.6IE-04

7.36E-04

2.70E-03

1.24E-03

Route EPC
Units

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer Factor

...

...

...

...

...

Non -Cancer
Intake

(CDI)

5.72E-06

4.86E-06

6.83E-06

3.92E-05

2.01 E-05

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference
Dose

(RFD)

4.00E-03

7.00E-04

I.OOE-02

2.00E-02

3.00E-03

R
.D.

•fertnce
se Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Total

Benzene

Carbon tetrichloride

Criloroforrr

l,:'.-Dichloioethane

Viny l Chlo'ide

666E-01

8.61E-01

7.36E-01

2.70E+00

1.24E+00

ug/L

ug/L

ug/L

ug/L

ug/L

6.66E-04

8.61E-04

7.36E-04

2.70E-03

1 .24E-03

mg/L

mg/L

mg/L

mg/L

mg/L

3.10E-06

1 .60E-05

2.50E-06

7.90E-07

6.30E-07

2.07E-10

1.38E-09

1.84E-10

2.14E-10

7.83E-11

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

1 .OOE-02

2.00E-02

3.00E-03

Hazard Indei
(HD

1.43E:-03

f!.94E:-03

6.83E-04

1.96E-03

6.70E-03

• .77E:-02

mg/kg-day

mg/kg-day

mg/kg-day

m

m

Total

Benzene

C;.rbon tetrichloride

Cliloroforrr

1,2-Dichloioethane

Vinyl Chlo'ide

6.66E-01

8.61E-OI

7.36E-01

2.70E+00

1.24E+00

ug/L

ug/L

ug/L

ug/L

ug/L

6.66E-04

8.61E-04

7.36E-04

2.70E-03

1.24E-03

mg/L

mg/L

mg/L

mg/L

mg/L

9.90E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

2.20E-10

1.44E-09

1.94E-10

2.25E-10

8.28E-11

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

I.OOE-02

2. OOE-02

3.00E-03

;/kg-day

g/kg-day

8.18E-08

1.97E-06

1 .84E.-08

• .07E.-08

2.61E-08

2.08E-06

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg'kg-day

Total

6. 50 E -08

2.06E-06

1.94E-08

1.13E-08

2.76E-08

2.17E-06

Total Hazard Index Across All Exposure Routes/Pathways 1.77E-02



Scenario Timoframe: Current. Future
Medium: Groundwater Table A3-53

Exposure Medium: Fnuis, Beef, ]sjon Cancer Hazards for Residential Exposure to Groundwater - Food Consumption

ExpLre Point: ingest™ Reasonable Maximum Exposure
Receptor Population: F.esident North Downgradient Area
Receptor Age: Children E.nd Adul ts ~ .-, , T < r - t i ^ ,, /-, , T ••Four County Landfill, Fulton County, Indiana

Exposure Route

Fruits & Vegetables

(child)

Beef

(child)

M i l k

(ch i ld )

Chemical '•

Benzene

Cirbon tetiachloride

Chloroform

1.2-Dichlo oethane

V i n y l Chlcride

Medium EPC
Value

(Mean)

1.52E+00

2.64E+01

4.27E-KJO

8.10E+01

1.63E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

Route EPC
Units

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer Factor

...

...

...

...

...

Non-Cancer

Intake

(CDI)

1.81E-05

2.07E-04

5.50E-05

1.63E-03

3.67E-05

GDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

-Reference

Dose

(RFD)

4.00E-03

7.00E-04

I.OOE-02

2.00E-02

3.00E-03

R
D

m

rr

m

:ference

>se Units

e/kg-day

g/kg-day

g/kg-day

mg/kg-day

mg/kg-day

Total

B;nzene

Carbon tetiachloride

Cnlorofom

1,2-Dichlo -oethane

Vinyl Chic ride

1.52E+00

2.64E+01

4.27E+00

8.10E+01

1.63E+00

ug/L

ug/L

ug/L

ug/L

ug/L

I.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

mg/L

mg/L

mg/L

mg/L

mg/L

3.10E-06

1 .60E-05

2.50E-06

7.90E-07

6.30E-07

2.06E-10

1.85E-08

467E-10

2.80E-09

4.49E-11

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

1 .OOE-02

2.00E-02

3.00E-03

Hazard Index
; (HO

4.53F.-03

2.96E-01

5.50E-03

8.15E-02

1.22K-02

3.99E-01

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

ntg/kg-day

Total

Benzene

Carbon let 'acliloride

Chloroforri

1 2-Dichlcroethane

Vinyl Chloride

1.52E+00

2.64E+01

4.27E+00

8.10E+01

1.63E+00

ug/L

ug/L

ug/L

ug/L

ug/L

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

mg/L

mg/L

mg/L

mg/L

mg/L

9.90E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

5.43E-09

4.77E-07

1.22E-08

7.31E-08

1.18E-09

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

1 .OOE-02

2.00E-02

3.00Er.-03

5.15Ii-08

2.641--05

4.671-:-OX

1. 401--07

1.50E-08

2.671E-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Total

Total Hazard Index Across All Exposure Routes/Pathways

1.36E-06

6.81E-04

1.221--06

3.661--06

3.93E-07

6.881--04

| 4.0011-01



Scenario Timi.'frami:: Current.
Future
Medium: Groundwatet
Exposure Medium: Fruits, Beef,
M i l k
Exposure Point: Ingestion
Receptor Pop jlation: Resident
Receptor Age: Childrei tnd Adu l t s

Exposure Route

Fruits & Vegetables

adult)

Beef

(adu l t )

M i l k

(adult)

Table A3-5a
Non Cancer Hazards for Residential Exposure to Groundwater - Food Consumption

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana

Chemical

Benzene

Carbon tettachloride

Chloroform

1.2-Dichlo oethane

V nyl Chloride

Medium EPC
Value

(Mean)

1.52E+00

2.64E+01

4.27E+00

8.IOE+01

1 .63E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

1.52E-03

2.64E-02

4.27E-03

8.IOE-02

1.63E-03

Route EPC
Units

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer Factoi

...

...

...

...

...

Non-Cancer
Intake

(CDI)

1.3 IE-OS

1 .49E-04

3.96E-05

1.18E-03

2.64E-05

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference
Dose

(RFD)

4.00E-03

7.00E-04

l.OOE-02

2.00E-02

3.00E-03

R
D

iference
se Units

mg/kg-day

mg/kg-day

mg/kg-day

mjg/kg-day

mg/kg-day

Total

Benzene

Cirbon tetiachlonde

Cilorofomi

1.2-Dichlo'oethane

V i n y l Chic ride

1.52E+00

2.64E+OI

4.27E+00

8.IOE+01

1.63E+00

ug/L

ug/L

ug/L

ug/L

ug/L

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

mg/L

mg/L

mg/L

mg/L

mg/L

3.10E-06

1.60E-05

2.50E-06

7.90E-07

6.30E-07

4.72E-10

4.23E-08

1.07E-09

6.41E-09

1.03E-10

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

l.OOE-02

2.00E-02

3.00E-03

Hazard Index
(HI)

3.28E:-03

2.13F.-01

3.96E:-03

5.90E;-02

8.80E-03

2.88E-01

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day
mg/kg-day

Total

3enzene

Carbon let achloride

Chlorofom

1.2-Dichloroethane

Vinyl Chic ride

1.52E+00

2.64E+01

4.27E+00

8.10E+01

I.63E+00

ug/L

ug/L

ug/L

ug/L

ug/L

1.52E-03

2.64E-02

4.27E-03

8.10E-02

I.63E-03

mg/L

mg/L

mg/L

mg/L

mg/L

9.90E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

5.03E-IO

4.41E-08

1.13E-09

6.76E-09

1.09E-10

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

4.00E-03

7.00E-04

l.OOE-02

2.00E-02

3.00E-03

1.18E;-07

6.04F-05

1.07E-07

3.21H-07

3.43Ii-08

6.10F.-05

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Total

Total Hazard Index Across All Exposure Routes/Pathways

1 .26i;-07

6.30F.-05

I.13E-07

3.3SE-07

3.63F.-08

6.36F.-05

1 2.88F.-01



Set njno Timcframe: Current,
Ful-irc
Meimm. Groundwater
Exposure Medium. Fruits. Beef,
M i l
Ex] icsure Point Ingestion
Re< cplcr Population: Resident
Re< eptcr Age: Children and Adults

Expaure Route

: mil< & Vegetables

(chil 1)

Beel

(chil Ij

Mill

(chi ld:

Table A3-5b
Non Cancer Hazards for Residential Exposure to Groundwater - Food Consumption

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Ctenical

Chloroform

1 ,2-Dichloroethane

Vinyl Chloride

Total

Chloroform

1.2-Dichloroelhane

Vin>l Chloride

Toul

Chloroform

1,2-Dichloroclhane

Vmvl Chloride

Medium ETC
VllM

(Me«)

5 39E-01

7.17E-OI

1.27E+00

5.39E-01

7 17E-01

1 27E+00

5.39E-OI

717E-OI

1.27E+00

Medium EPC
Uiln

ug/L
ue/L
Ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
VilK

(CM)

5.39E-04

7.17E-04

1.27E-03

5 39E-04

717E-04

1 27E-03

5.39E-04

7.17E-04

1.27E-03

Rone EPC
Vita

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Tnufcr
Fxtar

—
—
-

2 50E-06

7.90E-II7

6.30E-07

7.90E-I17

2.50E-D7

2.00E-07

No»Cueer
kllte
icon

6.94E-06

1.45E-0!

2.86E-05

5.89E-II

2.48E-11

3 5 0 E - I I

1 54E-09

6.47E-10

9 17E-10

CDIUBiu

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Rcftrt.ee
Dote

(RTO)

1.00E-D2

2.HOE-02

3 OOE-03

1 OOE-II2

2 OOE-02

3 OIIE.03

1 OOE-02

2.00E-02

3 OOE-03

Referera
OoKUdti

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-dav

mg/kg-day

HinrdlBdei
(HI)

6 94E-II4

7 25E-04

9.53E-03

1 10E-02

? 89E-09

I.24E-09

I.17E-08

1.88E-08

I.54E-07

3.24E-08

3.II6E-07

Total 4.92E-07

Total Hazard Index Across All Exposure Routes/Pathways | 1.10E-02

Sc ranoTimcframe C nen
F u u r e
M< dium Groundnalcr

M l k
Exposure Point Ingcslion
Rtccptor Population Resident
R( ccptor Age Children and Adults

EipMvreRoate

rrui s £ Vegetables

[adi It)

Bee'

[adi It)

Mil.

a d i ] 1

Table A3-5b
Non Cancer Hazards for Residential Exposure to Groundwater - Food Consumption

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Ckcmkd

Chloroform

1.2-Dichloroethane

Vinyl C'hloride

Total

Chloroform

1,2-Dichloroethane

Vinyl Chlonde

Total

Chloroform

1 .2-Dichloroelhanc

Vint 1 Chlonde

Total

Median EPC
VilK

(Meu)

5.39E-01

7.17E-01

I.27E+00

539E-01

7.I7E-01

I.27E*00

5.39E-01

7 17E-OI

1.27E+00

MoHlwEPC
UdS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ugA,

femleEFC
VdM
(CM)

5 39E-04

7.17E-04

I.27E-03

5.39E-04

7 17E-04

I.27E-03

5.39E-04

7 17E-04

1 27E-03

Route ETC
Uite

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L
mg/L

Trailer
Factor

-
-

—

2.50E-06

7.90E-07

6 30E-07

7 90E-07

2.50E-07

2 OOE-07

Noa-ClKcr
Uttke

(CD1)

5.0UE-06

1.04E-05

2.06E-05

1 35E-IO

56KE-11

802E-11

1 42E-10

5.99E-1I

S.48E-11

CDIUirO

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-da\

KeftRMt
Dote

(RFO)

1. OOE-02

2.0CIE-02

3 OOE-03

1. OOE-02

2.00E-II2

3. OOE-03

1 IK)E-()2

2.IWE-II2

3.l)(]E-()3

Refere.ce
DoKUrili

mg/kg-day

mg/kg-day

mg/kg-dav

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hn»HUd«
(HI)

S OOE-04

5.20E-04

6.87E-IO

7.89E-03

1.35E-08

2.84 E-fW

2.67E-OH

4.31E-08

1.42E-IH

J.dl'EJN

2.8:E-US

4.55E-0*

Total Hazard Index Across All Exposure Routes/Pathways | 7.89E-0?



Sci nano Timeframe. Current.

M e d i u m : Groundnatcr
Ex xisurc Medium: Fruits, Beef,
M i k
E\ Kisure Poml Ingcslion
Re cptor Population Resident
Re cptor Age Children and Adults

E<p tire Role

-ruin £ Vegetables

ehil i)

Bed

(chil 1)

Mi lk

(chil 1)

Table A3-5b
Non Cancer Hazards for Residential Exposure to Groundwater - Food Consumption

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Ckalul

Chloroform

1,2-Dichloroclhanc

Vinyl Chloride

Total

rhloroform

1.2-Dichloroethane

Vinyl Chloride

Total

Chloroform

1,1.2-Trichloroethane

Vinyl Chloride

Maura ETC
Vibe

(Mm)

6.25E-OI

I.55E+IXI

1 51E+OI)

6.25E-0]

1.55E+00

1 51E+(KI

6.25E-01

5.0IIE-II1

I . 5 I E + I I I I

MallnEK
' U«IU

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

BMklTC
V«hK
(CM)

6.25E-04

I.55E-03

1.51E-03

6.25E-I14

1.55E-C13

1 51E-03

6.25E-04

5.IIOE-04

1 51E-03

RMHIPC
Uilll -

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Trurftr
• r Fitwr

—
-
-

2.50E-CI6

7 9IIE-07

6.30E-07

7.90E-07

2 3IIE-07

2 OOE-07

NM-Cuccr
litalae .
(CW(

8.05E-06

3.13E-I15

3.40E-05

6.83E-I1

3.35E-M

4 16E-11

1 78E-09

1.4IIE-(I9

1 09E-09

CDIUiib

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/tg-day

mg/kg-day

mg/kg-day

•Ufoncc
Dot* .

'(Kn»
I.OOE-02

2.WIE-02

3 OOE-03

1 IIOE-02

2.00E-02

3 OOE-03

1 (IIIE-02

2 OOE-02

3 OOE-03

Icfcroct
De«U.dti

mg/lg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

BunllMlel

: (Bl)

8.U5E-04

1.57E-03

1.13E-02

1.37E-02

6.83E-09

2.68E-09

1 .39E-08

2 34E-08

1 78E-U7

7 OOE-08

3 63E-07

Total 6.I1E-II7

Total Hazard Index Across All Exposure Routcs/Pathwa) s | 1 37E-U2

ScinanoTimeframc Currenl,
Fuiarc
Me ii uiti Grounds atcr
Ex icsurc Medium. Fruits, Beef,
M i k
E\ icjurc Point Ingest ion
Re' eptoT Population: Resident
Re. eptcr Age: Children and Adults

EipiltircRoBtc

7rui l ; .ft Vegetables

(adu l t )

Beef

aduli)

Milk

fadu [}

Table A3-5b
Non Cancer Hazards for Residential Exposure to Groundwater - Food Consumption

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Chemical

Chloroform

1 ,2-Dichloroethane

Vmvl Chloride

Total

Chloroform

1 .2-Dichloroelhane

Vinyl Chloride

Total

Thlorofcirm

1 .2-Dichlorocthane

Vinyl Chloride

Mntlw* WC
Vita

(Mew)
6.25E-OI

1.55E+IKI

1 51E+00

6.25E-OI

I.55E*00

1.5IE+00

6.25E-01

1.55E+00

1.5 IE+I I I I

McdlMEFC
Vila

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

RMttEPC
Val«
(CM) ,

6.25E-04

1 55E-03

1.5IE-D3

6.25E-04

1.55E-03

1.51E-03

6.25E-04

I.55E-03

I.51E-D3

RMkEFC
IM*

mgn.

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Truifcr,
Factor

-
.-
-

2.50E-06

7.90E-07

6.30E-07

7.90E-07

2.50E-II7

2 OOE-07

NiM-Cu<tr
Uute
(COD

8 05E-06

3.13E-05

3.4UE-05

6.83E-II

535E-1I

4 . I 6 E - I I

I.78E-09

1.40E-09

1.H9E-U9

CDI Vila

mg/Vg-day

mg/kg-day

mgAg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/Vg-day

mg/kg-day

mg/kg-day

RtfCRKC
DOK

OUTD)

1. OOE-02

2.00E-02

3.00E-03

1. OOE-02

2. OOE-02

3.00E-03

I.OOE-02

2.DOE-02

3. OOE-03

Rcremtc
DaKUriti

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Bmrdluki
(HI)

8 05E-04

1.57E-03

1.I3E-02

1 37E-02

683E-09

2.68EJW

1 .39E-08

2 34E-08

1 78l;-07

7 OOK-OX

3.63l;-()7

6 11E-07

Total Hazard Index Across All Exposure Routes/Pathways | 1 37IJ-02



Scenario Timeframe Current , Future
Medium: Groundwater
Exposure Med urn: Fruits, 3eef. Mil l .
Exposure Poini: Ingestion
Receptor Population Resident
Receptor Age: Children ami Adults

Table A3-6a
Cancer Risks for Residential Exposure to Groundwater - Food Consumption

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

Fruits & Vegetables

( c h i l d )

Beef

( c h i l d ]

Milk

(child)

Chemical '

B;n;cene

C irbon tetracl loride

Cilrroform

1,2-Dichloroe hane

Vinyl Chlorid:

Total

B;n/.ene

C irt'Oii tetracl loride

Cik reform

1,2-Dichloroe hane

Vinyl Chloride

Total

B :n/ene

Cirton tetrad londe

Cilcrofonn

1,2-Dichloroe hane

V i n y l Chlorid:

Medium EPC
Value

(Mew)

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1 .24E+00

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1.24E+00

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1.24E+00

Medium EPC
Units

ug,L

ug,L

ug/L

ug,L

ug,L

ug.L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Rente EPC
Value

(CM)

6.66E-04

8.61E-04

7.36E-04

2.70E-03

1 .24E-03

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

1 .24E-03

6.66E-04

8.61E-04

7.36E-04

2.70E-03

1.24E-03

Route EPC
Untts

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer
Factor '"

...

...

...

...

...

3.10E-06

1.60E-05

2.50E-06

7.90E-07

6.30E-07

9.90E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

Cancer
Intake

(CDD

2.64E-06

2.25E-06

3.15E-06

1.81E-05

9.28E-06

7.87E-11

5.25E-10

7.01E-11

8.13E-11

2.98E-11

2.80E-10

1.83E-09

2.47E-10

2.86E-10

1.05E-10

CDI Unit*

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
' Factor .

(SF)

5.50E-02

1.30E-01

6.10E-03

9.IOE-02

1.50E+00

5.50E-02

1.30E-01

6.10E-03

9.10E-02

1.50E+00

5.50E-02

1.30E-01

6.10E-03

9.10E-02

1.50E+00

Cancer Slope
Factor Units

(mK/kg-dav)'1

Img/kg-day)"1

(mg/kg-day)"'

(mg/kg-day)'1

(mg/kg-day)"'

(mg/kg-day)"'

(mg/kg-day)"1

(mg/kg-day)"'

(mj-/kg-day)"'

(mg/kg-day)"1

(mg/kg-day)"'

(mg/kg-day)'1

(mg/kg-day)''

(mg/kg-day)"'

(mg/kg-d.iy)'1

• Exposure
Risk

1 .45E-07

2.93E-07

1.92E-08

1.65E-06

1.39E-05

1.60E-05

4.33E-12

6.83E-11

4.28E-13

7.40E-12

4.47E-11

1.25E-10

1.54E-11

2.38E-10

1.51E-12

2.60E-11

1.58E-10

Total 4.38E-10

Total Cancer Risk Across All Exposure Routes/Pathways | 1.60E-05



Scenario Timel'rame: Cu rent. Future
Medium: Grotndwater
Exposure Medium: Fruit;, Ueef. Mill
Exposure Point: Ingestiol
Receptor Population Reiident
Receptor Age: Children tml Adulrs

Table A3-6a
Cancer Risks for Residential Exposure to Groundwater - Food Consumption

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

Fruits & Vegetables

(adulli

Beef

(adult)

Milk

(adult)

Chemical

B;n/ene

Carbon tetracUoride

Cilcioform

1.2-Oichloroehane

Vini ' l Chlorid;

Tjtal

Ben'.ene

Carbon tetrachloride

Chlotoform

1 2-Dichloroediane

\ invl Chloride

Toli.1

benzene

Carbon tetrac iloride

Chloroform

1,2-Dichlorot thane

Viny l Chloric e

Medium EPC
Valve

(Mean)

6.66E-OI

8.61E-01

7.36E-01

2.70E+00

1 .24E+00

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1.24E+00

666E-01

8.6IE-01

7.36E-01

2.70E+00

1.24E+00

Medium EPC
Unit)

ug-L

ug,L

ug,L

ug,l

ug'L

ug'L

ug'L

ug'L

ug'L

ug'L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

6.66E-04

8.61E-04

7.36E-04

2.70E-03

1.24E-03

6.66E-04

8.61 E-04

7.36E-04

2.70E-03

1.24E-03

6.66E-04

8.61 E-04

7. 3 6 E-04

2.70E-03

1 .24E-03

Route EPC
Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer
Factor

...

...

...

...

...

3.10E-06

1 .60E-05

2.50E-06

7.90E-07

6.30E-07

9.90E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

Cancer
Intake

(GDI)

2.64E-06

2.25E-06

3.15E-06

1.81E-05

9.28E-06

7.87E-11

5.25E-10

7.01 E-11

8.13E-11

2.98E-11

2.80E-10

1.83E-09

2.47E-10

2.86E-10

1.05E-10

GDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor

<SF)

5.50E-02

1.30E-01

6.10E-03

9.IOE-02

1.50E+00

5.50E-02

1.30E-01

6 10E-03

9.10E-02

1.50E+00

5.50E-02

1.30E-01

6.10E-03

9.10E-02

1.50E+00

Cancer Slope
Factor Units

(mg/kg-day)"1

(mg/kg-day)1

(mg/kR-day)"'

(mg/kg-day)"1

(mg/kg-dav)"'

(mg/kg-day)"1

(mg/kg-day)"1

(mg/kg-day)"1

(mg/kg-day)"1

(mg/kg-day)'1

(mg/kg-day)'1

(mg/kg-day)"1

(mg/kg-day)'1

(mg/kg-day)"'

(mg/kg-day)"1

Exposure
Risk

1 .45E-07

2.93E-07

1.92E-08

1 .65E-06

1.39E-05

1.60E-05

4.33E-12

6.83E-1I

4.28E-13

7.40E-12

4.47E-1 1

1.25E-10

1.54E-11

2.38E-10

1.51E-12

2.60E-11

1.58E-10

1ot.il 4.38E-10

Total Cancer Risk Across All Exposure Routes/Pathways | 1 .60E-05



Scenario Timeframe: Cu Tent, Future
Medium: Groindwater
Exposure Medium: Fruit), Jieef, Mil}
Exposure Point: IngestiO'i
Receptor Popuat ion: Resident
Receptor Age: Children md Adul ts

Table A3-6a
Cancer Risks for Residential Exposure to Groundwater - Food Consumption

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

Fruils & Vegetables

(chi ld!

Beef

(child)

Milk

(child)

Chemkil

B;n.;ene

Carbon tctracUoride

Clloroform

1 2Oichloroe hane

Vinvl Chlorid;

Tatd

Benzene

Carbon tetrac iloride

Chloroform

1 2-Dichloroelhane

V in Bichlor ide

Total

Benzene

Carjon letrac iloride

C hi orofcrm

1,2-Dichlorot thane

\ i n y l Chloric e

Medium EPC
Value

(Me»n)

1.52E+00

2.64E+01

4.27E+00

8.IOE+0!

1.63E+00

1.52E+00

2.64E+01

4.27E+00

8.10E+01

I.63E+00

1.52E+00

2.64E+01

4.27E+00

8.10E+01

1.63E+00

Medium EPC
Units

ug,L

ug,L

Ug:!

ug.1
ug/L

ugl.

ugT-

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1 .63E-03

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

1 .52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

Route EPC
Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer ;
Factor

...

...

...

—
...

3.10E-06

1 .60E-05

2.50E-06

7.90E-07

6.30E-07

9.90E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

Cancer
Intake

(CDI)

6.03E-06

6.89E-05

1.83E-05

5.43E-04

1.22E-05

1.80E-IO

1 60E-08

4.07E-10

2.44E-09

3.9IE-11

6.38E-10

5.60E-08

1.43E-09

8.59E-09

I.38E-10

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/fcg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor

(SF)

5.50E-02

1.30E-01

6.10E-03

9.IOE-02

1 .50E+00

5.50E-02

1.30E-01

6.10E-03

9.10E-02

1.50E+00

5.50E-02

1.30E-01

6.10E-03

9.IOE-02

1.50E+00

Cancer Slope
Factor Units

(niK/kg-day)'1

(mg/kg-day)"1

(mB/kg-dny)'1

(mH/kg-day)'1

(mg/kg-diwy1

(mg/kg-day)'1

(mg/kg-day)"1

(mg/kg-day)'1

(mg/kg-day)"1

(mR/kg-day)"1

(mg/kg-day)"1

(mg/kg-day)"1

(mg/kg-day)'1

(ms/kg-day)"'

(mg/kg-day)"'

Exposure
! Risk

•

3.32E-07

8.96E-06

1.12E-07

4.94E-05

1 .83E-05

7.71E-05

9.90E-12

2.08E-09

2.48E-12

2.22E-10

5.87E-11

2.37E-09

3.51 E-11

7.28E-09

8.72E-12

7.82E-10

2.07E-10

loul 8.31E-09

Total Cancer Risk Across All Exposure Routes/Pathways | 7.71E-05



Scenario Timeframe Curr tn l , Future
Medium: Groundwaier
Exposure Medium Frui ls , Beef Mill;
Exposure Poin:: Ingesticn
Receptor Population: Resicent
Receptor Age: Children an<i Adults

Table A3-6a
Cancer Risks for Residential Exposure to Groundwater - Food Consumption

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana
Exposure Route

Fruils & Vegetables

(adu l t )

Beef

( a d u l t )

Milk

(adul t )

Chemical

Benzene

Carhon tetracliloride

Ciloroform

1.2-Dichloroe hane

V i n y l Chlorid:

Tital

B.-n/.ene

Carbon tetracliloride

Ciloroform

1.2-l)ichloroe hane

V i n y l Chlorid:

Total

Bin/ene

Cirlion tetrad loride

Ciloraform

1,2-IDichloroe hane

\'m\\ Chlorid:

Medium EPC
- Value

(Mean)

1.52E+00

2.64E+01

4.27E+00

8.IOE+01

1.63E+00

1.52E+00

2.64E+01

4.27E+00

8.IOE+01

I.63E+00

1.52E+00

2.64E+01

4.27E+00

8.10E+01

1 .63E+00

Medium EPC
Units

ug.L

ug,L

ug,L

ug,L

ug,L

ug,L

ug,L

ug,L

ug.L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Vatae
(CM)

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1.63E-03

1.52E-03

2.64E-02

4.27E-03

8.10E-02

1 .63E-03

1 .52E-03

2.64E-02

4.27E-03

8.10E-02

1 .63E-03

Route EPC
•':. Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Transfer
Factor

...

...

...

...

...

3.10E-06

1.60E-05

2.50E-06

7.90E-07

6.30E-07

990E-07

5.00E-06

7.90E-07

2.50E-07

2.00E-07

Cancer
intake

(CDI)

6.03E-06

6.89E-05

1.83E-05

5.43E-04

1 .22E-05

1.80E-10

1.60E-08

4.07E-10

2.44E-09

3.91E-11

6.38E-10

5.60E-08

1.43E-09

8.59E-09

1.38E-10

CDI Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
Factor

<SF)

5.50E-02

1.30E-01

6.10E-03

9.10E-02

1.50E+00

5.50E-02

1.30E-01

6.10E-03

9.10E-02

1.50E+00

550E-02

1.30E-01

6.10E-03

9.10E-02

1.50E+00

Cancer Slope
Factor Units

(mg/kg-day)"1

(mg/kg-day)"1

(mg/kg-day)'1

(mg/kg-day)'1

(mg/kg-day)"1

(mg/kg-day)"'

(mg/kg-day)"'

(mg/kg-day)"'

(mg/kg-day)"'

(mg/kg-day)'1

(mg/kg-day)"'

(mg/kg-day)'1

(mg/kg-day)"1

(mg/kg-day)"1

(mg/kg-day) '

Eiposurr
Risk

3.32E-07

8.96E-06

1.12E-07

4.94E-05

1.83E-05

7.7IE-05

p.90E-12

2.08E-09

2.48E-12

2.22E-10

6.87E-1 1

|2.37E-09

3.51 E-11

7.28E-09

8.72E-12

I7.82E-10

2.07E-10

Total 8.31E-09

Total Cancer Risk Across All Exposure Routes/Pathways | 7.71E-05



Scena 10 Timeframe: Current, Future
Medium. Groundwaler
Expos ne Medium Fruits. Beef, Milk
Expos lie Point: Ingestion
Rccep or Population Resident
Recep or Age: Children and Adults

Expon T Rente

rniils & Vegetables

( c h i l d )

Beef

( th i l d )

Mi lk

Ithild)

Table A3-6b
Cancer Risks for Residential Exposure to Groundwater - Food Consumption

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana
demiul

Chloroform

1 ,2-Dichloroethane

Vinvl Chloride

Total

Chloroform

1.2'Dichloioethane

Vinvl Chloride

Total

Chloroform

1 .2-Dichloroethane

Vinvl Chlondc

Mcdnm ETC
V.l.e
(Men)

.'. 39E-III

V.I7E-OI

1 27E+00

.'.39E-OI

V.I7E-01

1.27E-HI1I

.'.39E-II1

riTE-01

1.27E-M10

Medina EFC
U.iB

ug/L

ug/L

uj/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

R l.teEFC
Vital
(CM)

5.39E-04

7.17E-04

I.27E-03

5 39E-04

7.17E-04

1 27E-03

-V39E-04

7.I7E-04

1 27E-03

Total

RMttErC
Uiiti

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

TruiTer
Fictar

—

2.50E-06

7.9UE-07

6.3IIE-07

7.90E-II7

2 50E-07

2 OOE-07

Cliccr
I.Ukt

(COD
2.31E-06

4.8IE-06

9.50E-06

5 .13E- I I

2 . I I E - I I

3.I15E-I1

1.81E-IO

76IIE-11

1.08E-10

CDIl'.iB

mg/kg-day

mg/kg-day

mg/kg-day

mg^(g-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cuter Slope
r*«orCSF)

6.IOE-II3

9.IOE-02

I.5()E-H)0

6 10E-II3

9 10E-112

I.50E-HX)

6.10E-03

9 IOE-02

1 50E+00

CtmrStopt
FittorUlrll

(mR/kR-dav)'1

(mg/Kg-dav)'1

(mgAg-day) '

(mg/kg-day)'

(mgAg-day)"'

(mg/kg-day)''

(mg/kg-day)"'

(mg/kg-day)''

(mg/kg-dav)'1

ElpnirtRbk

I.41E-H8

4.3IE-D7

1.43E-D5

1.47E-H5

3 . I 3 E - I 3

I 9 2 E - I 2

4.38E-1I

4 SUE- 11

1 I O E - 1 2

6 ME- 12

1 6 2 E - I O

1.70E-IO

Total Cancer Risk Across All Exposure Roules/Palhwavs | 1 47E-it5

Scenai ic Timeframc. Current, Future
Mcdiu n Groundwaler
Expos ire Medium Fruits. Beef, Milk
Expos ir: Point. Ingestion
Recep or Population Resident
Recep o- Age Children and Adults

Eiponit Rwte

Finns & \'egeiables

[adult)

B.;ef

[adult)

M i l k

ladu l l )

Table A3-6b
Cancer Risks for Residential Exposure to Groundwater - Food Consumption

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Ctemiol

Chloroform

1,2-Dichloroethane

Vinvl Chlondc

Total

Chloroform

1.2-Dichloroethanc

Vinvl Chloride

Total

Chloroform

1,2-Dichloroelhane

Vinvl Chloride

MediimEfC
V»lM
(Mj»)

5.39E-OI

7.17E-OI

1 27E-H1I1

5 39E-01

7.17E-01

1 27EHIU

5.39E-01

7 . I7E-UI

1 27EMIO

MedbtiErc
VA>

UgA.

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

R ntcEK
Vntu
(CM)

5.39E-IW

7.17E-04

1 27E-03

5.39E-04

7.I7E-04

1.27E-03

5.39E-04

7.I7E-II4

I.27E-03

Total

RntoETC
Uiltt

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Traufcr
Fittor

...
-
...

2 50E-06

7.90E-07

6.30E-07

7.90E-07

2.50E-07

2.00E-U7

Caicer
Iiuke

(CDI)

2.31E-06

4.81E-06

9.50E-II6

5.13E-II

2 1 1 E - I 1

305E- I1

1 I I E - I O

7.6I1E-1I

1.08E-IO

CDIUlib

mg/Vg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-<lay

mg/Vg-day

mg/kg-day

Cueer Slope
FtctOT(SF)

6 10E-03

9. IOE-02

I.5I1E+00

6.IOE-03

9.IOE-II2

I.50E+00

6.IIIE-03

9. IUE-02

1.50E-HIO

CtanrSbtK
FunrUaHi

(mg/kg-day)'

(mg/lig-day)'1

(mg/kg-dav) '

(mg/kg-day)'1

(mg/kg-dav)'

(mii/kg-dav)'1

(mgA;g-day)

(mg/kg-dav)'1

(mg/lg-day)'1

EiponreRitk

I . 4 I E - U 8

4.38E-U7

1.J3E-H5

1 47E-H5

3 13E-13

1 ME- 12

4 . 5 8 E - I I

4. SUE- 11

1.10E-12

6.WE-12

I.62E-H)

1 TOE- Ml

Toul Cancer Risk Across All Exposure Routes/Pathways | I.-17E-(!S



Scenai id Timeframc: Current. Future
Mcdiuri Groundwaler
Expos ne Medium Fruits, Beef. Milk
Expos ire Point Ingestion
Recep or Population Resident
Reccp or Age Children and Adulls

Eipon T Roitc

Fui ls iS Veeclables

( c h i l d )

Beef

(child)

Milk

(chi ld)

Table A3-6b
Cancer Risks for Residential Exposure to Groundwater - Food Consumption

Reasonable maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Ckemiul

Chlorofonr.

1.2-Dichloioelhane

Vinvl Chlondc

Total

Chlorofonn

1.2-Dichloioethane

Vinvl Chlondc

Total

Chloroform

1.2-Dichloioethane

Vinvl Chloride

Mcdl»EPC
Vilw
(M<u)

I.25E-OI

1 55E+IKI

1.5 IE-Hid

(..25E-U1

1 55E+00

1.5 IE-Hid

(. 25E-II1

l.SSE-HX)

1 51E-HIO

McdimEPC
Uiih

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Rule ETC
VllM

(CM)

6.25E-04

1.55E-03

1 51E-03

6 25E-04

1 55E-03

I 5 I E - 0 3

6.25E-04

1.55E-03

1.51E-03

RnteErC
Uiiti

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Trwtfer
Factor

...

...

2.50E-06

7.90E-07

6 30E-07

7.90E-07

2 50E-07

2.00E-07

dicer
htikt
(CBO

2 68E-06

1 04E-05

1 13E-05

5. 95 E- II

4.67E-II

3 6 2 E - I 1

2.IJ9E-10

1 64E-10

I.09E-IO

CDIU.itt

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

rag/kg-day

mg/kg-day

mg/kg-day

Cuter Slope
FKIor(Sr)

6 10E-U3

9 10E-02

I.SOE-HIII

6 HIE-03

9.IUE-D2

1 5DE+00

6. HIE-03

9.IOE-02

1.50E+00

Ca««r Steps
rattorUtrtj

(mg/kn-dav) '

(mg/kg-dav)1

(mg/kg-dav)'1

(mg/kgjay)'1

(mg/kg^lav)'1

(mg/ke^iav)1

(mg/kg^Jay)'1

(mg/lg-dav)1

(mg/kg^av)'1

KsBimn Ritk

1 63E-H8

9 46E-D7

1 70E-II5

1.79E-H5

3.r,3E-(3

4.25E-12

5.43E-I1

5.89E-I1

1.27E-I2

1 49E-I1

1.64E-KI

Total 1 IDE- 10

Total Cancer Risk Across All Exposure Routes/Pathways | 1 79E-M5

Scena iuTimeframs. Current, Future
Medium: (jroundualer
Expos lie Medium Fruits. Beef. Milk
Expos ire Point: Ingeslion
Reccp or Population: Resident
Reccp or Age Children and Adults

Exposa t Rotte

Fruits & Ve£ elables

(ndul t )

Bcqf

(iidull)

Milk

(adult)

C

Caemic.1

Chloroform

1 ,2-Dichloroethane

Vinyl Chloride

Total

Chloroform

1,2-Dichloroethanc

Vinvl Chlonde

Total

Chloroform

1 ,2-Dichloroethane

Vinil Chlonde

Table A3-6b
ancer Risks for Residential Exposure to Groundwater - Food Consumption

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana
Midiim EPC

VllM

(Mm)
H 2 5 E - O I

1.55E+00

1 SIErtO

I..25E-01

I.55E-HIO

!.51E«I(I

H.25E-01

1.55E+00

1.51E-KIO

Mtdi.mEPC
Uala

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

RntiEFC
V.l.c
(CM)

6.25E-04

1 55E-03

I.5IE-03

6.25E-04

1.55E-03

1.S1E-03

6.25 E-04

1 55E-03

I 5 I E - 0 3

Roil. EPC
Ulitt

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Traufer
FMor

...

-

2.50E-06

7.90E-07

6.30E-07

7 90E-07

2.50E-II7

2.(I(IE-07

C»or
laUfct
(CDI)

2.68E-06

1.04E-05

1.I3E-05

5.95E-11

467E-I I

362E-I1

209E-IO

1.64E-10

1.09E-10

CDI Hub

mg^g^lay

mg/kg^ay

mg/kgxlay

mgAg-day

mg/kg^lay

mg/kg^lay

mg/kg-day

mg/kg^lay

mg/kg-day

Cuccr Slope
r«tor(SF)

6 10E-03

9 HIE-02

1.50EHIO

6.10E-03

9.IOE-02

1.50E-HIO

6.10E-03

9.10E-02

I.SOE-MX)

Onctr Slope
FxtorUiiu

(mg/kE-dav)'1

(mg/kg^av)'1

(mg/kc-diy)'1

{mg/kg^lavV1

(mg/kg-diy)'1

(mg/Vg^lav) '

(mg/kg-diy)'1

(mg/kg-dav)11

(mB/kg-dav)''

Ezpoiir* Risk

1 63E-:i8

9 46E- 17

1 70E-'I5

1.79E-'I5

3 6 3 E - I 3

425E-12

5 . 4 3 E - I I

5 8 9 E - 1 I

1 27E-I2

1.49E-I1

1 64E-III

Total 1 SHE- 10

Total Cancer Risk Across All Exposure Routcs/Palhwe\ s | 1 7(;E-'l.'i



Scenario Timeframe: Oumnt Futuie
Medium: Grourdwater
Exposure Medium: Grounc water
Exposure Point Inhala ion ikm Irrigation
Receptor Population Agritultural Worker
Receptor Age Adults

Table A3-7a
Non Cancer Hazards for Agricultural Worker Exposure to Groundwater

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana

Eiposj re Route

[nhalahon

(adult)

Cbrraical

Benzene

Car ion tetrachloiuie

Chi m form

l,2-Di,:hloroethaie

V m / l i:hloride

Median EPC
Value

(Mean)

6.66E-OI

8.6IE-OI

7.36E-01

2.70E+00

1.24E+00

Medium EPC
Uniti

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Value

- (CM)

1.98E-OI

2.56E-OI

2.19E-OI

8.02E-01

3.68E-OI

Route EPC
Untt»

mR/m3

mg/m3

mg/m3

mg/m3

mg/m3

EPC Selected
for hazard

Calculation (1)

R

R

R

R

R

NoB-Cancer
Intake

CDI

1 .8BE-05

2.43E-05

2.07E-05

7.61 E-05

3.49E-05

IntakeUnlU
f - •

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference
' DOM

(RFD)

8.57E-03

...

...

2.86E-02

Reference
Dose Uilti

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazard Index
(HI)

2.19E-03

O.OOE+00

O.OOE+00

O.OOE+QO

1.22E-03

Tot.il 3.41 E-03

Total Hazard Index Across All Exposure Routes/Pathways | 3 41 E-03

Scenario Timeframe Ounrnt Future
Medium Grouridwater
Exposure Medium: Groundwater
Exposure Point: Inhalation frum Irrigation
Receptor Population Agrn ulmral Worker
Receptor Age: Adul ts

Eiposure Route

nhalaiion

[adultl

Table A3-7a
Non Cancer Hazards for Agricultural Worker Exposure to Groundwater

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana

Cbcm ol

Berzene

Caroon tetr;ichloi ide

Chi ̂ reform

l,2-Di;hloroethaie

V i r y l Chloride

Medium EPC
Value

(Mean)

1.52E+00

2.64E+01

4.27E+00

O.OOE+00

I.63E+00

Medium EPC
Unite

ug/L

ug/L

ug/L

ug/L

ug/L

RoateEPC
Value
(CM) .

4.52E-01

8.84E+00

1 .27E+00

2.4IE+OI

4.83E-OI

Route EPC
- Unto

mg/m3

mK/m1

mg/m3

mg/m3

mg/m3

EPC Selected
for hazard

Calculation (1)

R

R

R

R

R

Noo-Caacer
Intake

CDI

2.25E-04

3. 91 E-03

6.32E-04

1.20E-02

2.41 E-02

Intake Uulf*

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Reference
Dote

(RFD)

8.57E-03

...

...

...

2.86E-02

Reference
Dose Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Hazard Indei
(HI)

2.63E-02

O.OOE+00

O.OOE+00

O.OOE+00

8.43E-01

Totsl 8.69E-01

Total Hazard Index Across All Exposure Routes/Pathways 1 8.69E-01



Scenario Timeframe: Ci rrt:m Future
Medium: Groundwater
Exposure Medium Gronnduater
Exposure Point: Inhalation from Irrigation
Receptor Population. A g r i c u l t u r a l Worker
Receptor Age: Adults

Exposure Route

Inhalation

(adult)

Table A3-7b
Non Cancer Hazards for Agricultural Worker Exposure to Groundwater

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Chenical

C ilcroform

1 .2-Dichloroe hane

V 'ny l Chlorid<:

Medium EPC
Value

(Mean)

5.39E-01

7.I7E-01

1.27E+00

Medium EPC
Unit)

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

1.60E-01

2.I3E-01

3.77E-01

Route EPC
Unit*

mg/m3

mg/m3

mg/m3

EPC Selected
for Haunt

Calculation (J)

R

R

R

Non-Cancer
Intake

era

3.40E-05

4.04E-05

7.16E-05

Intake Units

mg/kg-day

mg/kg-day

mg/kg-day

Reference
"'';•'• Dose -"';•'•;

(RFD)

...

...

2.86E-02

Reference
Dose Units

mg/kg-day

mg/kg-day

mg/kg-day

Hazard Index

(HI)

O.OOE+00

O.OOE+00

2 50E-03

Total 2.50E-03

Total Hazard Index Across All Exposure Routes/Pathways | 2 50E-03

Scenario Timeframe: Current Future
Medium: Groundwater
Exposure Medium: Groundwaler
Exposure Poinl: Inhalation from Irrigation
Receptor Population: Agricultural Wjrker
Receptor Age: Adul ts

Exposure Route

Inhala t ion

;adul l i

Table A3-7b
Non Cancer Hazards for Agricultural Worker Exposure to Groundwater

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Chemical

Clilorofoim

l,!-Dichloroelliane

Vmvl Chloridi

Medium EPC
Value

(Mean)

6.25E-01

1.55E+00

1.51E+00

Medium EPC
Units

ug'L

ug/L

ug'L

Route EPC
Value
(CM)

1.86E-01

4.61E-01

4.48E-OI

Route EPC
Units

mg/m3

mg/m3

mg/m3

EPC Selected
for hazard

Calculation (1)

R

R

R

Non-Cancer
Intake

CDI

9.25E-05

2.29E-04

2.23E-04

Intake Units

mg/kg-day

mg/kg-day

mg/kg-day

Reference
Dose

(RFD)

...

_.

2.86E-02

Reference
Dose Units

mg/kg-day

mg/kg-day

mg/kg-day

H«J ird Indei
(HI)

O.OOE+00

O.OOE+00

7 80E-03

Total 780E-03

Total Hazard Index Across All Exposure Routes/Pathways | 7 80E-03



Scenario Timefrime: Current Future
Medium: Grourdwater
Exposure Medium: Grouncw^ter
Exposure Point: Inhalation fr< m Imgatu r
Receptor Population Agruullural Work :r
Receptor Age Aduhs

Table A3-8a
Cancer Risks for Agricultural Worker Exposure to Groundwater

Central Tendency
North Downgradient Area

Four County Landfill, Fulton County, Indiana

Exposure Route

nhalaiion

(adult)

Chemical

Benzene

Ca~bon tetrachlc ride

Chloroform

l,:-Dichloroeth.ine

V i i y l Chloride

Medium EPC
Value

(Mean)

6.66E-01

8.61E-01

7.36E-01

2.70E+00

1.24E+00

Medium EPC
Units

ug/L

ug/L

ug/L

ug/L

uii/L

Route EPC
Value
(CM)

1.98E-OI

2.56E-01

2.19E-OI

8.02E-01

3.68E-OI

Route EPC
UnlU

mR/m

mg/m3

mg/m

mg/m3

mg/m3

EPC Selected
forhanrd

Cakulitloa (1)

R

R

R

R

R

Cancer
Intake

2.41E-06

3.12E-06

2.67E-06

9.78E-06

4.49E-06

Intake Unite

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Ca*cer Slope
(actor
(SF)

2.73E-02

5.25E-02

8.05E-02

9. 1 OE-02

3.08E-02

Cancer Slope
Factor Ualti

(ms/kK-dav)"1

(mR/kg-day)'1

(mg/kg-day)'1

(mg/kg-day)"'

(mg/kg-day)"'

Cancer Risk

6.58E-08

1 .64E-07

2.15E-07

8.90E-07

1.38E-07

To;al 1 .47E-06

Total Cancer Risk Across All Exposure Routes/Pathways

Scenario Timefiame: Cunvnt Future
Medium" Groundwater
Exposure Medium" GrourMwiter
Exposure Point. Inhalation from Irrigati m
Receptor Population: Agn;u!tural Worker
Receptor Age Adults

Table A3-8a
Cancer Risks for Agricultural Worker Exposure to Groundwater

Reasonable Maximum Exposure
North Downgradient Area

Four County Landfill, Fulton County, Indiana

Eiposu re Route

Inha la t ion

fadult)

Chemical

Bi:n7ene

C:irb3n telrachl >nde

Chlorofonn

1, !-L)ichIoroetrane

V ml Chloride

Median EPC
Value

(Mean)

1 52E+00

2.64E+01

4.27E+00

O.OOE+00

1 63E+00

Medium EI-C
UB!(J

ug/L

ug/L

ug/L

ug/L

ug/L

Route EPC
Value
(CM)

4.52E-01

8.84E+00

I.27E+00

2.41 E+01

4.83E-01

Route EPC
Unite

mg/m3

mg/m

mg/m3

mg/m3

mg/m3

EPC Selected
for hazard

Calculation (1)

R

R

R

R

R

Cancer
Intake

8.03E-05

1.39E-03

2.26E-04

4.28E-03

8.61 E-05

Intake Dnlta

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
factor
(SF)

2.73E-02

5.25E-02

8.05E-02

9.1 OE-02

3.08E-02

Cancer Slope
Factor Unlti

(mg/kg-day)''

(tng/kg-day)'1

(mg/kg-day)"'

(mg/kg-day)"'

(mg/kg-day)''

Cancer Risk

2.19E-06

7.30E-05

1 .82E-05

3.89E-04

2.65E-06

Tnial 4.85E-04

Total Cancer Risk Across All Exposure Routes/Pathways I 4.85E-04



Scenario rimeframe: Current Future
Medium: Groundwater
Exposure Medium: Groundwater
Exposure Point: Inhalation from Irrigation
Receptor Population: Agricultural Worker
Receptor Age: Adults

Table A3-8b
Cancer Risks for Agricultural Worker Exposure to Groundwater

Central Tendency
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Exposure Rome

nhalation

l a d u l l )

Chemical

Chloroform

1,2-Dichloroethane

Vinyl Chloride

Median EPC
Value

(Mean)

5.39E-01

7.17E-01

1.27E+00

Median EPC
Unite

ug/L

ug/L

ug/L

Route f PC
Vahrt
(CM)

1.60E-01

2.13E-01

3.77E-01

Route EPC
Unite

mg/m3

mg/m3

mg/m3

EPC Selected
(tor nuard

Calculation (1)

R

R

R

• Cucer
Intake

3.91E-06

5.20E-06

9.20E-06

Intake Units

mg/kg-day

mg/kg-day

mg/kg-day

Cancer Slope
factor
<SF)

8.05E-02

9.10E-02

3.08E-02

<
1

ancer Slope
actor Unite

(mg/kg-day)"'

(mg/kg-day)"'

(mg/kg-day)' '

Caucer Risk

3.153-07

4.73)3-07

2.8313-07

Total 1 .07I--06

Total Cancer Risk Across All Exposure Routes/Pathways

Scenario rimeframe: Current Future
Medium: Groundwater
Exposure Medium: Groundwater
Exposure Point Inhalation from Irrigation
Receptor Population: Agricultural Worker
Receptor -\ge: Adults

Table A3-8b
Cancer Risks for Agricultural Worker Exposure to Groundwater

Reasonable Maximum Exposure
East Downgradient Area

Four County Landfill, Fulton County, Indiana

Kiposure Route

nhalat ion

(adult >

Chemical

Chloroform

1,2-Dichloroethane

Vinyl Chloride

Mediun EPC
Value

(Mean)

6.25E-OI

I.55E+00

1.5IE+00

Medium EPC
Unite

ug/L

ug/L

ug/L

Route E
Valu
(CM

PC
!

1.86E-OI

4.61E-01

4.48E-01

Total

Route EPC
Unite

mg/m3

mg/m3

mg/m3

EPC Selected
for hazard

CalcMwtloi (1)

R

R

R

Cancer
Intake

3.30E-05

8.19E-05

7.98E-05

Intake Units

mg/kg-day

mg;kg-day

mg/kg-day

Caucer Slope
factor

(SF)

8.05E-02

9.10E-02

3.08E-02

c
F

tncer Slope
ictor Unite

njg/kg-day)"'

rag/kg-day)"'

mg/kg-day)"1

Cincer Risk

2.66E-06

7.45E-06

2.46E-06

1.26E-05

Total Cancer Risk Across All Exposure Routes'Pathways || I.20E-05



Table A3-9a
Values Used for Daily Intake Calculations - Residential Exposure

BHHRA Calculations
Four County Landfill

Exposure
Route

Ingestion

Dermal

Inhalation

Parameter
Code

cw
IR -child
IR -Adult
EF:

EO-Child
Et)-Adult
BW-Child
BW-Adult
AT-C
A"-N-child
A"-N-adult
CW
SA-Child
SA-Adult
Cl:

E"-Child
E"~-Adult
EF:

ED-Child
ED-Adult
BW-Child
BW-Adult
AT-C
AT-N-child
AT-N-adult
PC
CW
NR-Child
NR-Adult
K
EF
ED-Child
ED-Adult
ED-NC
BW-Child
BW-Adult
AT-C
AT-N-child
AT-N-adult

Parameter Definition .

Chem. Cone. In GW
Ingestion Rate
Ingestion Rate
Exposure Frequency
Exposure Duration
Exposure Duration
Body Weight
Body Weight
Averaging Time (cancer)
Averaging time (non cancer)
Averaging time (non cancer)
Chem. Cone. In GW
Skin Area for Contact
Skin Area for Contact
Conversion Factor
Exposure Time
Exposure Time
Exposure Frequency
Exposure Duration
Exposure Duration
Body Weight
Body Weight
Averaging Time (cancer)
Averaging time (non cancer)
Averaging time (non cancer)
Permeability Constant
Chem. Cone. In GW
Inhalation Rate
Inhalation Rate
Volatilization Factor
Exposure Frequency
Exposure Duration
Exposure Duration
Exposure Duration
Body Weight
Body Weight
Averaging Time (cancer)
Averaging time (non cancer)
Averaging time (non cancer)

UNITS -

mci/L
L/clay
Uclay
da/s/yr
years
years

kg
kg
da/s
days
days
msi/L
cm2
cm2
L/c:m3
hours/day
hours/day
days/yr
years
years
kg
kg
days
days
days
cm/hr
mc|/L
m:i/day
m:t/day
L/rn3
days/yr
years
years
years
(9
kg
days
days
days

Fulton County, Indiana

Central Tendency
1 Value

Chemical Specific
0.87

1.4
350

6
24
15
70

25,550
2,190
8,760

Chemical Specific
6,600

18,000
0.001

0.33
0.25
350

6
24
15
70

25,550
2,190
8,760

Chemical Specific
Chemical Specific

8.7
15

0.5
350

6
24
6

15
70

25,550
2,190
8,760

CT Reference

Data Tables
EPA, 1997
EPA, 1997
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1989
EPA, 1989
EPA, 1989
Data Tables
EPA, 1997
EPA, 1997
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1989
EPA, 1989
EPA, 1989
EPA, 1992
Data Tables
EPA, 1997
EPA, 1997
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1989
EPA, 1989
EPA, 1989

RME Value

Chemical Specific
1.5
2.4

350
6

24
15
70

25,590
2,190
8,769

Chemical Specific
7,500

22,000
0
1
1

350
6

24
15
70

25,590
2,190
8,769

Chemical Specific
Chemical Specific

8.7
15

1
350

6
24

6
15
70

25,590
2,190
8,769

RME Reference

Data Tables
EPA, 1997
EPA, 1997
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1989
EPA, 1989
EPA, 1989
Data Tables
EPA, 1997
EPA, 1997
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1989
EPA, 1989
EPA, 1989
EPA, 1992
Data Tables
EPA, 1997
EPA, 1997
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1991
EPA, 1989
EPA, 1989
EPA, 1989

Intake Equatlo i

CDI (mg/kg-day) =
(CWIR*EF)/(BWAT)

CDI (mg/kg-day) =
(CW*SA"CF*PC'ET)/iqWAT)

CDI (mg/kg-day) =
(CW*INR*K*EF"ED)/(BW"AT)

Sources

E.PA. 1969: R sk Assessmen

E.PA, 1991: R sk Assessmen

EiPA, 1991A. 3is«Assessme

E:PA 1992:Di rma' Exposure

EiPA. 1997-Ecpcsure Factor

Guidance lor Superfund. Vol. 1: Human Healti Evaluation Manual, Part A OERR, EPA/640-1-89-002

Guidance tor Superfund. Vol. 1: Human Heatti Evaluation Manual - Supplemental Guidance Exposure Factors.

it Guidance for Superfund. Part B, Development of Risk-Based Preliminary Remediation Goals, Publ. # 9285.7-0

Assessment: Principles and Applications. EPA/600/8-91 /011B, January, 1992

Handbook, EPA/600/P-95/002F, August. 199?

Interim Final. OSWER Directive 9285.6-03

1B, December, 1991



Table A3-10
Summary of Receptor Risks and Hazards for Existing and Potential New COPCs in Groundwater

Four County Landfill OU2
Fulton County, Indiana

Eiposun Route Sector Receptor Central Tendency
Orieinil | Updated

Reaw nable Maximum Exposure
Oriiinal | Updated

Non Carcinogenic Hazard Indices
Residential Expo; ure to Groi ndwater Via Consumption

art) Showerirg/ Bathing

Residential Exposure to Grou idwater by Consumption of
Homegrown Fruits, Vegetables, Meat, and Milk

Agr icu l tu ra l Work.-r Exposure to Volatile Emissions from
Groundwater dur ing Operation of Irrigation System

Cancer Risks
Residential Exposure to Groundwater Via Consumption

and Showering/ Bathing

Residential Exposure to Grou idwater by Consumption of
Homegrown ! :mits, Vegi tables, Meat, and Milk

Agricultural Worker Exposun to Volatile Emissions from
Groundwater d mng Operation of Irrigation System

North Downgradient

East Downgradient

North Downgradient

East Downgradient

North Downgradient
East Downgradient

North Downgradient

East Downgradient

North Downgradient

East Downgradient

North Downgradient
East Downgradient

Child
Adult
Child
Adult
Child
Adult
Child
Adult
Adult
Adult

Child
Adult
Child
Adult
Child
Adult

3.6E+01
1.3E+01
2.0E-01
7.3E-02
2.6E-02
8.9E-03
3.3E-04
1.1E-04
2.8E-01
6.1E-04

4.4E-04
4.4E-04
None*
None *
1.2E-06
1.2E-06

Child None *
Adult None *
Adult 4.4E-06
Adult : None *

3.3E+03
1.2E+03
5.3E-02
1.9IE-02
2.5E-02
1.8E-02
1.1E-02
7.9E-03
3.4E-03
2.5E-03

1.4E-01
2.1E-01
1.7E-03
2.4E-03
1.60E-05
1 .60E-05
1.47E-05
! .47E-05
1.5E-06
1.1E-06

8.6E+01
3.2E+01
2.2E-OI
8.2E-02
2.0E-OI
6.9E-02
2.8E-03
9.5F.-04
3.0E+00
1.8E-02

6.0E+03
2.2E+03
9.2E-02
3.3E-02
4.0E-OI
2.9E-OI
UE-02
1.4E-02
8.7E-01
7.8E-03

2.9E-03 3.0E-01
2.9E-03 4.3E-01
None* 2.5E-03
None * 3.6E-03
1.9E-05 7.71E-05
1. 911-05 7.71E-05
None * 1 .79E-05
None* 1.V9E-05
1.3E-04 4.9E-04
None* 1.3E-05

•No carcinogens w;a ident i f ied as COPCs for this Sector in the HHHRA
Values exceeding a total hazarl index of 1 across all exposure pathways for non carcinogens or the US EPA target risk range of 1 .OE-06 to 1 .OE-4 for carcinogens are shown in bold type.

Four County Landfil l Fi"e-Year Review Page I of '.



Table B2-1
Ecological Screening Values (ESVs) for Direct Exposures to Water

Groundwater to Surface Water Routes of Exposure
Four County Landfill

Fulton County, Indiana

CHEMICAL

Averaging Period

CAS*'

Groundwater
Screening Cone. :

Mean
Value -

All Wells
(og/L)(1)

Maximum
Value

(HB/L)(I)

i ;;- • . j ' i. • • . ARARs :

Indiana
WQCibr

Aquatic Life
<AA^(ug/L);

Acute

Indiana
WQCfor
Aquatic

Mfc j
•IpCACf

''•' (ue/L)
Chronic

UftWPA
Rejoins

lEcetogical ,
I Screening '

Levels ,
(ufe/L)

US EPA Region
,4 Freshwater
Surface Water
* Screening
Values (ug/L)

Acute

US EPA Region
4 Freshwater

Surface Water
- :j:. Screening':^-' '
Values (ug/L)

Chronic

US E|
Fresh W

Wat<
Quali

Writer
(ue/1

'A
ater
r
*;r• --•-
)

Acute

US EPA
Fresh Water

,- Water
Quality

Criteria -
"• (us/L)

Chronic
Inorganics (ug/L)
Aluminum 742905
Antimony 7440350
Arsenic 74403 $2
Barium 74403)3
Cadmium 7440459
Calcium 74407 )2
Chromium 7440473
Iron 74398 )6
Mag.nesium
Manganese
Nickel
Potassium
Sodium
Vanadium

7439954
74399')5
74400:'.0
74400'>7
74402.55
74406:12

Chloride 16887006
Nitrate 14797:558
Sulfate I4808''98

194
16.3

9.0***
106***

102,000
6.4
38

34,000
171
5.8

2,240
12,000

187,000
104

50,800

1,700
42

16*"*
180*"*

150,000
26

250
50,000

940
:i?

5,400
85,000

470,000
1,100

780,000

360

10-21*

16**

3,600-5,500*

860,000

190

2.0-3.4*

11**

400-610*

230,000

80
148
220

0.15

42

28.9

12

1,300
360

1.79

16

789

860,000

160
190

0.66

11
1,000

87.7

230,000

750

340

2

16**
1,000

470

87

150

0.25

11**

52

860,000 230,000

Volatile Organic Compounds (VO^s) (ug/L)
Acetone 67641
Ben/ene 71432
Bromodichloromethane 75274
Bromomethane 74839
2-Butanone 78933
Carbon Bisulfide 75150
Carbon tetrachloride 56235
Chloroethane 75003

1.2

2.8

23

6(10

1,700
114

15
240

530

3,520

53

352

Four County Landfill Fiva Year-Review Pagel of 2



CHEMICAL

Chlorofomi
1,2-Dichloroethare
Cis-l.2-dichloroei.hene
Dichloromethane
Ethylbenzene
4-methyl -2-pentanone
Toluene
1,1.2-Trichloroethane
Vinyl chloride
m, p-Xylenes
o-Xylenes

Table B2-1
Ecological Screening Values (ESVs) for Direct Exposures to Water

Groundwater to Surface Water Routes of Exposure
Four County Landfill

Fulton County, Indiana

CAS#

67663
10706'.
1 5659 >
75092
100411
108101
10888?
79005
75014
1330237
13302D7

Groundwater
Screening Cone.

Mean'
Value -

AH Wells
(ug/L)(1>

3.5
99.1
0.51

1.8
0.50

Maximum
/Value
fanjf

80
2,100

1.2

2.1
25

. - .V • , . - . . . • ? - • . ' ARARs . . . ' • . - . • • • • • .
-^.--i;.. • - , ' - j - ' - l - r - . : t::;. • - : . - - ; - - • . - . , • • • - , • • ' . =, ' , ^ - • • > " . - •

Indiana
WQCfor

Aquatic Life
(AAq (ug/L)

Indiana
W^jCfbr [
Aquatic?

;^ Lifei- A =
;:-(fcAC)-i.^

(nB/U

US EPA i
Regions
Ecological
Screening

Levels f
(ugfL)

910

14
170
253
500
930

27

US EPA Region
" 4 Freshwater
Surface Water

Screening
Values (ug/L)

2,890
11,800

4,530

1,750
3,600

US EPA Region
v 4 Freshwater
Surface Water

1 Screening
Values (ugVL)

289
2,000

453

175
940

USEP
Fresh W
; Wate
Quali

Criteri
(ug/t

\ •:
iter

y
a-
)

30

40

20

USEPA
Fresh Water

Water
Quality

Criteria -
(ugrt.)

'" Dilution Factar of 10?: used for ;omparison to screening criteria to represent dilution in transport.
* Dependent Upon Hardness. Values estimated based upon site alkalinity range of 270 to 400 mg/L and hardness estimated at 1.5X to 2X alkalinity. Range also includes values
that would result from using the formula "Hardness == 2.497(Ca)+4.116(Mg)" and RI/FS site concentrations of 93.1 to 102 mg/L for Ca and 34 to 42.6 mg/L for Mg.
** Assumes all chromium is Chromium IV.
Groundwater screening concentrations for inorganics are the higher of either the Rl/FS study data or the LTGWM program mean and maximum concentrations.
*** Starred values are from L7GU M program; all other inorganic values are from the Rl/FS study.
Groundwater screening concentrations for organic compounds are the mean and maximum concentrations from the MNA monitoring period.
Screening Values exceeded by Mean conc./lO are noted in bold
Screening Values exceeded by Ma:;. conc./lO are noted in italics
Sources: US EP/V, Region 4, Water Management Division, Screening List - http://www.epa.gov/region4/waste/ots/ecolbul.htm

US EPA, Region 5. Ecolog cal Screening Levels, August 23 2003.
US EPA Current National Recommended Water Quality Criteria - http://www.epa.gov/waterscience/criteria/wqcriteria.html
NOAA Screening Quick Reference Tables (SQuiRTS), updated September, 1999

Four County Lundfil l Five Year-Review Page2 of2
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TABLES
(Note: These tables are numbered as they were originally presented in the FS Report.)



TABLE 4.1

SUMMARY OF PRELIMINARY REMEDIATION GOALS
FOR VOLATILE ORGANIC COMPOUNDS

OFF-SITE GROUNDWATER
FOUR COUNTY LANDFILL SITE

FULTON COUNTY, INDIANA

Analyte1 Preliminary Remediation Goal
for Grotmdwater (micrograms per Liter)2

Benzene 5.0
Carbon tetrachloride 5.0
1,2-Didiloroethane 5.0
Vinyl .chloride 2.0

1. Represents volatile organic compounds detected above primary

Maximum Contaminant Levels (MCLs) in off-Site groundwater samples.

2. Represents primary MCLs promulgated as of September 2000.

5369(261



TABLE 4.2

POTENTIAL CHEMICAL-SPECIFIC ARARS
FOUR COUNTY LANDFILL SITE

FULTON COUNTY, INDIANA

Potential Chemical Specific Requirements Citation

Water Quality Standards (Indiana) 327IAC2

Groundwater Protection Standard 40 CFR 264.92

National Primary and Secondary Drinking 40 CFR 141
Water Regulations

National Secondary Drinking 40 CFR 143
Water Regulations

Public Water Supply; Drinking Water Standards 327IAC 8-2

CRASI«9(26)



Locution

TABLE 4.3

POTENTIAL FEDERAL AND STATE LOCATION-SPECIFIC ARARs1

FOUR COUNTY LANDFILL SITE
FULTON COUNTY, INDIANA

Requirement Citation

Page 1 of 2

Applicable,
Appropriate
or Relevant

Within 100-year
floodplain

Facility must be designed, constructed,
operated, and maintained to prevent •washout.

40CFR264.18(b);
3291AC3.1*

NA

Within floodplain Action must avoid adverse effects, minimize
potential harm, and if necessary, restore and
preserve natural and beneficial values of the

floodplain.

Executive Order
11988, Floodplain
Management, (40 CFR
6, Appendix A)

NA

Within floDdplain in
Indiana

Action must avoid adverse effects, minimize
potential harm, and restore and preserve
natural and beneficial values of the
floodplain.

Construction of abodes or residences is
prohibited and prior approval of the IDNR is
required for other types of construction,
excavation, or filling in or on a floodway.
This includes but is not limited to construction
of a fence, water treatment facility, dredging,
and/or dewatering in a floodway.

Indiana Flood
Control Act
(13-2-22)

NA

Wetland Action must minimize the destruction, loss, or
degradation of wetlands and to preserve the
value of wetlands.

Discharge of dredged or fill material into
wetlands without permit is prohibited. Water
quality certification may also be required from
IDEM.

Executive Order
11990, Protection of
Wetlands, (40 CFR 6,
Appendix A)

Clean Water Act,
Sections 401 and 404;
40 CFR Parts 230,231

Yes



TABLE 4.3

POTENTIAL FEDERAL AND STATE LOCATION-SPECIFIC ARARs1

FOUR COUNTY LANDFILL SITE
FULTON COUNTY, INDIANA

Page 2 of 2

Location Requirement

Critical ha bitat upon Action to conserve endangered species or
whilch endangered threatened species, including consultation
s]>eaes or threatened with the Department of Interior
species depends

Near a coastal zone Protect land and waters of coastal zones.

Near a designated
coastal barrier

Near a Rxlerally-
owned aita
designated as a
wilderness area

Near a National
Wildlife Refuge
System

Minimize the damage to fish, wildlife and
other natural resources associated with the
coastal barriers.

Protect and preserve Federally designated
areas as "wilderness areas".

Conservation of fish and wildlife including
species that are threatened.

Citation

Endangered Species
Act of 1973
(16USC1531eLSeq.);
50 CFR Part 200;
50 CFR Part 402
Fish and Wildlife
Coordination Act
(16USC661et.seq.);
33 CFR Parts 320-330.

Coastal Zone
Management Act
16 USC1451

Coastal Barrier
Resources Act,
16 USC 3501

Wilderness Act,
16 USC 1131

Wildlife Refuge,
16 USC 668 dd;
50 CFR 27

Applicable,
Appropriate
or Relevant

NA'

NA

NA

NA

NA

Notes:
'Modified from Exhibit 1-2 of USJEPA's Draft Guidance CERCLA Compliance With
Other laws (August 1988).

2As of I'ebruary 1992, Indiana adopted new hazardous waste rules titled 329IAC 3.1,
which udopt by reference the Code of Federal Regulations (40 CFR 260 through 270). The State rules
generaly only cover the administrative procedures while the federal rules cover the standards for
RCRA generators and treatment, storage, and disposal facilities.

'The National Heritage Program identified a species of mudpuppy listed as a State rare species in a
wetland in the vicinity of the landfill.

i:RA53*9«6)



TABLE 4.4
, .o f6

Actions

POTENTIAL FEDERAL AND STATE ACTION-SPECIFIC ARARs*
FOUR COUNTY LANDFILL SITE

FULTON COUNTY, INDIANA

Requirement Citation

Air stripping

Construction
Activity

Dire<:t discharge
of treatment
system effluent

CKA5369I26)

Design system to provide odor-free operation.

Total organic emissions from air strippers be reduced below 1.4 kg/hour or 2.8 Mg/year
(3 pounds/hr. or 3.1 tons/year); or that organic emissions be reduced 95 percent by weight

Register with Commissioner of the State of Indiana to include estimation of emission rates for
each pollutant expected.

Verify through emission estimates and dispersion modeling that hydrogen sulfide emissions
do not create an ambient concentration greater than or equal to 0.10 ppm: Emissions
sbmdards for Hazardous Air Pollutants (HAPs)

Rixluce VOC emissions using best available control technology (BACT) for facilities
potentially producing emissions of 75 tons or more per year

Verify facility specific MACT determination for sources of Hazardous Air Pollutants greater
thiin 10 tons per year.

Prevent sijpnificant deterioration using best available control technology, air quality analysis,
and an analysis on visibility, soils, and generation for emissions greater than 25 tons per year
(TP'O of peculate matter, 20 TPY for particulate <10 microns, 40 TPY VOCs, and 0.6 TPY
lead.

Follow RCRA generator standards for manifesting, handling, record keeping, and
accumulati on times for waste water, if determined to be hazardous.

Stonnwater runoff associated with construction activity.

Fugitive dust emissions during construction activity

Applicable federal water quality criteria for the protection of aquatic life must be complied
with when environmental factors are being considered.

CAA Section Id2

40CFR264AA

40 CFR 522; 326IAC 2-1-2

40CFR61;326IAC14

326 IAC 8-1-6

326IAC 2-1-3-4

40 CFR 131

40 CFR 262.10-262.44; 329 IAC 3.1-T3

327 IAC 15-5

326 IAC 64

50 CFR 30784



Actions

Direct discharge
of treatment
system effluent
(continued)

TABLE 4.4

POTENTIAL FEDERAL AND STATE ACTION-SPECIFIC ARARs1

FOUR COUNTY LANDFILL SITE
FULTON COUNTY, INDIANA

Requirement

Applicable federally approved state water quality standards must be complied with. These
stodards may be in addition to or more stringent than other federal standards under the
CWA.

Hie discharge must be consistent with the requirement of a Water Quality Management Plan
approved :>y EPA under Section 208(b) of the Clean Water Act.

Use of bes: available technology (BAT) economically achievable is required to control toxic
and nonconventional pollutants. Use of best conventional pollutant control technology (BCT)
is required to control conventional pollutants. Technology-based effluent limitations may be
determined on a case-by-case basis. In some cases, the permit limit for a conventional
pollutant r aay be more stringent than BCT.

Discharge [imitations must be established for all toxic pollutants that are or may be discharged
at levels greater than those that can be achieved by technology-based standards.

Discharge of pollutants must conform to bask NPDES requirements

Discharge must be monitored to assure compliance. Discharger will monitor:

The mass of each pollutant limited in the permit discharged;
The volume of effluent discharged from each outfall; and
Frequency of discharge and other measurements as appropriate.

The following records must be maintained:

Date, place, and time of sampling or measurements;
Pereon(s) who performed sampling or measurement;
Date(s) analyses were performed;

Pag, .of6

Citation

CWA Sections 301,302,303,307,318
and 405; 40 CFR 122.44 and state
regulations approved under 40 CFR
131; 327IAC 5-2-10; 327IAC 2
CWA Section 208(b); 327 IAC 5-2-10*

40CFR122.44(a)
327 IAC 5-5-2

40CFR122.44(e)

327 IAC 5-2-2

40 CFR 122.44(i); 327 IAC 5-2-13

CRASM9CW)



TABLE 4.4
Pagv cf6

Actions

Direct discharge
of treatment
system effluent
(continued)

POTENTIAL FEDERAL AND STATE ACTION-SPECIFIC ARARs1

FOUR COUNTY LANDFILL SITE
FULTON COUNTY, INDIANA

Requirement

Pter,son(s) who performed analyses;
Analytical techniques or methods used; and
Results fo;- measurements and analyses.

The disch.irge monitoring reports (DMRs) must be submitted to IDEM as required by the
permit (at least annually).

Approved test methods for waste constituents to be monitored must be followed. Detailed
requirements for analytical procedures and quality controls are provided.
Peijrut application information must be submitted, including a description of activities, listing
of environmental permits, etc.

Comply with additional permit conditions such as:

Duty to mitigate any adverse effects of any discharge;
Report to IDEM violations of maximum daily discharge for certain pollutants within 24
hours; and
Proper operation and maintenance of treatment systems.

Develop and implement a Best Management Practices (BMP) program and incorporate in the
NPDES pe:mit to prevent the release of toxic constituents to surface waters.

The BMP p rogram must:

Establish specific objectives for the control of toxic and hazardous pollutant spills;
Include a prediction of direction, rate of flow, and total quantity of toxic pollutants where
experience indicates a reasonable potential for equipment failure; and
Prescribe sample preservation procedures, container materials, and maximum allowable
holding times.

Citation

327IAC 5-2-14; 40 CFR 122.410)

327IAC 5-2-15

40 CFR 122.44(i); 40 CFR 136;
327IAC5-2-13(c)
40 CFR 122.21(f)

40 CFR 122.41; 327 IAC 5-2-8

40 CFR 125.100; 327IAC 5-9

40 CFR 125.104

40 CFR 136.1-136.4; 327 IAC 5-M3(c)

CIA 5369 CK)



TABLE 4.4
Page * of 6

Actions

POTENTIAL FEDERAL AND STATE ACTION-SPECIFIC ARARs1

FOUR COUNTY LANDFILL SITE
FULTON COUNTY, INDIANA

Requirement Citation

Discharge to
po:rw

Discharge to
POTW

Operation and
maintenance
(O&M)

Pollutants that pass through the POTW without treatment, interfere with POTW operation, or
contaminate POTW sludge are prohibited.

Specific prohibitions preclude the discharge of pollutants to POTWs that:
Create t. fire or explosion hazard in the POTW;
Are corrosive (pH<5.0);
Result in the presence of toxic gases, vapors or fumes in a quantity that may cause health
and safety problems;
Obstruc: flow resulting in interference;
Are discharged at a flow rate and/or concentration that will result in interference; and/or
Increase the temperature of wastewater entering the treatment plant that would result in
interference, or raise the POTW influent temperature above 104°F (40°C).

Determine acceptable degree of pretreatment for certain industrial wastewater prior to
discharge rito a POTW

Discharge must comply with local POTW pretreatment program, including POTW-specific
pollutants, spill prevention program requirements, and reporting and monitoring
requirements.

RQLA per jut-by-rule requirements may be applicable to discharges of RCRA hazardous
wastes to POTWs by truck, rail, or dedicated pipe.

Post-closure care to ensure that site is maintained and monitored.

Develop Contingency Plan and Emergency Procedures to minimize potential hazards from
fires; explosions or any unplanned release during closure and post-closure status.

40 CFR 403.5; 327IAC 5-11-1

40CFR403.5(b);
327IAC5-12-2(b)

326 IAC 2-1-3-4

40 CFR403.5,40 CFR403..8 and local
POTW regulations

40 CFR 264.71; 40 CFR 264.72; 40 CFR
262; 40 CFR 270.60(C); 40 CFR. 264.1;
40 CFR 261.3(A)(2)(IV); CWA Section
402 or 307(b); 329 IAC 3.1-73

40 CFR 264.118 (RCRA Subpart G);
329IAC3.13

40 CFR 264 (Subpart D)



Actions

Security

Sluny wall

Surface water
control and
discriarge

Treatment

TABLE 4.4

POTENTIAL FEDERAL AND STATE ACTION-SPECIFIC ARARs1

FOUR COUNTY LANDFILL SITE
FULTON COUNTY, INDIANA

Requirement

Sites should be secured in accordance with this rule which:
1) Re quires prevention of unknowing and unauthorized entry of persons or livestock if

physical contact with the waste, etc. could cause injury or, if disturbance of the waste,
etc. would cause a violation.

2) TTi e facility must have either: A 24 hour surveillance system which continuously
nwmitors and controls entry or an artificial or natural barrier which completely
surrounds the active portion and a means to control entry (i.e., a lock) at all times,
through the gates or other entrances to the active portion.

3) "Danger - Unauthorized Personnel Keep Out" signs are required at each entrance and
other locations sufficient to be seen from any approach, legible from a distance of at
least 25 feet.

Excaivation of soil for construction of slurry wall may trigger cleanup or land disposal
restrictions.

Prevent run-on, and control and collect runoff from a 24-hour, 25-year storm during closure
and post-closure status.

Management of stormwater run-off associated with Construction Activity, and stonnwater
run-off associated with industrial activity.

Prepare furtive and odor emission control plan for this action.

Establish p:rocedures for review of construction and operation of any source that has the
potential to emit criteria air pollutants. Register with Commissioner of the State to include
estimation of emission rates for each pollutant expected.

Vei-ify through emission estimates arid dispersion modeling that hydrogen sulfide emissions
do not crea :e an ambient concentration greater than or equal to 0.10 ppm: Emissions
Standards for Hazardous Air Pollutants (HAPs)

Pag.. -. of 6

Citation

40 CFR 264.14

329IAC 3.1-9

See Excavation in this table.

40 CFR 264.301(f)(g)(h)(i);
329 IAC 3.13

327 IAC 15-5
327 IAC 15-6

CAA Section 101Z; 40 CFR 52:z

40CFR522;326IAC2

40 CFR 612; 326 IAC 14

CRA 5369 (2.6)



TABLE 4.4

POTENTIAL FEDERAL AND STATE ACTION-SPECIFIC ARARs1

FOUR COUNTY LANDFILL SITE
FULTON COUNTY, INDIANA

Actions Requirement

Excavation Develop fugitive and odor emission control plan for this action if existing site plan is
inadequate.

Particular emissions from earth moving and material handling activities must be controlled,
such that no visible emissions cross the property line and the increase in upward/downward
total susp(!nded participate concentration is limited to 50 ug/nv*.

Register with Commissioner of the State to include estimation of emission rates for each
poll utant i scpected.

.of6

Citation

CAA Section 1012; 40 CFR 523

326 LAC 6-4

40 CFR 52; 326IAC 2-1-2

Notes:
1 Modified from lS>Wbit 1 -3 of USEPA's Draft Guidance CERCLA Compliance With Other Laws (August 1988) and Exhibit 1-3 of CERCLA

Compliance With Other Laws, Part E (August 1989).

2 All of the Clean Air Act ARARs that have been established by the Federal government may l>e covered by matching State regulations. The
State may have the authority to manage these programs through the approval of its implementation plans (40 CFR 52).

3 As of February 1992, Indiana adopted new hazardous waste rules titled 329 IAC 3.1, which adopt by reference the federal regulations 40
CFR 260 through 270. Therefore, any reference to these CFR citations implies coverage under the State rules. The State rules generally only
cover the administrative procedures while the federal regulations cover the standards for RCRA generators and TSD facilities.

'* Tank storage requirements are for the storage of RCRA hazardous waste. A generator who accumulates or stores hazardous waste on site
for 90 days or less in compliance with 40 CFR 262.34(a)(l-4) is not subject to the full RCRA storage requirements.

Key:
CAA
CFR
CWA
IAC
TSD

Clean Air Act
Code of Federal Regulations
Clean Water Ac:
Indiana Administrative Code
Treatment, Storage, and Disposal

CKA53W126)
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TABLE 4.2
VALUES USED FOR DAILY INTAKE CALCULATIONS - OROUNDWATER RESIDENTIAL IRRIGATION USE SCENARIO

FOUR COUNTY LANDFILL
FULTON COUNTY, INDIANA

Scenario Tlmeframe: CwmrfFitue
Medrum: 3roun*vetar tot Irrigation Use
Expoeure Madunt FiuKe/VegHtahlai
Expoeure Port Ingeetlon
Reoeptor PopuMtarc Reaktoritlal
Receptor Age: ChMren and Aijute

!̂ ioaure Route

Inoeatfon

Pvmmatof
Code

CW
IHw-cnld
IR -̂adul
IR^-ohld
IR^-adut

CF
EF

ED(ohllo)
ED(aoUQ
BW-ched
BW-aduR

AT-C
AT-N (cMd)
AT-N (adul)

%IRR
MC

PaianiMerDeAilllon

Chemlaal Coroailmtlon In Jraundwater
Inpaaoon Rail, lor Fa*
Incieattan Rctii lac Fru»
Intiaatkin Rafc. fcr Va0etabl i
Inpeatton Ratn lor Vepetabl i
I-. iiJii, , i,j— ifctrriKDon inwHt
ConvaralonFoctcir

ExpoaureFmiucncy
Exooaur* Duutfcr,

Ewoaure Duratlcn
BodyWelgM
BcdyWelgM
Averaghia Tin* (oanoer)
Avaraglno Tine (non-oano* 4
Avwagmg Tina (mrMenoai)
Pereent Irrfgetlor
McWure Cortert of FrJta/N 'egetaMee

Una*

mgA.
KgAneel
koAneal
kgAneel
ta/mael
unllaaa

L/kg
maato^ear

yean
yeva

kfl
KB

day*
daya
day.
VI 00
WOO

RME
Value

SeeSeoUonSTabha

0.294
0.305
0.240

0.648
0.4
1

360

e
24
16
70

26,550
2,190
8,760
0.60
0.9

RME
Rationale/

SeeSeotkmSTablee
EPA, 1887
EPA, 1997
EPA. 1887

EPA.18B7
EPA, 1991

EPA, 1891

EPA, 1991

EPA, 1991

EPA. 1881
EPA, 1881
EPA, 1981
EPA, 1968
EPA. 1989
EPA, 1989

Protoealonal Judgement
EPA, 1997

CT
Value

See Section 3 Table*
0.108
0.092
0.111
0.264

0.4
1

360

6

3

16

70

26.660
2,190
1.096
0.15

0.8

CT
Rational*/
Reference

See Section 3 Table*
EPA. 1997
EPA. 1987
EPA, 1987
EPA, 1987
EPA, 1991
EPA. 1981
EPA. 1991

EPA, 1991
EPA, 1881
EPA, 1991
EPA, 1881
EPA, 1999
EPA, 1988
EPA. 1988

Profeaalonal Judgement
EPA, 1897

Intake Equation'
Model Name

CO (mg/kohfcy) •
(CW x % IRH x MC) x CF x (IR^Kf IR^ x Fl x EF ;< ED x 1«W x 1/AT

EPA, 1888

Source*:
EPA, 198ft RM Aanaemenl Qukfence lor Suf •erlunl Vol I: Human Health Evaluation Manual, Part A OERR EPAJ54O-1-8WXKL
EPA, 1981: HWt Aaeeumanl Outdance (01 Sup «f1und. Vol 1: Human Health Evaluation Manual - Supplemental Outdance, Standaid DefauH Exioain Faolora. Intertm Final. OSWER Oraotlve 0286.643.

EPA. 1007: E>qiiiamFaatonHanolMofc.EPA/M(if>46«oa:,Ai«u»l 1087.

OA93M(B>



TABLE 4.3
VALUES USED FOR DAILY INTAKE CALCULATIONS - WORKER EXPOSURE TO VOLATILE EMISSIONS FROM IRRIGATION SYSTEM

FOUR COUNTY LANDFILL
FULTON COUNTY. INDIANA

Expeaura Route

InhftMnMi

ScMwtoThwIrKna: Cunwtf Fuluw
Medium: Qromtaatar
Exposure Medhirr Ambient Air
Exposure Point Inhalalbn
tooaptor Population Wortor
Receptor Age: AM

Paramater
Coda

CA
INR
ET
EF
ED
BW
AT-C
AT-N

Parameter DeffrtUon

Modelled Ctmtienliatlon 1 1 Air
Inhalation Rafci
lixpoeura TIKI
Expoeura Frequency
lixpoeura Dunfcn
Uody Weight
Averaging ?lnw (earner)
Avaraglng llm» (non-can »)

Unto

mgfa3
maAvur
hoimUay
dayuyw

yaan

Kg
daya
daya

RME
Vakw

AppandhA
3.5
4
00

25

70

26,560
0,126

RME

RattonaJa/
Rataranoa

AppsndxA
EPA. 1807

Protaaatanal Judgamanl
Preteialonal Judgatnanl (1)

EPA. 1891
EPA, 1981

EPA, 1888

EPA, 1MB

CT

Valua

Append* A
1.3
2

46

•
70

26.660
3,286

CT

FW tonal*/
Rafaranoa

AppandbcA
EPA. 1887

Protewlorwl Judgacnant
Protenlonal JudBamant (1)

EPA. 1881
EPA, 1881
EPA, 1888
EPA, 1888

Inlaka Equation'
Modal Narria

GDI (mo/kd-day) •
CWxINRxETxEFxEDxiaWxIAT

EPA, 1988

(1) Pnfaailonal fudgmant Band en local agricullural Morn iallon, giowlna aaaaon oould axtond to a inaxlmum length of 160 daya In any glvan yaar. Howavar. ttila aoanarto anumaa
a weilmr htgaUnq orapa only dialog th«dr/» jr»n»f aai ion which la aaaiimadto ba 80 daya. Thaialora, II la aaaumad that lirlgaVonoooun dally during the dry aummar month! of 80 day* (RME),
and awefy olhar day durkig the tky aunvner mrtna or 46 daya (CT).

Snuraea:

EPA. 1888: RMi Anaanmant Qukhnoa far Supeilund. Vol. I: Human Health Evaluation Manual, Part A OERR. EPA/640-1 -aa-txa.

EPA. 1881: RWt Aiaanmant Qukhnoa for Suowfund. Vol I: Human HaaHh Evaluation Manual - Supplamantal QuUanca, Standard DateuK Expoaura Faoton. InHdm Final. OSWER Omdlva 8286.6-03.

EPA. 1887: Expoaura Factwa Handbook, EPAWJOP-8SOOSF, Augurl 1887.



TABLE 4.4
VALUES USED FOR DAILY INTAKE CALCULATIONS • EXPOSURE TO CONTAMINATED MEAT

USING QROUNDWATER AS ANIMAL WATER SOURCE
FOUR COUNTY LANDFILL

FULTON COUNTY. INDIANA

Scenario Tknelrame: Current/ Future

ktadurrr QnundwatorwAriiralWitarSauoc
Expomre Medium: BeaWork/Pouluy
=>ipo«ure Port Inoertcn
toceptor Population: F:armara
^eoeptof Age: Children «nd Addto

jpovin Route

InQMition

Parameter
Code

c_

BWohW
IR»«,.«du»

n
EF

EO-C(oMd)
ED-C(adJt)

ED-NC
BW-chUd
BW-aduH

AT-C

AT-N

Peramrtei DeflnUan

Cherrt jel ConcenireHon In Mai 1
IngaaUm Rate for Muat
Inoeattjn Rate for Mnat
Fraction Intake
BqxMre Fnquaray
afMain DuraVon
EifMrnn Durattori
Bciaaira Dmtton
BodyWalgM
BodyWWflN
Avw*(lng Tim* (caiuai)
Avarag^ng Time (ron-oanoar)

Unto

rngftg

KgAiiay

kB*%

unllaH
maalâ rur

yaara
yean
yaare

Kg
kg

day*
daya

RME
Vah*

01
o.i:»
0202
0.44
350
e
»i
e
1(i

7(1
26,i«0
2.11(0

Rattonala/
Ratoranca

(t)
EPA. 1987

EPA. 1087

EPA. 1984

EPA, 1891

EPA. 1991

EPA. 1891

EPA. 1891

EPA, 1991

EPA, 1881

EPA, 19«9

EPA. 1988

CT
Valua

m
0.067
0.137
0.44

360
6
3

e
16
70

26.660
2.180

CT
Rationale/
Raference

(1)
EPA, 1907

EPA, 1997

EPA. 1984

EPA, 1991

EPA. 1991

EPA, 1991

EPA. 1991

EPA. 1881

EPA. 1891

EPA. 1989

EPA, 1988

Make Equation'
Modal Name

CDI (mpvkd^ay) «
CM X IR^ X Fl x EF x ED X 1£W x 1/AT

EPA, 1988

1) Votitta COCa are rat oorakfared bkiaocumulMve and tharef ye, will not be evaluated. Qualitative desouulom are provided In the main text of the rttk aeuaamant.

Jouron:
•PA. 1988: RM<
•PA.1991:Rlal<A

OurdancefotSupartind. Vol 1: Hi man HeaMh Evaluation Manual, Part A OERR EPAWO-l-
OuManoa for Sî nrtind. Vol 1: Hi man Haatth Evaluation Manual - Supplemental Ouldanoe. Standard Default Eipoeum Factom. Interim Final. OSWER DUeouVe 9205.6X13.

=PA. 1984: ExjKxure Aaaaaamanl Qukjanoa for ROfM Hazardo a Watte Cornbuedor, FaoHllat. EPA 530-fW4<21, Solid Waale and EmorgenoyReapooia.
EPA. 1997: ExFoaum Faotora Handbooli. EPAABOaP-IKOuJF. A uguet 1997.
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TABlEiS
OCCUflRBKE, OBTRDUTION WO SELECTION OF CHBHCAL* OF POIMTUL CONCERN FOR OnOUNDWATSf

EAST DOWNOnADon SECTOR
FOUR COUNTY LANCFILL

FULTON COUNTY. MNANA

aomntoTliwtanr OmnVFiitn

tognUti, DMIU nid t*

CAS O Î MMnOoKOTtrakn P) ScrMnhg

CrtHri*

DiMon

<M«>l)»3P«ll»«

71-434

75-274

74-83-1

57-9M

100414

133040-7

106464

1.1

0.72

t»

0.64

O»l

044

an
4.1

U0A.

u»4.

aa-epssc-is)

QM(l»aC-13)

207

«*7

1*7

1*7

6*7

UJ-7.4J

0-S3J-OJ6J

O85J-4.1J

0.64 J

041J

OJ4J-0.8BJ

6.14

0274

0104

OJ1B

0.711

OSCS

0-810

0511

8

100

NA

100

700

10000

1000

FO

iac
ISC, IFD

B9C.IFD

7440-70-2

743MO-6

743M64

•4W-89-5

744040-7
7440-2*8

Ctttnt

O.O11

0.026

85

aozi
i
3

ma*. MW-102(OW«C-1S2)

0,14

140

0.12

3.6

67

M
•M

14fl4

16/16

14/W

14/14

M

14/14

0.011

0.026-al4

M-140J

OBJ-44J

31-68

0.021 -0.11

1-1.6

3-67

000362

0.061

•3.1

477

426

oasm

1.65

0.003K

0.108

«5.3

3.06

38.!

0.0607

1.9

7.62

0.08

2

NA

NA

NA

riA
NA

NA

B3C.BBC

BSC, BBC

:,NTX.NUT

iBC.NTX.NUT

SBC

aBC.NTX.NUT

BBe,NTX,NUT

744046-2

74404V-3

'440-70-2

744046-7

7782-404
7440-2S4

OJ006

a027

60

aw
32

0.022

1.1

0.006

0.012

ai4
140

4.6

68

0.1*

4.2

IK01

•ng*.
«•*.
Dig*,

mg*.

mg*.
mg*.
mat

MW-102(aNy-SC-162|

UW-103 (OW40.1S1)

MW-103(9W40-1S1)

14fl4

M

14/14

M

1/6

aooe-oow
ao27-0.14

60-140

O.U-4JJ

1.1-44
0.006

0.0062

0.0613

•3

11
413

aos7»
2.02

0.00105

its

0.003M

alia

04.8

its
35.5

0.0606

2

NO

9.63

0.06

2

NA

NA

NA

NA

NA

0.08

NA

BSC, BBC

BSC, BBC

BBC.NTX.NUT

SBC

i.NTX.NUT

BBC

BBC.NTX.NUr

BSC

BBC.NTX.NUT

0)
(2)

nffen.

QS-1,QS-iOM,aS-7

(4)
(5)

Akom 2
*igCilMon(ASC)
t» M«n BJCtjroimd Cw

81 » Pn**t. Hunwi Coctugw «HI kMtod MUM* In hum«n«
B2 . PMMMi Hun«i CMkwgw «Mi •gfld«« «M«c* h wKw*
C - POM** Hunun CKJM)«n nlti IMM wUnc* h ntn*
D « Not CMtad • 1o Humm Cvdmgtnleky
J > AwootaM w*j. b MtnuMd

«(ABC)

BHowSoMiillig CHWCB (BSC)
BMW 2«mM tw MMH Bickgraund CwMMtan (BBC)

JFD)

ND«NotMMM
-.N<XAfp8MM>
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TABLE 2.3

NOflTTH DOWNQRAOIENT SECTOR
FOUR COUNTY LANDFILL

FULTON COUNTY, INDIANA

<3AS

Nuirbv

107-OS-2

87-84-1

71-43-2

75-15-0

5C-23-C

75-00-3

B7.»»-3

75-09-1

100-41-4

133040-7

B6-474

10646-3

75-01-4

14797-55-*

153446-5

743M04

7440-3C4

7440484

M40-3S-3

M40-70-2

7440-47-3

743B-89-6

M39-S2-1

M3946-4

7439-964

744042-0

744048-7
744023-5

SMMrionmHrnc OmnrFutn
IfMurcOraundittir

ChmM

KfiC*

1.2-OcMocmtum

to«tn>

Bmm

CM>aiDM6d>

CvtxnTcncHafM*
nJr-Vl-̂ i-BiajTNvwiiWM

CNorctam

DkMuiuiiminn*

Elvtwan.

•jtXytew

»X»lm

Tokum

MnylCMaU*

BtBlfll CtltllfttY

NrtlM

•rat*mti*f

Afltmay

Amria

Balum

C**m

Xvtmm

Iron

LMd

Mwkm

MBignw*

NkM

Pnlî iin

Sedum

MMnun 0^

DMd*l

Camnrakn

•3

10

•3.

;•->
:is
.8

081

1.1
075

055

087

1.1

065

0.02

0.01(76

c.oe
0.136

o.xe
O.J15

78

o.gee
0.062

0.011

18

O.CM1

0017

).94

1i

MHmn

Qudrtar

J

J

J

J
J
J
J
J

J

J

J

J

J

J

IMnun M

Mattd

CmnMkn

2000

16

58

460

19

340

86

2

1.5

10

8

\3.

0.579

1.7

0X11

0.15

150

25

SO

OM

1.4

85

ttodmum

Qudta

J

J

J

J

IMto

Ufll

•tnflugiL

upa.
U0L

ugfL

ugTL

ugl

ug(L

ugl

ugl

wgl

Ufll

ugfL

ugl

*mgn.

*mgl

mgtL

mgl

mgl

mgl

rngfL

m»>L

mgl

mfll

mgl

mgl
mgl

LecMon

ofMBdimm

Ctnxntdkn

MW-114(QW-SC-167)

QS-128 (Q6-QC-40)

MW-113(GW-6C-168)

MW-11<(QW-OS-222)

MW-113(OW-KO-07)

MW-113(QW-SC-88)

MW-124 (OW-8C-J1)

MW-I13(OW-KO-07)

MW-113(OW-eC-168)

aS-128(GSSC-48)

GS-12t(GS-8C-48)

as-i26(as4CM8)
Mw-UB(aw-C8-aoi)
MW-124 (ow-ac-ei)

MW-121 (OW-OS-%15)

MW-108 (QW-SC-75)

MW-126 (GW-OS-S02)

MW-109(OW-aC-164)

MW-126 (OW-DS-201)

MW-110 (OW-SC-172)

MW-11«(QW-OS-21«)

MW-121 (QW-OS-215)

MW-108 (OW-aC-165)

MW-119(OW-OS418)

Mw-ii9(aw-os-eiq
MW-126 (QW-6C-67)

MW-121 (OW-DS-215)

MW-113(GW-eC-1M)

MW-119 (GW-DS-218)

DriKdcn

Fnqumair

P)

IS/49

3/49

2/43

10/49

3/49

5/49

1/49

10/49

4/49

1/49

Z/23

1/23

2149

5/49

W37

2/17

5133

1/15

3/15

15/15

32/32

1/15

36/37

1/15

3Z/32

32/32

1/15

15/15
32/32

Fujngcal

Dctolon

(2)

1.3-2009

83 J- 16

10-58,1

1.2-480

2JJ-1S

2i-340J

1.8

a»u-«6
1.1 -2J

0.7SJ

0«J-1.5

0.87 J

1.1 J- 10

0.65J-8

0.02-1.2

0.0376-0.579

0.094-1.7

0.036

0.006-0.01

0.015-0.15

784-160

0.026

0.0624-96

0.011

18-50

0.0061 J. 0.94

0.017

044-5.4

1.64-65

M-rCcr̂ nt-a,

UMd1or8cra«nlng

(2)

118

6.47

9.72

25.6

1.41

12.5

O.S28

9S2

0.866

0.806

0.546

0.516

1.01

1.19

0.0848

0.0604

0.194

0.0163

0.00359

0.0757

102

0.0064

3.8

a 00307
34

0.171

0.0068

224
12

M.-1 (3)
BtKtStfW^d

Ctfioî frMon

-
^
-
-
-
-•
-
-
-
-
-
-
-

NO
ND

0.083

0.0195

0.00385

0.109

95.3

NO

3.06

ND
35-2

0.0*07

ND

1.9

7.«

GcrMring (4)

CltWII

S B2

MA D
NA D

5 A

NA NA

5 B2

NA NA

TOO B2

5 B2

700 D

10000 D

10000 D

1000 D
2 A

10 NA
1 NA

NA D

0.006 D

0.05 A

2 D

NA D

0.1 D

NA D

0.016 62

NA D

NA D

NA D

NA D
NA D

COPC

Fhg

X

n

X

X

X

X

X

X

X

RMondcta P)

Centmlnim

MMon
orSatodon

«1C. FD

-I)

IFD

A8C, FD

TO

A!SC, FD

IPO

BSC
BSC

BSC IFD

BSC

BSC, IFD

BSC, IFD
BSC (6)

BSC

BSC

ABC.FD

BBC:

BSC, BBC

SC.BBC

BO, mx, NUT
BSC:

IBC:

isc;

IBC:. NTX, NUT

«», FD

«(!. FD

n>:.Nur
m'" NUT mj-


