

















adjustment for extrapolating from a subchronic to a chronic exposure (3). The 3-fold duration
adjustment was justified based on the results from the NCI (1978) cancer bioassay which did not
show a distinct worsening of liver effects in rats with age. The NCI study did not examine a full
array of noncancer endpoints and used a different rat strain from NTP, justifying the 3-fold UF for
the duration adjustment.

The dose-response assessment for the cancer effects of 1,1,2,2-tetrachloroethane utilized
the tumor data from the NCI (1978) study in B6C3F1 mice. The tumor incidences for male and
female mice were modeled using the multistage model from the EPA Benchmark Dose Software
Version 1.3.2. The tumor data for both the untreated and vehicle controls were combined for the
assessment. The data for the male mice did not achieve adequate model fit. The ED,,and LED,,
for female mice were 15 mg/kg/day and 8 mg/kg/day respectively. After converting the doses to
HEC values, the slope factors were 4.8 10 (mg/kg/day)™* and 8.5 10 (mg/kg/day)™?, respectively.
The concentration equivalent to a one-in-a-million risk level (10°) (0.4 pg/L) calculated from the
lower bound slope factor was used as the HRL in the analysis of the 1,1,2,2-tetrachloroethane
occurrence data.

9.3  Occurrence in Public Water Systems

The second criterion asks if the contaminant is known to occur or if there is a substantial
likelihood that the contaminant will occur in public water systems with a frequency and at levels
of public health concern. In order to address this question, the following information was
considered:

. Monitoring data from public water systems
. Ambient water concentrations and releases to the environment
. Environmental fate

Data on the occurrence of 1,1,2,2-tetrachloroethane in public drinking water systems were
the most important determinant in evaluating the second criterion. EPA looked at the total number
of systems that reported detections of 1,1,2,2-tetrachloroethane, as well those that reported
concentrations of 1,1,2,2-tetrachloroethane above an estimated drinking water health reference
level (HRL). For noncarcinogens, the estimated HRL level was calculated from the RfD assuming
that 20% of the total exposure would come from drinking water. For carcinogens, the HRL was
the 10°° risk level (i.e., the probability of 1 excess tumor in a population of a million people). The
HRLs are benchmark values that were used in evaluating the occurrence data while the risk
assessments for the contaminants were being developed. The HRL for 1,1,2,2-tetrachloroethane is
0.4 pg/L based on the ¢ equivalent to a one-in-a-million extra risk for tumors.

The available monitoring data, including indications of whether or not the contaminant is a

national or a regional problem, are included in Chapter 4 of this document and summarized below.
Additional information on production, use, and fate are found in Chapters 2 and 3.
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9.3.1 Occurrence Criterion Conclusion

The available data for 1,1,2,2-tetrachloroethane production, use, and environmental
releases all show a downward trend. Between Round 1 (1987-1992) and Round 2 (1992-1997) of
drinking water monitoring, the 99™ percentile concentration for detections for Cross Section
reporting states declined from 112 pg/L to 2 pg/L and the percent of systems with detections
declined from 0.45% to 0.08%. 1,1,2,2-Tetrachloroethane was not detected in ambient U. S.
surface waters in two surveys of VOCs in ground water at a level of detection that was lower than
the HRL. The physicochemical properties of 1,1,2,2-tetrachloroethane suggest that concentrations
in surface water will volatilize to the atmosphere where it is relatively stable. In soils and ground
water, acclimatized bacteria are able to metabolize 1,1,2,2-tetrachloroethane to simpler
compounds. Based on these data, it is unlikely that 1,1,2,2-tetrachloroethane will occur in public
water systems at frequencies or concentration levels that are of public health concern. Thus, the
evaluation for the second criterion is negative.

9.3.2 Monitoring Data

Occurrence data for 1,1,2,2-tetrachloroethane were collected through the unregulated
contaminant monitoring (UCM) program from 1987 to 1997. In Round 1, the percent of public
20,407 PWS with detections of 1,1,2,2-tetrachloroethane was 0.45% for cross section states. For
Round 2 monitoring, 0.08% of 24,800 systems reported detections for the cross section states.
Unfortunately for some states, the analytical method reporting limit (MRL) was greater than the
HRL of 0.4 pg/L. MRL values reported for the states ranged from 0.01 to 10 pg/L for Round 1
and 0.01 to 2.5 pg/L for Round 2. The modal value in both cases was 0.5 pg/L. The median
concentration for the detections in both cases was also 0.5 pg/L. The 99™ percentile concentration
for Round 1 was 112 pg/L for the cross section states. In Round 2, the 99" percentile
concentrations for detections were 2 pg/L for the cross section states. The data show a decline in
the occurrence of 1,1,2,2-tetrachloroethane in finished water between Round 1 and Round 2. The
decline is supported by the fact that the MRL maximum for Round two was lower than that for
Round lincreasing the confidence in the Round 2 results.

Because of the variable MRL values, the number of systems reporting concentrations
exceeding the HRL must be viewed with some caution because not all systems and states were
able to detect 1,1,2,2-tetrachloroethane at the HRL. Accordingly, estimates based on the HRL
may under report the actual occurrence. Detections greater than the HRL occurred in
approximately 0.2% of PWS in cross section states in Round 1. In Round 2, there were detections
greater than the HRL in 0.07% of the PWS in the cross section states. Despite the limitation of the
MRL, the trend toward decreased occurrence of 1,1,2,2-tetrachloroethane in finished water
between Round 1 and Round 2 is clear.

Although 1,1,2,2-tetrachloroethane appears to occur in finished water at least occasionally
throughout the U.S., it does not currently appear to have a distinct geographic pattern. Twenty-
five of 47 States had at least one public water system with at least one analytical detection of this
contaminant. There is also no apparent geographic trend among the States with the highest
proportion of analytical detections. The state with the highest number of detections in Round 2
(the most representative of current conditions) was North Carolina. The States with HRL
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exceedances in Round 2 were Maine, Massachusetts, Michigan, North Carolina, Ohio, Oklahoma,
and Texas. Ohio was the only state that had HRL exceedances in both Round 1 and Round 2.

1,1,2,2-Tetrachloroethane was monitored through the U.S. Geological Service (USGS)
National Water Quality Assessment (NAWQA) program in two separate studies of VOC
occurrence. One survey (Grady, 2003), sampled source waters for community water systems
between 1999 and 2000. The levels of detection (0.2 pg/L) were less than the HRL. 1,1,2,2-
Tetrachloroethane was not detected in any of the samples. The second survey (Delzer and
Ivahnenko, 2003) was conducted during the same time period and focused on source waters that
might be contaminated with methyl tertiary-butyl ether (MtBE). Samples were also analyzed for
other VOCs. Again, no 1,1,2,2-tetrachloroethane was detected.

9.3.3 Use and Fate Data

Prior to the 1980s, 1,1,2,2-tetrachloroethane was commonly used in the production of other
chemicals, primarily TCE, PCE, and 1,2-dichloroethylene (ATSDR, 2006). It was also used as a
metal degreaser and solvent. Production of 1,1,2,2-tetrachloroethane fell from approximately 440
million pounds in 1967 to 34 million pounds in 1974 and commercial production ceased in the
United States by the late 1980s; imports are thought to be minimal (ATSDR, 2006).

Although 1,1,2,2-tetrachloroethane is no longer produced as a commercial product in the
United States, it is still used as an intermediate and/or by-product in the manufacturing of other
synthetic chemicals. It can occur as a trace contaminant in these and other chlorinated alkanes, and
in the waste stream of facilities that produce them. Reports of environmental releases from the
Toxic Release Inventory show a major decline between 1988 and 2001 (U.S. EPA, 2004b). The
reported total releases to the environment in 1988 were 175,000 Ibs, while in 2001 the releases
totaled 5240 Ibs. In all years, releases to the atmosphere exceeded those for land and water. In
2001, only 56 Ibs were reported to be released to surface water.

There is little current information on the levels of 1,1,2,2-tetrachloroethane in
environmental media. The monitoring data from finished water are supportive of a decline in its
presence in the environment. Most of the monitoring data on ambient air are from periods of more
wide-spread use of this material as a solvent. A low log K, indicates that 1,1,2,2-
tetrachloroethane does not accumulate in sediments. Half-life measurements and biodegradation
information suggest that anthropogenic releases of 1,1,2,2-tetrachloroethane from decades ago
have likely been degraded and do not constitute a current problem.

DCA is the primary intermediary metabolite in the mammalian metabolism of 1,1,2,2-
tetrachloroethane. DCA also is a disinfection byproduct in finished water treated with chlorine-
containing disinfectants. Thus, the presence of 1,1,2,2-tetrachloroethane in water that also
contains DCA would increase the total endogenous exposure (internal dose) of DCA. To the
extent that other chlorinated two carbon compounds such as trichloroethylene, 1,1,2-
trichloroethane, tetrachloroethylene, and 1,1, dichloroethane produce DCA during metabolism,
they too would increase endogenous exposure were they to co-occur with 1,1,2,2-
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tetrachloroethane. However, given the low levels of 1,1,2,2-tetrachloroethane found in finished
water, it is unlikely to be a major contributor to total internal DCA exposure.

9.4 Risk Reduction

The third criterion asks if, in the sole judgment of the Administrator, regulation presents a
meaningful opportunity for health risk reduction for persons served by public water systems. In
evaluating this criterion, EPA looked at the total exposed population, as well as the population
exposed to levels above the estimated HRL. Estimates of the populations exposed and the levels
to which they are exposed were derived from the monitoring results. These estimates are included
in Chapter 4 of this document and summarized in Section 9.4.2 below.

In order to evaluate risk from exposure through drinking water, EPA considered the net
environmental exposure in comparison to the exposure through drinking water. For example, if
exposure to a contaminant occurs primarily through ambient air, regulation of emissions to air
provides a more meaningful opportunity for EPA to reduce risk than does regulation of the
contaminant in drinking water. In making the regulatory determination, the available information
on exposure through drinking water (Chapter 4) and information on exposure through other media
(Chapter 5) were used to estimate the fraction that drinking water contributes to the total exposure.
The EPA findings are discussed in Section 9.4.3 below.

In making its regulatory determination, EPA also evaluated effects on potentially sensitive
populations, including the fetus, infants, and children. Sensitive population considerations are
discussed in Section 9.4.4.

9.4.1 Risk Criterion Conclusion

Approximately 5.6 million people were served by systems with detections greater than the
MRL for 1,1,2,2-tetrachloroethane based on the national extrapolations of the results from Round
2 cross section monitoring. A detection in one large system serving a population of 1.5 million
contributed to this total. An estimated 168,000 of these individuals were served by systems with
detections greater than the HRL on at least one occasion.

Drinking water is probably the largest contributor to total exposure in situations where
1,1,2,2 tetrachloroethane is present. Recent levels detected in ambient air have been very low and
it has not been detected in foods. However, even its presence in water is relatively rare. On the
basis of these observations, the impact of regulating 1,1,2,2-tetrachloroethane concentrations in
drinking water on health risk reduction is likely to be small. Thus, the evaluation of the third
criterion is negative.
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9.4.2 Exposed Population Estimates

The variability in the MRL values for both Round 1 and Round 2 data indicate that the
monitoring results must be viewed with some caution and that the Round 2 results are more likely
to give a clearer picture of current occurrence than the Round 1 results. In Round 2, 2.61% of the
population of the cross section states was exposed to 1,1,2,2-tetrachloroethane at least once during
the monitoring period. The exposed population served by surface water systems was far larger
than that served by ground water systems (4.06% vs. 0.09% respectively for the cross sections
states. When extrapolated to a national exposure these results equate to 5 million people exposed
by way of surface water systems and 80 thousand people exposed from ground water systems. A
detection on 1,1,2,2-tetrachloroethane in one large system serving 1.5 million people contributed
substantially to the surface water total.

When looking at the population exposed at concentrations greater than either ¥ the HRL or
the HRL in Round 2 monitoring, the numbers decline (Table 9-1). As mentioned previously, these
values have to be viewed with caution because the modal MRL is slightly above the HRL. The
decline in the populations exposed at %2 the HRL and the HRL in Round 1 versus Round 2 is
additional evidence of the decline in the environmental levels of 1,1,2,2-tetrachloroethane. In
Round 1, the estimated population exposed at % the HRL was about 4 million people the cross
section states, compared to approximately 1 million in Round 2. The Round 1 estimate for
exposure above the HRL in the cross section states was 3.5 million people compared to 168
thousand people in Round 2.

Table 9-1 Populations Exposed to 1,1,2,2-Tetrachloroethane at ¥2 HRL or HRL

System Type Cross Section All States National Extrapolation National
States % Cross Section States Extrapolation All
% States

% HRL

All PWS 0.51 0.44 1,082,000 936,000

Surface Water 0.75 0.63 950,000 803,000

Groundwater 0.09 0.11 80,000 94,000

HRL

All PWS 0.08 0.08 168,000 166,000

Surface Water 0.07 0.06 90,000 76,000

Groundwater 0.09 0.11 80,000 94,000
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9.4.3 Relative Source Contribution

A Relative Source Contribution (RSC) analysis compares the magnitude of exposure
expected via drinking water to the magnitude of exposure from intake of 1,1,2,2-tetrachloroethane
in other media, such as food, air, and soil. In situations where 1,1,2,2-tetrachloroethane occurs in
drinking water, the water is likely to be the major source of exposure, unless there is also
contamination at a local hazardous waste site. There are no national data for occurrence in foods
and ambient air levels have declined in concert with the decline in production and use based on
TRI data. Lack of recent quantitative monitoring data for air, foods, and soils would lead to a
default 20% RSC as described by U.S. EPA (2000f), were a lifetime Health Advisory (HA) to be
developed for noncancer effects.

9.4.4 Sensitive Populations

There are no data that indicate that the fetus is affected by oral exposure to 1,1,2,2-
tetrachloroethane at levels below those that have maternal effects or to inform an evaluation on
whether or not infants or children would be more sensitive than adults. Individuals with
preexisting liver and kidney damage would likely be more sensitive than the general population to
1,1,2,2-tetrachloroethane exposure. To the extent that lipid peroxidation plays a role in the liver
damage caused by 1,1,2,2-tetrachloroethane, low intake of antioxidant nutrients (Vitamin A,
Vitamin E, Vitamin C, and selenium) could be a predisposing factor for liver damage. Individuals
with a genetically low capacity to metabolize dichloroacetic acid might also be at greater risk than
the general population as a result of 1,1,2,2-tetrachloroethane exposure.

9.5  Regulatory Determination Decision

As stated in Section 9.1.1, a positive finding for all three criteria is required in order to
make a determination to regulate a contaminant. In the case of 1,1,2,2-tetrachloroethane, only the
finding for the criterion on health effects is positive. 1,1,2,2-tetrachloroethane may have an
adverse effect on the health of people. Based on monitoring conducted between 1987 to 1997,
1,1,2,2-tetrachloroethane was detected at least once in some PWS, but the number of detections
and the concentrations detected have declined as many of the commercial uses of 1,1,2,2-
tetrachloroethane have been phased out. Accordingly, it appears that 1,1,2,2-tetrachloroethane
does not occur in public water systems at a frequency and at levels of public health concern at the
present time. Based on the low occurrence of 1,1,2,2-tetrachloroethane in the potable water and in
the environment, regulation of 1,1,2,2-tetrachloroethane does not present a meaningful opportunity
for health risk reduction for persons served by public water systems at this time.
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APPENDIX A: Abbreviations and Acronyms

ACTH
AIC
ALA
ALT
AST
ASTER
ATSDR
BCF
BMC
BMCL
BMD
BMDL
BMDS
CAS
CCL
CYP
DCA
EC20
EPCRA
FDA
FEL
FOB
FR

gd
GGT+
GR
GST
HA
HED
HRL
IARC
IRIS
LDy
LOAEL
MRL
MTD
MtBE
NCI
NOAEL
NOEC
NOES
NIOSH
NPL
NTP

adrenocorticotropic hormone

Akaike’s Information Criterion
y-aminolevulinic acid (ALA)

alanine amino transferase

aspartate amino transferase

Assessment Tools for the Evaluation of Risk
Agency for Toxic Substances and Disease Registry
bioconcentration factor

benchmark concentration

benchmark concentration lower confidence limit
benchmark dose

benchmark dose lower confidence limit
Benchmark Dose Software

Chemical Abstracts Registry

Contaminant Candidate List

cytochrome

dichloroacetic acid

effective concentration for a 20% effect

Emergency Planning and Community Right-to-Know Act

Food and Drug Administration

frank effect level

functional observation battery

Federal Register

gestation day

y-glutamyl transpeptidase-positive
green rusts

glutathione-S-transferase

Health Advisory

human equivalent dose

health reference level

International Agency for Risk of Carcinogens
Integrated Risk Information System
lethal dose for 50% of tested animals
lowest observed adverse effect level
analytical method reporting limit
maximum tolerated dose

methy| turt-butyl ether

National Cancer Institute

no observed adverse effect level

no effect concentration

National Occupational Exposure Survey
National Institute for Occupational Safety and Health
National Priorities List

National Toxicology Program
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NAWQA
NOEC
OGWDW
OSHA
PBPK
PCE

PEL

ppb

ppm

ppt
PWS

RCRA
RfC
RfD
RR
RSC
SDWA
SDH
SIC
TCE
TWA
UF
Uuc™M
USGS
U.S. EPA
VLDL
VOC

National Water Quality Assessment

no effect concentration

Office of Ground Water and Drinking Water
Occupational Safety and Health Administration
physiologically-based pharmacokinetic
tetrachloroethylene

permissible exposure level

parts per billion

parts per million

parts per trillion

public water systems

Resources Conservation and Recovery Act
reference concentration

reference dose

relative risk

relative source contribution

Safe Drinking Water Act

sorbitol dehydrogenase

Standard Industrial Classification
trichloroethylene

time-weighted average

uncertainty factor

unregulated contaminant monitoring

U.S. Geological Service

U.S. Environmental Protection Agency
very low density lipoprotein

volatile organic compound
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APPENDIX B: Benchmark Dose Modeling Results for Non-Cancer Endpoints

Benchmark dose (BMD) modeling was performed to identify potential critical effect levels for
derivation of the RfD for 1,1,2,2-trichloroethane. The modeling was conducted according to draft
EPA guidelines (U.S. EPA, 2000c) using Benchmark Dose Software Version 1.3.2 (BMDS),
which is available from EPA (U.S. EPA, 2002). The BMD modeling results are summarized in
Tables C-1 through C-3, with selected output following. The table include results for all the
endpoints and models for which (1) the BMDS model converged correctly, and (2) for which
BMDL and BMDL estimates were successfuly generated.

BMD models were fit for all of the endpoints from the 14-week feeding study (NTP, 2004)
that showed dose-related patterns of severity in rats and/or mice. These included serum alanine
aminotransferase (ALT) and sorbitol dehydrogenase (SDH), as well as blood hemoglobin
concentration, relative liver weight, and sperm motility in male rats. For BMD modeling, we
excluded data from high-dose groups that showed significant body weight differences from
controls and lower dose groups. This was done to exclude the potential that lower food
consumption, generalized systemic effects, or acute toxicity might effect the dose-response
relationships for the critical effects. For rats, this meant excluding all dose groups above 80
mg/kg-day. For female mice, all dose groups above 300 mg/kg-day were excluded, and for male
mice, data from dose groups above 370 mg/kg-day were excluded.

Because the endpoints are continuous variables, the continuous models available with
BMDS (linear, polynomial, power) were used. Because of the small number of data points
available (four for most of the data sets, three for the male mice, the Hill Model was not used to fit
data from the rat and mouse studies. For all of the modeling conducted, the BMR was defined as
an excess risk of 1.0 control standard deviation, the default for continuous data (U.S. EPA, 2000c).

It can be seen from the data in Tables B1-B3, that the rat is the more sensitive species, as
indicated by the lower BMD and BMDL values for rats as compared to mice, and that male rats
seem to be more sensitive than females. For this reason, as noted in Section 8.1.1, the most
sensitive endpoint in male rats (increase in relative liver weight, BMD) was selected as the point
of departure for RfD Derivation. The best-fitting (Linear) model generates a BMD estimate of
13.1 mg/kg and a BMDL estimate of 10.7 mg/kg. Relative liver weight is also the most sensitive
endpoint for female rats (BMDL = 24.2, BMDL = 16.1 with the best-fitting model.)
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Table B-1 Benchmark Dose Modeling Summary for For Male Rats (NTP, 2004)

Endpoint(a) Model p - value AlIC BMD BMDL
ALT Polynomial 0.965 200.09 46.6 29.1
ALT Power 0.944 202.09 46.5 29.5
ALT Linear 0.089 202.92 26.7 20.5
SDH Linear 0.261 157.19 45.7 31.7
SDH Polynomial 0.101 159.19 45.7 31.7
SDH Power 0.101 161.19 45.7 31.7
RLW Linear 0.148 92.26 13.1 10.7
RLW Polynomial 0.059 94.02 11.8 8.5
RLW Power 0.051 96.26 13.1 10.7
HEMO Linear 0.709 -7.36 45.5 31.6
HEMO Polynomial 0.526 -5.65 36.2 17.9
HEMO Power 0.407 -3.36 45.5 31.6
MOT Linear 0.0038 156.32 49.2 32.8

(a) ALT = alanine amino transferase, SDH = sorbitol dehydrogenase, RLW = relative liver weight,
HEMO = hemoglobin, and MOT = sperm motility

Table B-2 Benchmark Dose Modeling Summary for Female Rats (NTP, 2004)

Endpoint(a) Model p - value AIC BMD BMDL
ALT Polynomial 0.96 180.83 86.3 76.1
ALT Linear 0.01 188.74 125.7 59.3
ALT Power 0.03 183.37 79.8 79.8
ALT Polynomial 0.01 185.90 83.1 63.2

(restricted)
SDH Linear 0.44 156.17 167.3 67.4
SDH Power 0.52 156.93 82.4 74.8
RLW Polynomial 0.198 69.89 242 16.1
RLW Power 0.138 72.43 26.0 17.6
RLW Linear 0.003 77.56 13.3 10.9
HEMO Linear 0.068 -28.76 29.4 22.3
HEMO Polynomial 0.205 -30.54 48.7 29.7
HEMO Power 0.211 -28.58 46.0 29.5

(a) See note to Table C-1.
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Table B-3

Benchmark Dose Modeling Summary for Male and Female Mice (NTP, 2004)

MALE
Endpoint(a) Model p - value AIC BMD BMDL
ALT Linear 0.591 253.03 770 169
SDH Linear 0.0004 172.39 76.5 54.1
RLW Linear 0.089 98.64 58.9 43.7
FEMALE
Endpoint Model p - value AlC BMD BMDL
ALT Power 0.627 369.098 206 132
ALT Polynomial 0.513 367.290 194 126
ALT Linear 0.061 370.455 114.1 86.0
SDH Linear <.0001 319.403 56.6 46.0
SDH Power 0.948 300.954 126 95.0
SDH Polynomial 0.912 298.962 127 91.7
RLW Polynomial 0.027 137.941 34.0 254
RLW Linear 0.001 145.446 73.2 58.4
RLW Power 0.000 149.446 73.2 58.4
(a) See note to Table C1.
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BMDS Model Output for Critical Non-Cancer Effect (Relative Liver Weight in Male Rats)

Polynomial Model. Revision: 2.2 Date: 9/12/2002

Input Data File: C:\BMDS DOCS\RE-ENTERED\MALE_RAT.(d)

Gnuplot Plotting File: C:\BMDS DOCS\RE-ENTERED\MALE_RAT.plt
Mon Jul 17 13:45:46 2006

BMDS MODEL RUN

The form of the response function is:
Y[dose] = beta_O + beta_1*dose + beta 2*dose”2 + ...

Dependent variable = MEAN

Independent variable = DOSE

rhoissetto 0

Signs of the polynomial coefficients are not restricted
A constant variance model is fit

Total number of dose groups = 4

Total number of records with missing values =0
Maximum number of iterations = 250

Relative Function Convergence has been set to: 1e-008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
alpha = 3.375
rho = 0 Specified
beta 0=  34.646
beta 1= 0.139757

Parameter Estimates

95.0% Wald Confidence Interval
Variable Estimate Std. Err.  Lower Conf. Limit Upper Conf. Limit

alpha 3.34192 0.747275 1.87728 4.80655
beta_0 34.646 0.447789 33.7683 35.5237
beta_1 0.139757  0.00977156 0.120605 0.158909

Asymptotic Correlation Matrix of Parameter Estimates

alpha  beta 0  beta 1

alpha 1 1le-012 -1.1e-012
beta 0 1le-012 1 -0.76
beta 1 -1.1e-012 -0.76 1
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Table of Data and Estimated Values of Interest
Dose N Obs Mean Obs Std Dev Est Mean Est Std Dev Chi®2

Res.

0 10 348 1.3 34.6 1.83 0.249
20 10 36.7 1.4 37.4 1.83 -1.25
40 10 41 2.7 40.2 1.83 1.37

80 10 456 1.6 45.8 1.83 -0.375

Model Descriptions for likelihoods calculated

Model Al: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma”"2

Model A2: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma(i)"2

Model R: Yi=Mu+e(i)
Var{e(i)} = Sigma”"2

Likelihoods of Interest

Model  Log(likelihood) DF AIC

Al -42.220696 5  94.441392
A2 -38.513709 8  93.027417
fitted -44.130893 2  92.2617/85
R -80.848861 2 165.697722

Test 1: Does response and/or variances differ among dose levels (A2 vs. R)
Test 2: Are Variances Homogeneous (Al vs. A2)
Test 3: Does the Model for the Mean Fit (Al vs. fitted)

Tests of Interest

Test -2*log(Likelihood Ratio) Testdf p-value

Test 1 84.6703 6 <.0001
Test 2 7.41397 3 0.05981
Test 3 3.82039 2 0.1481

The p-value for Test 1 is less than .05. There appears to be a difference between response and/or
variances among the dose levels. It seems appropriate to model the data

The p-value for Test 2 is greater than .05. A homogeneous variance model appears to be
appropriate here
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The p-value for Test 3 is greater than .05. The model chosen appears

to adequately describe the data

Benchmark Dose Computation

Specified effect = 1
Risk Type = Estimated standard deviations from the control mean
Confidence level = 0.95

Mean Response

BMD = 13.0805

BMDL = 10.7147

Linear Model with 0.95 Confidence Level

48 F

46 ¢ P
a4 | - ]
42 - ]
40 | o .
38 _ ]
36 - T :
34 ]
0 10 20 30 40 50 60 70 80
dose

11:36 08/02 2006
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APPENDIX C: Benchmark Dose Modeling Results for Cancer Risk Estimation

Benchmark dose (BMD) modeling was performed to identify a point of departure (POD) for
derivation of the cancer risk estimates for 1,1,2,2-trichloroethane. The modeling was conducted
according to EPA Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a) and draft EPA
BMD guidelines (U.S. EPA, 2000c) using Benchmark Dose Software Version 1.3.2 (BMDS),
which is available from EPA (U.S. EPA, 2002). The BMD modeling results are summarized in
Table D-1, with selected output following. A brief discussion of the modeling results is presented
below. Based upon current EPA policy, only the multistage model was used, with the BMR
defined as a 10% increased incidence over control.

The increased incidence of liver tumors in female B6C3F1 mice given 1,1,2,2-
trichloroethane in feed for 78 weeks (NCI, 1978) was chosen as the endpoint to model. These
results are summarized in Table D-1. Fitting the 2-stage multistage model resulted in a BMD of
14.58 mg/kg-day and a BMDL of 8.22 mg/kg-day.

Table C-1 Benchmark Dose Estimates from NTP (2004) Male Rat Serum ALT
Activity
Chi-square
Model BMD | BMDL p-value AIC?
Multistage (2) 14.58 8.22 0.31 106

®Akaike’s Information Criterion (AIC) = -2L + 2p, where L is the log-likelihood at the maximum likelihood
estimates for the parameters, and p is the number of model degrees of freedom. This can be used to compare models
with different numbers of parameters using a similar fitting method (for example, least squares or a binomial
maximum likelihood). Although such methods are not exact, they can provide useful guidance in model selection.
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Benchmark Dose Modeling Output For 1122-TCE Cancer Endpoint

Multistage Model. $Revision: 2.1 $ $Date: 2000/08/21 03:38:21 $

Input Data File: EABMDS\DATA\TCE-HEPCARC.(d)

Gnuplot Plotting File: EABMDS\DATA\TCE-HEPCARC.plt
Tue Jun 14 11:02:53 2005

BMDS MODEL RUN

The form of the probability function is:

P[response] = background + (1-background)*[1-EXP(
-betal*dose”1-beta2*dose”2)]

The parameter betas are restricted to be positive

Dependent variable = fmouse_hepcarc
Independent variable = fmouse_dose

Total number of observations = 4

Total number of records with missing values =0
Total number of parameters in model = 3

Total number of specified parameters = 0
Degree of polynomial = 2

Maximum number of iterations = 250
Relative Function Convergence has been set to: 1e-008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
Background = 0.0253206
Beta(1) = 0.00684418
Beta(2) = 2.5872e-005
Asymptotic Correlation Matrix of Parameter Estimates

Background Beta(l) Beta(2)

Background 1 -0.41 0.23
Beta(1) -0.41 1 -0.93
Beta(2) 0.23 -0.93 1
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Multistage Model with 0.95 Confidence Level
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Parameter Estimates

Variable Estimate Std. Err.
Background 0.025 0.156125

Beta(1) 0.00684906 0.00579368

Beta(2) 2.58559¢e-005 3.45846e-005

Analysis of Deviance Table

Model  Log(likelihood) Deviance Test DF  P-value
Full model -49.4055
Fitted model -50.1115 141194 1 0.2347
Reduced model -92.948 87.085 3 <.0001

AIC: 106.223
Goodness of Fit
Dose Est._Prob. Expected Observed Size Chi*2 Res.
T
) 20.0000 0.0250 0.500 1 20 1.026
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0.0000 0.0250 0.500 0 20 -1.026
i:3
101.0000 0.6250 30.000 30 48 0.000
i:4
202.0000 0.9149 43.000 43 47 0.000

Chi-square=  1.03 DF=1 P-value = 0.3112

Benchmark Dose Computation

Specified effect = 0.1

Risk Type =  Extrarisk

Confidence level = 0.95
BMD = 14.5806

BMDL = 8.22427
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