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Table A-1.  Animal Tumor Incidence Data Used in the USEPA 2012, USEPA 2008 and MassDEP 2008 Assessments

	Bioassay
	Exposure concentration
(ppm)
	Sex
	USEPA 2012a
	USEPA 2008b
	MassDEP 2008c

	Rat Mononuclear Cell Leukemia (MCL)

	NTP (1986)

F344/N rat
	0

200

400
	Male
	28/50

37/48

37/50
	28/50

37/48

37/50
	28/50

37/48

37/50

	NTP (1986)

F344/N rat
	0

200

400
	Female
	18/50

30/50

29/50
	18/50

30/50

29/50
	18/50

30/50

29/50

	JISA (1993)

F344 DuCrj rats


	0

50

200

600
	Male
	11/50

14/50

22/50

27/50
	11/50

14/50

22/50

27/50
	11/50

14/50

22/50

27/50

	JISA (1993)

F344 DuCrj rats


	0

50

200

600
	Female
	10/50

17/50

16/50

19/50
	10/50

17/50

16/50

19/50
	10/50

17/50

16/50

19/50

	Mouse Hepatocellular adenomas or carcinomas

	NTP (1986)

B6C3F1 mice 
	0

100

200
	Male
	17/49

31/47

41/50
	17/49

31/47

41/50
	16/49d
31/47

40/50

	NTP (1986)

B6C3F1 mice)
	0

100

200
	Female
	4/45

17/42

38/48
	4/45

17/42

38/48
	4/44d
17/42

38/47

	JISA (1993)

Crj BDF1 mice
	0

10

50

250
	Male
	13/46

21/49

19/48

40/49
	13/46

21/49

19/48

40/49
	13/46

21/49

19/48

40/49

	JISA (1993)

Crj BDF1 mice
	0

10

50

250
	Female
	3/50

3/47

7/48

33/49
	3/50

3/47

7/48

33/49
	3/50

3/47

7/48

33/49


aLeukemia survival-adjusted data from Table 5-15, p 5-47 (USEPA 2012).

b Mouse hepatocellular tumor survival-adjusted data from Table 5-5, p5-37 (USEPA 2008). Rat mononuclear cell leukemia survival-adjusted data from Table 5-7, p 5-42 (USEPA 2008).

c Mouse hepatocellular tumor data survival-adjusted data from Table G-2, p 61 (JISA 1993)(MassDEP 2008). Rat mononuclear cell leukemia survival-adjusted data from Tables G-2, p 61 (JISA, 1993) and. G-3, p 62 (MassDEP 2008).

d Mouse hepatocellular tumor survival-adjusted data from Table G-4, p 63 (WHO 2006).

Table A-2.  Severity of MCL (NTP 1986), from Table 13.

	
	
	Number of Animals
	Percent of Group at

	
	Dose Groupa
	with MCL
	Stage 1
	Stage 2
	Stage 3
	Stage 2 or 3

	Male
	Control
	28
	5
	3
	20
	46

	
	200 ppm
	37
	6
	7
	24
	62

	
	400 ppm
	37
	4
	6
	27
	66

	Female
	Control
	18
	3
	5
	10
	30

	
	200 ppm
	30
	6
	6
	18
	48

	
	400 ppm
	29
	2
	6
	21
	54


a50 animals per treatment group

Table A-3.  Severity of MCL (JISA 1993), from Appendix Z parts 1-4.

	
	
	Number of Animals
	Percent of Dose Group at

	
	Dose Groupa
	with MCL
	Stage 0
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 1 or greater

	Male
	Control
	11
	9
	0
	0
	1
	1
	4

	
	50 ppm
	14
	6
	0
	0
	0
	8
	16

	
	200 ppm
	22
	12
	0
	1
	2
	7
	20

	
	600 ppm
	26
	11
	1
	0
	0
	14
	30

	Female
	Control
	10
	6
	0
	0
	0
	4
	8

	
	50 ppm
	17
	7
	0
	0
	1
	9
	20

	
	200 ppm
	16
	7
	1
	1
	1
	6
	18

	
	600 ppm
	19
	7
	0
	0
	3
	9
	24


a50 animals per treatment group.
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Appendix B
Criteria for Determining Statistical Significance of Tumor Dose-response Data

The statistical significance of the tumor rates can strengthen conclusions about tumor types that are increased by exposure to PCE and may aide in selecting studies and data sets best suited for quantitative evaluation.  Therefore, we reviewed the results of the NTP (1986) and JISA (1993) bioassays for MCL and liver tumors.

The standard criteria indicating statistical significance is a p-value less than or equal to 0.05, or less than or equal to a 5% probability that the result is due to chance.  

Lin and Rahman (1998), statisticians at FDA, developed statistical criteria to reduce the level of false positive results from standard animal bioassays to less than 10%.  These criteria are included in the FDA draft guidance for the pharmaceutical industry (FDA 2001).  For commonly occurring tumors (tumors occurring with more than 1% incidence) the p values are considered significant if they are,

· p≤0.005 for trend tests, and

· p≤0.01 for pair-wise comparisons.

A number of statistical methods were used to evaluate statistical significance of responses from the PCE bioassay data.  The different methods were used to account for assumptions about survivability of the tumor, and because preferences for statistical tests change over time.

The following statistical methods were used for NTP (1986) and JISA (1993) bioassay results.

Methods that do not account for survival at the end of the bioassay:
· Cochran-Armitage – trend test used in early NTP studies
· Fisher exact – a pair-wise comparison
Methods that adjust for intercurrent mortality, or survival:

· Life table test (NTP 1986) and Standard Rates (JISA 1993) – for cases when tumors were considered to cause death before the end of the study

· Incidental tumors (NTP 1986) and Prevalence Rates (JISA 1993) for cases where tumors were considered not to cause death.
A method that does not require information on the context of the death used for most recent NTP studies:

· Poly-3 test.

Thomas et al. (2007) asserts that MCL is considered a tumor that is likely to cause death so that the life table test is the more relevant of the two.  Thomas et al. (2007) and NRC (2010) support the life table analysis as more relevant than poly-3 test (USEPA 2012).
The data and statistical analyses for the NTP (1986) male and female rat MCL, and male and female mouse liver tumors are presented in Tables B-1 and B-2 and in Tables B-3 and B-4 for JISA (1993) datasets.  In these tables the values located beneath the control incidences are the P values associated with the trend test, and beneath the dosed group incidence are the P values corresponding to pair-wise comparisons between the dosed group and controls.

Comparing the MCL data sets:
The male rat data sets from NTP and JISA both have greater statistical significance than the female rat data sets.  The dose-response trend tests using statistical methods assuming that mortality was due to the tumor meet the standard and FDA criteria for trend tests with p values less than 0.005 for both male rat data sets.  
Many of the statistical tests for the female rat data, trend and pair-wise, meet the p≤0.05 criteria, though none of them meet the FDA criteria of p≤0.005 for trend and p≤0.01 for pair-wise tests. The female rat MCL data from JISA (1993) is weakly significant (p=0.0485) for trend tests assuming mortality was related to the tumor.  The parallel NTP (1986) data set is not statistically significant when assuming mortality was related to the tumor, but is significant under the assumption that death was incidental or not related to the tumor.
Comparing the liver data sets:
The male and female mouse data sets from NTP and JISA demonstrate statistically significant trend tests by the standard and FDA criteria, p≤0.005, for all statistical test methods applied.  Likewise pair-wise tests for exposure concentrations 100 ppm and higher were statistically significant by the FDA criteria, p≤0.01, except for the NTP male 100 ppm exposure concentration where p=0.026 met the standard criteria.
Conclusions:
The male rat MCL data sets provide stronger evidence of a dose-response than the female data sets.  The mouse liver data sets provide a statistically stronger demonstration of dose-response trend than the rat MCL data sets.  The male rat MCL and the mouse liver data sets for both sexes provide significant evidence of an increased tumor response with increased exposure and can support the derivation of an inhalation unit risk.

Table B-1.  Mononuclear Cell Leukemia – Statistical Tests Conducted by NTP 1986.

	
	Male Rat (Table E1)
	Female Rat (Table E 2)

	
	Control
	200 ppm
	400 ppm
	Control
	200 ppm
	400 ppm

	Overall rate (%)a
	28/50 (56)
	37/50 (74)
	37/50 (74)
	18/50 (36)
	30/50 (60)
	29/50 (58)

	Adjusted rates (%)b
	64.6
	80.1
	90.8
	53.8
	71.4
	66.3

	Terminal rates (%)c
	9/23 (39)
	11/20 (55)
	9/12 (75)
	9/23 (39)
	10/21 (48)
	10/24 (42)

	Week of first Obs.d
	66
	53
	68
	84
	60
	76

	Life tablee
	p=0.004**
	p=0.046*
	p=0.004**
	p=0.053
	p=0.023*
	p=0.053

	Incidental tumorf
	p=0.097
	p=0.023*
	p=0.104
	p=0.012*
	p=0.013*
	p=0.014*

	Cochran-Armitageg
	p=0.034*
	
	
	p=0.018*
	
	

	Fischer’s exactg
	
	p=0.046*
	p=0.046*
	
	p=0.014*
	p=0.022*


Table notes presented after Table B-4.

Table B-2.  Mononuclear Cell Leukemia Statistical Tests Conducted by JISA 1993.

	
	Male Rat (Table 4)
	Female Rat (Table 5)

	
	Control
	50 ppm
	200 ppm
	600 ppm
	Control
	50 ppm
	200 ppm
	600 ppm

	Overall rate (%)a
	11/50 (22.0)
	14/50 (28.0)
	22/50 (44.0)
	27/50 (54.0)
	10/50 (20.0)
	17/50 (34.0)
	16/50 (32.0)
	19/50 (38.0)

	Adjusted rate (%)b
	24.32
	17.65
	40.0
	42.98
	14.29
	20.59
	22.5
	20.59

	Terminal Ratesc
	9/37
(24.3)
	6/34 (17.6)
	12/30 (40.0)
	7/34 (42.9)
	6/42
(14.3)
	7/34 (20.6)
	7/34 (20.6)
	7/34 (20.6)

	Standard Ratese
	p=0.002**
	
	
	
	p=0.0485*
	
	
	

	Prevalence Ratesf
	p=0.0104*
	
	
	
	p=0.3153
	
	
	

	Combined analysish
	p=0.0001**
	
	
	
	p=0.0571
	
	
	

	Cochran-Armitageg
	p=0.0005**
	
	
	
	p=0.1097
	
	
	

	Fischer’s exactg
	
	p=0.0777
	p=0.0707
	p=0.0201*
	
	p=0.1636
	p=0.2039
	p=0.1027

	Poly-3 testi
	p=0.002**
	
	
	
	p=0.049*
	
	
	


Table notes presented after Table B-4.

Table B-3.  Liver Hepatocellular adenoma and carcinoma:  Statistical Tests Conducted by NTP 1986.

	
	Male Mouse (Table E3)
	Female Mouse (Table E4)

	
	Control
	100 ppm
	200 ppm
	Control
	100 ppm
	200 ppm

	Overall ratesa
	17/49 (35)
	31/49 (63)
	41/50 (82)
	4/48 (8)
	17/50 (34)
	38/50 (76)

	Adjusted rates (%)b
	36.1
	73.0
	89.0
	10.1
	46.7
	92.2

	Terminal ratesc
	16/46 (35)
	14/25 (56)
	27/32 (84)
	2/36 (6)
	12/31
	16/19 (84)

	Week of first Obs.d
	98
	63
	60
	96
	76
	67

	Life tablee
	p<0.001**
	p<0.001**
	p<0.001**
	p<0.001**
	p<0.001**
	p<0.001**

	Incidental tumorf
	p<0.001**
	p=0.026*
	p<0.001**
	p<0.001**
	p<0.001**
	p<0.001**

	Cochran-Armitageg
	p<0.001**
	
	
	p<0.001**
	
	

	Fischer’s exactg
	
	p=0.004**
	p<0.001**
	
	p=0.002*
	p<0.001**


Table notes presented after Table B-4.

Table B-4.  Liver Hepatocellular adenoma and carcinoma:  Statistical Tests Conducted by JISA 1993.

	
	Male Mouse (Table 12)
	Female Mouse (Table 13)

	
	Control
	10 ppm
	50 ppm
	250 ppm
	Control
	10 ppm
	50 ppm
	250 ppm

	Overall rate (%)a
	13/50 (26.0)
	21/50 (42.0)
	19/50 (38.0)
	40/50 (80.0)
	3/50 (6.0)
	3/47 (6.4)
	7/49 (14.3)
	33/49 (67.3)

	Adjusted rate (%)b
	26.47
	50.0
	39.39
	90.91
	9.38
	11.11
	30.43
	69.70

	Terminal Ratesc
	8/31 (25.8)
	17/35 (48.6)
	11/28 (39.0)
	20/22 (90.9)
	3/32 (9.4)
	3/27 (11.11)
	6/22 (27.3)
	10/17 (58.8)

	Standard Ratese
	p=0.0020**
	
	
	
	p<0.0001**
	
	
	

	Prevalence Ratesf
	p<0.0001**
	
	
	
	p<0.0001**
	
	
	

	Combined analysish
	p<0.0001**
	
	
	
	p<0.0001**
	
	
	

	Cochran-Armitageg
	p<0.0001**
	
	
	
	p<0.0001**
	
	
	

	Fischer’s exactg
	
	p=0.1615
	p=0.2359
	p=0.0018**
	
	p=0.3673
	p=0.1836
	p<0.0001**


*p<0.05

** Value is significant by FDA criteria p<0.005 for trend test, p<0.01 for pair-wise tests.

a Number of tumor bearing animals/number of animals examined at the site.

b Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality.

c Observed tumor incidence at terminal sacrifice.

d Week first tumor was observed.

e Both the life table analysis used by NTP (1986) and the Standard method (death analysis) used by JISA (1993) regard the animals dying before terminal sacrifice as rapidly dying, directly or indirectly from the tumor.  NTP (1986) used the life table method of Cox (1972) and Tarone (1975); JISA (1993) used the death analysis method of Peto et al. (1980).

f Incidental tumors (NTP 1986) and prevalence rates (JISA 1993) both assume that the tumor is not fatal.

g The Cochran-Armitage and Fisher exact tests directly compare the overall incidence rates, not adjusted for intercurrent mortality.

h Combined analysis combines the death analysis and incidental tumor test.

i Poly-3 test conducted by USEPA (2012, page 4-269).  Note: USEPA (2012) also presents results of the poly-3 test on page 4-256 where they are listed as p<0.01 and p=0.046 for males and females respectively. The values reported for the female rats are inconsistent, with p=0.049 and p=0.046, listed on page 4-269 and 4-256, respectively.  The values from page 4-269 were used because an exact value was listed for male rats and the value for females was the higher of the two.  Thomas et al. (2007) and NRC (2010) support the life table analysis as more relevant than poly-3 test (USEPA 2012, p. 4-269).
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Hematopoietic and Immunological Responses to PCE:
Sections from USEPA 2012 Relating to MCL

The following sections were sections were copied verbatim from USEPA (2012):
4.6.2.2.2. Additional considerations regarding rodent leukemia findings

4.6.3.1. Immunological and Hematological Toxicity and, and Cancers of the Immune System in Humans.

4.6.3.2. Immunological and Hematological Toxicity and Mononuclear Cell Leukemias in Rodents.
4.6.2.2.2. Additional considerations regarding rodent leukemia findings [pp 4-257 – 4-265]
Under the conditions of the NTP (1986) and JISA (1993) bioassays, a carcinogenic effect of tetrachloroethylene in male and female rats was evidenced by significant increases of MCL in both sexes. The pathology of rat MCL is well characterized and has been well described (Thomas et al., 2007; Ward et al., 1990; Stromberg, 1985). MCL is among the most common causes of death in the aging F344 rat and is readily and unequivocally diagnosed by standard histopathological techniques. However, the utility of observed increases in MCL in the chemically exposed rat for human carcinogenic risk assessment has been questioned for several reasons. In particular, the spontaneous background incidence is both high and variable, and, thus, can obscure chemical-induced increases. As noted in reviews by Caldwell (1999) and Ishmael and Dugard (2006), the high background rate of MCL in control (untreated) rats can limit the ability to separate the background response from possible chemically induced responses, particularly when the chemically induced response above background is low. Additionally, because high-incidence MCL occurs only in the F344 rat strain and not in mice, Caldwell (1999) has stated that marginal increases in incidences are of questionable biological significance. Supplemental analyses, such as have been conducted by NTP for tetrachloroethylene and summarized in the preceding section, have been endorsed as a means to aid in data interpretation for these commonly occurring tumors. In the paragraphs that follow, issues pertinent to the interpretation of evidence that tetrachloroethylene induces MCL in male and female rats for the purposes of human health risk assessment are addressed. The discussion summarizes the findings of a recent analysis by Thomas et al. (2007) and considers the available evidence for tetrachloroethylene in the context of the approach put forth by those authors. Other considerations identified by NRC (2010) are also addressed, particularly with respect to uncertainties surrounding the causes of F344 rat MCL, the biology of the disease, including the cell type of origin, as well as the mechanisms by which tetrachloroethylene may advance development of this rodent leukemia. 

The significance of MCL findings in multiple NTP bioassays that used the F344 rat was the subject of a recent reanalysis by Thomas et al. (2007). They examined the incidence of leukemia in 2-yr bioassays that included untreated male and female F344 rats from 1971 to 1998. They found that background tumor incidence increased substantially, from 7.9 to 52.5% in males and from 2.1 to 24.2% in females, over that period. The reanalysis also found that MCL responses are highly variable and subject to substantial modulation by dietary as well as other, as yet unidentified, factors. 
Their review of the disease pathobiology described MCL as a large granular lymphocytic (LGL) leukemia that is a rapidly progressing and fatal neoplasm, with death typically occurring within 2 weeks of onset (Thomas et al., 2007). The disease is characterized by splenomegaly upon gross pathological examination. Leukemic cell infiltration of the splenic red pulp with variable lymphoid cell depletion is consistently seen. The tumor is transplantable; its etiological factor is unknown. The cell of origin appears to reside in and/or require the splenic microenvironment, and splenectomy dramatically reduces spontaneous MCL incidence (Moloney and King, 1973). 

Thomas et al. (2007) concluded that the exact cell of origin of F344 rat MCL is unknown. The pathological characteristics of rat MCL are similar in some respects to one of the human T-cell leukemias (Caldwell, 1999), and some investigators have proposed that MCL can serve as an experimental model for human T-cell leukemia (Stromberg, 1985). However, MCLs have been shown to be heterogeneous with respect to cell phenotype and function (e.g., surface antigen expression, esterase activity, and cytotoxic activity). For example, a study of 10 primary and 10 transplanted MCLs of aging rats found that natural killer (NK) cell activity was variable and lacked correlation with surface antigens, with poorly differentiated MCL cells exhibiting less cytotoxic (i.e., NK-cell) activity (Ward and Reynolds, 1983). These and other investigations [e.g., Stromberg et al. (1983)] have provided evidence that MCLs represent a heterogeneous group of leukemias. Thomas et al. note that the use of specific monoclonal anti-rat NK-cell antibodies and other rat leukocyte specific markers would aid in establishing the cell type of origin. The lack of assessment of the rodent tumors according to current classification criteria [e.g., as specified by Swerdlow et al. (2008)] hinders ability to identify cell lineage. In particular, the lack of immunophenotyping data for MCL occurring spontaneously or as the result of chemical exposure, and the observed heterogeneity in cell phenotype and function of the spontaneously occurring tumors studied thus far, greatly limit classification of MCL. Based on the reported heterogeneity in cell phenotype and function, Thomas et al. (2007) stated that MCL may arise from either mature LGLs or from a variety of individual LGL subpopulations; alternatively, a pluripotent LGL precursor may be the cell type of origin. 

Acknowledging the limitations that arise from the lack of knowledge about the cell type of origin for MCL, and the observed heterogeneity in phenotype and function among MCL, Thomas et al. (2007) characterize MCL as having an NK-cell phenotype based on functional NK-cell activity in most (but not all) MCL cells. They note that human NK-LGL and F344 rat MCL have “some characteristics in common” and conclude that F344 rat MCL “is comparable to the aggressive human NK-LGL leukemia on a morphological, functional, and clinical basis.” However, current criteria to identify cell phenotype (e.g., by use of specific monoclonal antibodies and genomic analysis) were not adopted in this study, and many of the comparison criteria identify by Thomas et al. (2007) are nonspecific and common to other human leukemia or lymphoma phenotypes. Although contrary to prior reports that the F344 MCL does not have a human counterpart [e.g., Caldwell (1999)], a comparable conclusion regarding similarity of F344 rat MCL to human NK-LGL was reached by Stromberg (1985) and Ishmael and Dugard (2006). Human NK-LGL is a rare form of LGL. NK-LGL usually occurs in younger patients (median age: 39), has an aggressive clinical course, and is usually fatal within months of diagnosis despite multiagent therapy. Epstein Barr virus has been implicated in many of the reported NK-LGL cases, although the mechanism is unknown. In contrast, the majority of other human LGLs (i.e., T-cell LGL leukemias) follow a chronic indolent course. Due to the paucity of available data, mechanisms or modes of action contributing to the MCLs arising in untreated or chemically exposed F344 rats have not been identified. 

Thomas et al. (2007) also evaluated MCL incidence in male and female rats exposed to 500 chemicals. On the basis of 34 NTP studies that yielded evidence of a chemically related increase in the incidence of leukemia, which included the NTP (1986) study of tetrachloroethylene, the authors conducted a reanalysis of dose-response data by comparing results with four statistical methods: Fisher’s exact test for pair-wise comparison of leukemia incidence between a dose group and a control group, the Cochran-Armitage test for incidence trend, logistic regression for incidence, and life tables for survival-adjusted incidence. Tetrachloroethylene was one of five chemicals shown by the authors to produce “definitive” leukemia effects in both sexes of rats. MCL effects were more often than not confined to one sex, while tetrachloroethylene induced statistically significant increases in both sexes of the F344 rat. 

In their analysis, Thomas et al. (2007) employed the rigid statistical criteria suggested in Food and Drug Administration (FDA) guidance for testing dose-related cancer incidences of common tumors (p < 0.01 for pairwise comparison; p < 0.005 for trend test). They noted that leukemia is generally considered a fatal neoplasm, thus supporting the life table test as more likely reflecting the true statistical significance of the carcinogenic effect. Life-table analysis (log-rank test) accounts for time-to-event information, is capable of testing nonlinear dose-response relationships of arbitrary shapes, and is, therefore, more flexible than the Cochran-Armitage trend test. The NTP (1986) results in male rats exposed to tetrachloroethylene revealed a significant dose-response trend when analyzed with a life table analysis (p = 0.004) assuming that MCL is lethal (a nonsignificant trend with logistic regression (p = 0.097) resulted if MCL was assumed nonlethal). Pairwise comparisons revealed dose-related incidences (p = 0.046; Fisher exact test) for both dose groups, and the Cochran-Armitage trend test yielded a p-value of 0.034; neither met the FDA criteria for statistical significance. The borderline significance of the trend test and nonsignificance of logistic regression for the latter two comparisons could be explained, in part, by the fact that the incidences did not follow an incrementally increasing relationship with dose. In female rats in the NTP (1986) study, use of a life table (p = 0.053), logistic regression (p = 0.012), a trend test (p = 0.018), and Fisher exact test (p = 0.014 and 0.022, respectively, for two doses) all revealed dose-related increases in incidence that were of borderline significance according to the suggested FDA criteria. 

Thomas et al. (2007) note that NTP does not use a rigid statistical rule in interpreting experimental results, instead relying on consideration of other factors in a weight-of-evidence approach. These factors include historical control incidences, and whether chemically induced tumors were sex-specific, dose-responsive, of shorter latency, or of more advanced stage. While encouraging stringent statistical analysis to reduce false positives, Thomas et al. (2007) characterized the NTP weight-of-evidence approach as “appropriate” and “rigorous.” They proposed a similar evaluation of the pertinent data, to also include consideration of such factors as reproducibility of effect across bioassays, and other information to inform biological plausibility (i.e., evidence of toxic or carcinogenic effects on LGLs or their precursors). An assessment of the considerations identified by Thomas et al. (2007) and NRC (2010) for tetrachloroethylene is provided below: 

Nature of the dose-response curve in terms of incidence and severity. The NTP (1986) study found that tetrachloroethylene increased the incidence and severity of MCL in male and female rats. The JISA (1993) study reported an increasing trend incidence of MCL in both male and female rats, and overall the number of early deaths attributed to MCL increased with increasing exposure. 

Appropriate historical control data. Historical control data are available from the laboratory that performed the NTP (1986) study, the NTP program, and from the Japanese laboratory. A comparison with historical data revealed a higher MCL rate in concurrent controls in the NTP and Japanese tetrachloroethylene bioassays. Concurrent controls in the NTP studies were higher than historical chamber control groups at the performing laboratory (males: 28/50 [56%] vs. 117/250 [47%]; females: 18/50 [36%] vs. 73/249 [29%]). The concurrent control group rates were also higher than the NTP program historical rate for untreated control groups (males: 583/1,977 [29%]; females: 375/2,021 [18%]). As in the NTP (1986) study, there was a higher control incidence of MCL (22% in males and 20% in females) than the reported historical rate of MCL for the Japanese laboratory of 147/1,149 [13%] in males and 147/1,048 [14.0%] in females (refer to Table 5-16, Section 5). 

Reduction in latency time. The NTP (1986) study found that tetrachloroethylene reduced tumor latency in female rats. In the JISA (1993) study, there was also decreased latency in MCLs in female rats, with the first appearance in Week 100 in controls and Weeks 66−70 in treated rats. 

Reproducibility in another species and routes of exposure. Tetrachloroethylene has reproducibly been found to be carcinogenic in rats and mice. Tetrachloroethylene was carcinogenic when tested in mice in an oral gavage study (NCI, 1977) and in two inhalation studies [NTP (1986) and JISA (1993)], inducing hepatic neoplasms. Tetrachloroethylene also caused other types of tumors in the F344 rat. However, tetrachloroethylene has only been found to be leukemogenic in F344 rat studies. In the JISA (1993) study, deaths in female mice due to malignant lymphomas/total dead (or moribund) mice were 6/18, 4/20, 13/27, and 10/33 in the 0, 10, 50, and 250 ppm groups, respectively. Tetrachloroethylene exposure did not affect the incidence at study termination of malignant lymphomas in the lymph nodes or spleen. The NTP (1986) study also did not find an effect of tetrachloroethylene on malignant lymphoma incidence in female mice. 

A similar lack of site concordance across rodent bioassays was also observed among many of the NTP chemicals causing MCL in F344 rats reviewed by Thomas et al. (2007). Tetrachloroethylene was among six chemicals (the others were allyl isovalerate, bisphenol A, pyridine, 2,4,6-trichlorophenol, and the benzene metabolite hydroquinone) for which leukemia was the only neoplastic change for either male or female rats, but for which other sex-species groups showed evidence of carcinogenicity (Thomas et al., 2007). [Note that, as discussed in Section 4.10, elevated incidences of other tumors—specifically, brain gliomas and kidney tubule adenomas and adenocarcinomas—were observed in male F344/N rats in the tetrachloroethylene NTP (1986) study but were not included in the Thomas et al. (2007) analysis.] For eight other chemicals evaluated by Thomas et al. (2007), F344 rat MCL was the only carcinogenic effect in rats or mice. For twenty chemicals, MCL was one of multiple neoplastic changes in F344 rats of one or both sexes. 

Involvement of both sexes. Tetrachloroethylene induced MCL in both sexes of F344 rats in the NTP (1986) and JISA (1993) inhalation bioassays. In fact, tetrachloroethylene was one of only 5 chemicals identified in a review of 500 chemicals by Thomas et al. (2007) that were shown to produce “definitive” leukemia effects in both sexes of rats. Tetrachloroethylene was also hepatocarcinogenic in both sexes of mice in the available oral (NCI, 1977) and inhalation bioassays [NTP (1986) and JISA (1993)]. Hence, the carcinogenic effects of tetrachloroethylene are evident in both male and female rodents across multiple data sets and with tumor sites. 

Comparative species metabolism.  Species differences in metabolism of tetrachloroethylene have been noted, as reviewed in Section 3.  Although thought to be qualitatively similar, there are clear differences among species in the quantitative aspects of tetrachloroethylene metabolism (Lash and Parker, 2001; Völkel et al., 1998; Schumann et al., 1980; Ikeda and Ohtsuji, 1972). These differences are in the relative yields and kinetic behavior of metabolites (Völkel et al., 1998; Green et al., 1990; Ohtsuki et al., 1983). Because metabolites are thought to contribute to the carcinogenicity of tetrachloroethylene, these differences in metabolism are likely to contribute to species differences in carcinogenic response, including the types of tumors observed across rodent bioassays. 

The metabolite(s) contributing to the development of MCL from tetrachloroethylene have not been defined. A role for GSH-derived metabolites was posited based on early reports of fatal hemorrhagic disease in cattle fed trichloroethylene-extracted soybean oil meal, and the subsequent finding that the trichloroethylene metabolite S-(1,2,-dichlorovinyl)-L-cysteine (generated through the GSH pathway) induces renal toxicity, aplastic anemia, and marked DNA alteration in bone marrow, lymph nodes, and thymus in calves (Bhattacharya and Schultze, 1972, 1971). However, similar effects were not found in a study that administered TCVC, a GSH-derived metabolite of tetrachloroethylene, to two calves as a single dose (Lock et al., 1996). The first calf received 10 mg/kg i.v. (40 μmol/kg) and was observed for 25 days and then given a second dose of 8 mg/kg (36 μmol/kg) and observed for a further week. A second calf was given 18 mg/kg (72 μmol/kg) and observed for 20 days. An initial neutropenia was observed in the first calf during the first few days after dosing. However, no decline in platelet or neutrophil count, nor elevation in blood urea nitrogen, was observed. Based on clinical and histopathological evaluation, TCVC was concluded to lack bone marrow or kidney toxicity. The authors characterized the lack of toxicity in the kidney as “puzzling” given their prior work demonstrating the nephrotoxicity of comparable TCVC exposures in the rat (Ishmael and Lock, 1986), and their concurrent in vitro studies showing that TCVC, like DCVC, was toxic to renal transport mechanisms in cortical slices (Lock et al., 1996). Toxicokinetic differences among species were postulated as an explanation for the observed species differences in TCVC sensitivity, and the unique sensitivity of the calf to DCVC compared with TCVC and other haloalkene conjugates. Aside from the Lock et al. (1996) evaluation of bone marrow toxicity of TCVC in the juvenile cow, a species of unknown sensitivity to tetrachloroethylene-induced leukemia, other studies aimed at elucidating the active metabolites contributing to leukemic effects have not been reported. In particular, no such studies are available in the F344 rat, the species and strain in which leukemic effects have been consistently observed in both sexes. 

Analyses of how differences in metabolism may lead to differences in the leukemogenicity of tetrachloroethylene across species are limited by this lack of knowledge regarding the putative leukemogenic metabolites. As reviewed in Section 3, tetrachloroethylene is metabolized by two main pathways, oxidation and GSH conjugation. Species differences in the extent of metabolism, and in the profile of resultant metabolites, have been observed in both pathways. Metabolism is higher in mice than in rats, predominantly owing to more extensive metabolism via the oxidative pathway thought to contribute to hepatic toxicity and carcinogenicity. Rats, in turn, have higher metabolic rates than do larger animals, including humans. The half-life of tetrachloroethylene is much longer in humans (>100 hours) than in rodents (<10 hours). Interindividual differences in metabolism, for instance arising from variability in activity of GSTs and other metabolic enzymes, may also contribute to interspecies differences in metabolism. Overall, the database is insufficient to characterize how these metabolic differences may impact species sensitivity to the leukemogenic activity of tetrachloroethylene. 

Genotoxicity, cytotoxicity, and any other relevant information. Thomas et al. (2007) note “little evidence to support a mode of action” for F344 rat MCL induced either spontaneously or by the 34 leukemogens they reviewed, including tetrachloroethylene. However, they propose a review of evidence that may aid in assessing the biological plausibility for tumor induction. The genotoxicity of tetrachloroethylene is reviewed in Section 4.8. None of the reviewed studies have specifically investigated the genotoxicity of tetrachloroethylene in the potential target tissue (bone marrow or spleen) of the F344 rat of either sex. A study in Sprague-Dawley rats found only marginal effects on chromosomal aberrations and aneuploidy with tetrachloroethylene exposure by inhalation (100 and 500 ppm) (Beliles et al., 1980). However, the overall conclusion for tetrachloroethylene genotoxicity supports the view that the contribution of mutagenicity to one or more carcinogenic outcomes cannot be ruled out. 

No studies are available that evaluate the toxicity of tetrachloroethylene in the putative target tissues (bone marrow and/or spleen) or target cells of MCL in the F344 rat. However, as reviewed in Section 4.6.2.1.2, several studies by Marth (1987) or Marth et al. (1989; 1985a; 1985b), Seidel et al. (1992), and Ebrahim (2001) have demonstrated hematopoietic toxicity of tetrachloroethylene in mice. Ebrahim et al. (2001) found that tetrachloroethylene in sesame oil (3,000 mg/kg-day for 15 days) significantly decreased hemoglobin, RBC counts, decreased HCT (packed cell volume) and platelet counts, and significantly increased WBC count. These findings are similar to those observed in studies of tetrachloroethylene-exposed humans (Emara et al., 2010). In the Marth (1987) and Marth et al. (1989; 1987; 1985a; 1985b) studies, female NMRI mice exhibited a reversible hemolytic anemia and had microscopic evidence of splenic involvement following exposure to low drinking water levels (0.05 mg/kg-day) of tetrachloroethylene beginning at 2 weeks of age. Seidel et al. (1992) also found evidence of a reduction in red cells, supported by decreases in erythroid colony-forming units and erythroid burst-forming units and evidence of reticulocytosis in female hybrid mice (C57/BL/6 × DBA/2) to tetrachloroethylene at 270 ppm (11.5 weeks) and 135 ppm (7.5 weeks), 6 hours/day, 5 days/week. Reversible reductions in the numbers of lymphocytes/monocytes and neutrophils were also observed. The slight CFU-C depression, which persisted in the exposure-free period, could indicate the beginning of a disturbance at all progenitor cell levels. These data suggest a reversible bone marrow depression. 

A number of leukemogens (e.g., benzene) have been reported to inhibit production of both red cells and various forms of white cells. A decrease in CFU-Ss, an effect not observed with tetrachloroethylene exposure (Seidel et al., 1992), has commonly been reported.  Leukemogens also cause a decrease in bone marrow myeloid progenitors CFU-GEMM, CFU-GM, and CFU-E/BFU-E, the latter of which was also decreased by tetrachloroethylene (Seidel et al., 1992). Thus, Seidel et al. (1992) provides indirect evidence that tetrachloroethylene induces effects associated with leukemogens (NRC, 2010). 

Other studies that may be relevant to leukemia induction in the F344 rat include those of the immunotoxicity of tetrachloroethylene. However, the available database of such studies, as summarized in Section 4.6.2.1.1, is limited for establishing whether tetrachloroethylene affects immune parameters in a manner indicative of potential for inducing leukemia development. Immunosuppression was observed in female B6C3F1 mice administered tetrachloroethylene (maximum concentration: 6.8 ppm) with a mixture of 24 frequent contaminants of ground water near Superfund sites (Germolec et al., 1989). No changes were evident in lymphocyte number, T-cell subpopulations, NK cell activity, or with challenge by Listeria monocytgens or PYB6 tumor cells. In a separate inhalation study in mice, exposure to 170 mg/m3 (50 ppm) tetrachloroethylene for 3 hours increased susceptibility to respiratory streptococcus infection and significantly decreased pulmonary bactericidal activity (Aranyi et al., 1986). 

As reviewed by Thomas et al. (2007), corn oil gavage has been shown to significantly (p < 0.001) decrease the incidence of MCL in F344 rats, particularly males, by an unknown mechanism. This complicates interpretation of the few short-term studies in rats administering tetrachloroethylene in corn oil gavage. These include a finding of atrophy of the spleen and thymus in rats receiving 2,000 (but not 1,000) mg/kg-day tetrachloroethylene via corn oil gavage for 5 days (Hanioka et al., 1995a). In a separate 14-day corn oil gavage study, tetrachloroethylene did not affect thymus and spleen weights of adult rats at a hepatotoxic dose (1,000 mg/kg-day) (Berman et al., 1995). 

Summary.  This assessment of considerations proposed in Thomas et al. (2007) and by NRC (2010) highlights several findings that add support to the conclusion that tetrachloroethylene is a leukemogen in the F344 rat. Particularly pertinent are findings of the evaluation by NTP (1986) of the inhalation bioassay of tetrachloroethylene, demonstrating dose-related increases in the incidence of MCL in both sexes and in the severity of MCL in both sexes, as well as a shortened time to onset of MCL in female rats, and an increased incidence of advanced MCL in female rats that died before the scheduled termination of the study. These factors are considered the most important in evaluating the significance of the MCL findings for tetrachloroethylene. 

Additional factors supporting the carcinogenicity of tetrachloroethylene include the observation that tetrachloroethylene has also been found to induce other rare tumors besides MCL in the F344 rat, as well as tumors at other sites in both sexes of the mouse, in both inhalation and oral gavage bioassays. As noted by Thomas et al. (2007), chemically induced MCL has typically been found in only one sex of the F344 rat, and tetrachloroethylene was one of only 5 chemicals identified in their review of 500 chemicals in the NTP database to definitively cause the tumor in both males and females. These findings add support to the conclusion that tetrachloroethylene is a rodent carcinogen. Although limited, studies demonstrating hemolysis and bone marrow toxicity in mice add some support to the biologic plausibility of the observed leukemic effects (NRC, 2010). The pharmacokinetics (metabolites) and pharmacodynamics (biological mechanisms) that contribute to the development of MCL in the F344 rat, both spontaneously and with chemical exposure, have not been elucidated. 

Uncertainties remain regarding the causes of F344 rat MCL, the biology of the disease including the cell type of origin, as well as the mechanisms by which tetrachloroethylene may advance development of this rodent leukemia. Further research to clarify the factors that affect inherent and chemically induced susceptibility to F344 rat MCL is warranted. As proposed by Stromberg (1985), the F344 rat MCL could serve as a rodent model for human T-cell leukemias, in which research could be conducted to identify causative factors and disease mechanisms, and to test and develop novel chemotherapies. Thomas et al. (2007) similarly endorsed additional research and analyses of F344 leukemogens, such as tetrachloroethylene, to advance understanding of the mechanisms contributing to the rodent—and by inference, the related human—diseases. 

In summary, although uncertainties remain regarding the pathobiology of MCL and the mechanisms by which tetrachloroethylene may contribute to disease development and/or progression, this assessment of additional factors bolsters the support for the finding of tetrachloroethylene-induced MCL in the F344 rat.  [page 4-265, USEPA 2012]

4.6.3.1. Immunotoxicity, Hematologic Toxicity, and Cancers of the Immune System in Humans [pp 4-265-267]
The strongest epidemiological study examining immunologic and hematopoietic effects of tetrachloroethylene exposure in terms of sample size and use of an appropriately matched control group is of 40 male dry-cleaning workers (mean exposure levels <140 ppm; mean duration: 7 years; mean blood tetrachloroethylene levels: 1,685 μg/L) by Emara et al. (2010). Statistically significant decreases in red blood cell count and hemoglobin levels and increases in total white cell counts and lymphocyte counts were observed in the exposed workers compared to age- and smoking-matched controls. Similar effects were observed in mice (Ebrahim et al., 2001). In addition, increases in several other immunological parameters, including T-lymphocyte and natural killer cell subpopulations, IgE, and interleukin-4 levels were observed in tetrachloroethylene-exposed dry-cleaning workers (Emara et al., 2010). These immunologic effects suggest an augmentation of Th2 responsiveness. However, the limited available data from studies in children (Delfino et al., 2003a; Delfino et al., 2003b; Lehmann et al., 2002; Lehmann et al., 2001) do not provide substantial evidence of an effect of tetrachloroethylene exposure during childhood on allergic sensitization or exacerbation of asthma symptomology. The observation of the association between increased tetrachloroethylene exposure and reduced interferon-γ in cord blood samples may reflect a sensitive period of development, and points to the current lack of understanding of the potential immunotoxic effects of prenatal exposures. The available data pertaining to risk of autoimmune disease in relation to tetrachloroethylene exposure are limited by issues regarding ascertainment of disease incidence and exposure-assessment difficulties in population-based studies. In summary, there is considerable variation in the extent and quality of the epidemiologic literature (e.g., number of studies, study design, and quality of the exposure assessment) for lymphopoeitic cancers. In general, studies with relatively strong exposure assessments are based on a small number of observed deaths or incident cases, with a relatively low statistical power. For non-Hodgkin lymphoma and multiple myeloma, the available studies are considered supportive of a role of tetrachloroethylene as a likely carcinogen. This is based on the presence of higher effect estimates in studies with better exposure-assessment methodologies and evidence of an exposure-response trend in one or more studies. 
Among the specific types of lymphopoeitic cancers, there is considerable variation in the extent and quality of the epidemiologic literature (e.g., number of studies, study design, and quality of the exposure assessment). In general, studies with relatively strong exposure assessments are based on a small number of observed deaths or incident cases, with a relatively low statistical power. For non-Hodgkin lymphoma and multiple myeloma, the presence of higher relative risk estimates in studies with better exposure-assessment methodologies and evidence of an exposure-response trend in one or more studies provide the basis for considering the collection of studies as supportive of a role of tetrachloroethylene as a likely carcinogen. 

For non-Hodgkin lymphoma, there is little evidence of an association in the large cohort studies examining risk in relation to the broad occupational category of work in laundry or dry cleaning [i.e., relative risk estimates ranging from 0.95 to 1.05 in females in Andersen et al. (1999), females and males in Ji and Hemminki (2006b), and Pukkala et al. (2009)]. The results from the four cohort studies that used a relatively higher quality exposure-assessment methodology, however, reported relative risks between 1.7 and 3.8 (Radican et al., 2008; Boice et al., 1999; Anttila et al., 1995). There is also some evidence of exposure-response gradients in studies with tetrachloroethylene-specific exposure measures based on intensity, duration, or cumulative exposure (Seidler et al., 2007; Miligi et al., 2006; Boice et al., 1999). Higher non-Hodgkin lymphoma risks were observed in these studies in the highest exposure categories, with the strongest evidence from the large case-control study in Germany in which a relative risk of 3.4 (95% CI: 0.7, 17.3) was observed in the highest cumulative exposure category (trend p-value = 0.12) (Seidler et al., 2007). Effect estimates in studies with broader exposure assessments showed a more variable pattern (Seldén and Ahlborg, 2011; Pukkala et al., 2009; Ji and Hemminki, 2006b; Blair et al., 2003; Travier et al., 2002; Cano and Pollán, 2001; Lynge and Thygesen, 1990). Confounding by lifestyle factors are unlikely explanations for the observed results because common behaviors, such as smoking and alcohol use, are not strong risk factors for non-Hodgkin lymphoma (Besson et al., 2006; Morton and Marjanovic, 1984). 
Results from the multiple myeloma studies are based on a smaller set of studies than those of non-Hodgkin lymphoma, but results are similar. The larger cohort studies that use a relatively nonspecific exposure measure (broad occupational title of launderers and dry cleaners, based on census data) do not report an increased risk of multiple myeloma, with effect estimates ranging from 0.99 to 1.07 (Pukkala et al., 2009; Ji and Hemminki, 2006b; Andersen et al., 1999). Some uncertainty in these estimates arises from these studies’ broader exposure-assessment methodology. Results from the cohort and case-control studies with a higher quality exposure-assessment methodology, with an exposure measure developed specifically for tetrachloroethylene, do provide evidence of an association, however, with relative risks of 7.84 (95% CI: 1.43, 43.1) in women and 1.71 (95% CI: 0.42, 6.91) in men in the cohort of aircraft maintenance workers (Radican et al., 2008) and 1.5 (95% CI: 0.8, 2.9) in a large case-control study in Washington [Gold et al. (2010b); tetrachloroethylene exposure]. Gold et al. (2010b) also reported increasing risks with increasing exposure duration (based on job titles) (Gold et al., 2010b) and based on a cumulative tetrachloroethylene exposure metric (Gold et al., 2010b). A smaller case-control study (n = 76 cases) with tetrachloroethylene-specific exposure measures based on intensity, duration, or cumulative exposure, Seidler et al. (2007), observed no cases among the highest exposure groups. A small cohort study by Boice et al. (1999) of aerospace workers observed one death among routinely exposed subjects and six deaths among subjects with a broader definition of routine or intermittent exposure. 

4.6.3.2. Immunological and Hematological Toxicity and Mononuclear Cell Leukemias in Rodents [pp. 4-267 – 4-271]
Additional data from inhalation, oral, and dermal exposures of different durations are needed to assess the potential immunotoxicity of tetrachloroethylene along multiple dimensions, including immunosuppression, autoimmunity, and allergic sensitization. The data from Aranyi et al. (1986) suggest that short-term exposures may result in decreased immunological competence (immunosuppression) in CD-1 mice. The relative lack of data taken together with the concern that other structurally related solvents (Cooper et al., 2009) have been associated with immunotoxicity contributes to uncertainty in the database for tetrachloroethylene. 

The limited laboratory animal studies of hematological toxicity demonstrated an effect of tetrachloroethylene exposure on RBC [decreased RBC (Ebrahim et al., 2001), or decreased erythrocyte colony forming units (Seidel et al., 1992)] with reversible hemolytic anemia observed in female mice exposed to low drinking water levels (0.05 mg/kg-day) of tetrachloroethylene beginning at 2 weeks of age in one series of studies (Marth et al., 1989; Marth, 1987; Marth et al., 1985a; Marth et al., 1985b). Ebrahim et al. (2001) also observed decreased hemoglobin, platelet counts and packed cell volume, and increased WBC counts. 

Cancer findings of primary concern are the statistically significant increases in MCL in both sexes in the NTP (1986) and JISA (1993) inhalation bioassays. Section 4.6.2.2.2 addresses issues pertinent to the interpretation of evidence that tetrachloroethylene induces MCL in male and female rats for the purposes of human health risk assessment. That discussion summarizes the findings of a recent analysis by Thomas et al. (2007) and considers the available evidence for tetrachloroethylene in the context of the approach put forth by those authors and by NRC (2010). This included a summary of the available noncancer studies that may inform the biologic plausibility of the leukemia findings. In the paragraphs that follow, the findings in and statistical analyses of the rodent bioassays are presented, and the other factors and data considered in the analysis presented in Section 4.6.2.2.2 are then summarized. Together, these analyses informed the conclusions provided concerning the application of the F344 rat leukemia data to human health risk assessment. 

Statistical analysis of the NTP bioassay revealed a statistically significant trend for males (p = 0.004), and a marginally significant trend for females (p = 0.053). Life table analysis disclosed statistically significant increases in both the low- and high-dose groups in males. A significant increase in the low-dose group (p = 0.023) and a marginally significant increase in the high-dose group (p = 0.053) was observed in females. Additional statistical analyses reported by Thomas et al. (2007) of the female rat data from the NTP (1986) study found the results significant by logistic regression (p = 0.012), the Cochran-Armitage trend test (p = 0.018), and Fisher exact test (p = 0.014 and 0.022, respectively, for the lower and higher doses). Similarly, additional analyses reported by Thomas et al. (2007) supported the statistical significance of the male rat NTP data [logistic regression (p = 0.097), the Cochran-Armitage trend test (p = 0.034), and Fisher exact test (p = 0.046 for the lower and higher doses)]. Notably, these statistical analyses supported the authors’ classification of tetrachloroethylene as one of only five chemicals of the 500 examined to produce “definitive” leukemia effects in both sexes of rats. While MCL effects were more often than not confined to one sex, tetrachloroethylene induced statistically significant increases in both sexes of the F344 rat. 

In the JISA (1993) bioassay, MCL showed a statistically significant increasing trends with dose in both males (p = 0.002) and females (p = 0.049) by poly-3 test. Because MCL is a rapidly progressing and fatal neoplasm, Thomas et al. (2007) and NRC (2010) supported the life table test as more accurately reflecting the statistical significance of the carcinogenic effect. However, the poly-3 test for trend also addresses the time and cause of death and is comparable to the life-table test. 

Other factors besides statistical analyses can inform interpretation of bioassay data and the observed effects of chemical exposures. According to NTP practices, as reviewed in Thomas et al. (2007), bioassay evaluation includes consideration of factors such as historical control tumor incidences, and whether chemically induced tumors were sex-specific, dose-responsive, of shorter latency, or of more advanced stage. NTP analyses of the tetrachloroethylene bioassay results revealed a dose-related increase in the incidence of MCL in both sexes, in the severity of MCL in both sexes, a shortened time to onset of MCL in female rats, and an increased incidence of advanced MCL in female rats that died before the scheduled termination of the study. All of these findings elevate concern that the MCL findings are related to chemical exposure, and among factors considered, add significant support to the conclusion that tetrachloroethylene is a leukemogen in F344 rats. An additional consideration in evaluation of the NTP (1986) and JISA (1993) studies is that a higher MCL incidence was observed in concurrent controls compared with historical controls. The reason for the reportedly higher MCL incidence in concurrent controls in these bioassays is not known. However, the finding of a chemically induced effect in a bioassay with a high background rate, which is more likely to obscure chemically induced findings, supports the conclusion that the observed tumors are due to tetrachloroethylene exposure. The independent findings of MCL induction in two bioassays conducted by separate laboratories also strengthen the conclusions. 

Available pharmacokinetic data are insufficient to identify the active metabolite(s) of tetrachloroethylene that contribute(s) to MCL development. Such data are also insufficient to inform analyses of how interspecies differences in metabolism may affect leukemic outcomes in other species. In addition, available mechanistic data are insufficient to characterize the mechanisms or modes of action contributing to either spontaneously occurring or chemically induced MCL in the F344 rat (Thomas et al., 2007), including such tumors induced in tetrachloroethylene-exposed animals. However, the albeit limited studies demonstrating that tetrachloroethylene induces hemolysis and affects bone marrow function in mice provide indirect evidence that tetrachloroethylene induces effects associated with MCL and with known leukemogens (NRC, 2010). These studies support the biological plausibility of tetrachloroethylene as a leukemogen in rodent species, in general, and provide a basis for generating hypotheses on how these tumors may be induced. Nonetheless, the paucity of data on contributing metabolites and mechanisms, and the lack of similar findings in other species, contribute to uncertainty in interpreting the MCL data in the F344 rat (NRC, 2010). [Emphasis added.]

Knowledge gaps persist regarding the causes of F344 rat MCL, the biology of the disease including the cell type of origin, as well as the mechanisms by which tetrachloroethylene may advance development of this rodent leukemia. Large granular lymphocyte (LGL) cells exist in humans that are morphologically, biochemically, and functionally similar to the cells involved in MCL in the F344 rat (Stromberg, 1985). In humans, clonal disorders of LGLs represent a biologically heterogeneous spectrum of lymphoid malignancies thought as originating either from mature T-cell or natural killer (NK) cells (Sokol and Loughran, 2006). LGL disorders can clinically present as indolent (chronic) or aggressive diseases (Sokol and Loughran, 2006). The indolent form of LGL leukemia is a disease of older adults, with a median age at diagnosis of 60 years. A number of clinical conditions have been observed in patients with LGL leukemia. These include the following: red cell aplasia and aplastic anemia; other lymphoproliferative disorders such as NHL, Hodgkin lymphoma, multiple myeloma, hairy cell leukemia, and B-cell lymphoproliferative disorders; and autoimmune diseases such as rheumatoid arthritis and systemic lupus erythematosus (Rose and Berliner, 2004). The etiology of LGL disorders is not known (Sokol and Loughran, 2006; Rose and Berliner, 2004). Several possible etiologies have been proposed including chronic activation of T-cell by a viral antigen or autoantigen in which case LGL leukemia could be considered as an autoimmune disorder (Sokol and Loughran, 2006). 

Lymphoid tumor pathobiology in rats and humans, its historical and current classification, and epidemiology, including observations in tetrachloroethylene-exposed populations, have bearing on examination of the human relevance of rat mononuclear cell leukemia. Important to any examination are the changes in diagnostic and classification criteria of human lymphoid tumors and lack of data on molecular markers in the tetrachloroethylene epidemiologic studies, as discussed above. Diagnostic and classification criteria may not be uniform across studies and hinder comparison of consistency within epidemiologic studies of lymphoid cancers and tetrachloroethylene exposure and, also, between human and rat lymphoid tumor observations. Furthermore, adoption of consensus nomenclatures of human lymphoid tumors, i.e., the WHO scheme, for rats will facilitate cross-species comparisons, as was recently conducted by the hematopathology subcommittee of the Mouse Models for Human Cancers Consortium (Morse et al., 2002). 

Further research to clarify the factors that affect inherent and chemically induced susceptibility to F344 rat MCL is warranted, particularly given the morphological, functional, and clinical similarities of this rodent leukemia to human T-cell leukemias. As proposed by Stromberg (1985), the F344 rat MCL could serve as a rodent model for the human disease, in which research could be conducted to identify causative factors and disease mechanisms, and to test and develop novel chemotherapies. Thomas et al. (2007) similarly endorsed additional research and analyses of F344 leukemogens, such as tetrachloroethylene, to advance understanding of the mechanisms contributing to the rodent—and by inference, the related human—diseases. 

In summary, the available bioassay evidence and statistical analyses, together with a limited database of studies that characterize the biologic plausibility of tetrachloroethylene as a leukemogen, provide sufficient support of the conclusion that tetrachloroethylene causes MCL in the F344 rat. No mechanistic or other data are available that would rule out the relevance of the F344 MCL for assessing potential carcinogenic hazard to humans.[emphasis added] The NRC (2010) peer review panel agreed that there was little information on the mode of action of tetrachloroethylene-induced rat MCL incidence. The panel, however, had differing opinions about the human relevance of rat MCL. Some of the reviewers judged that more research was needed to establish the relevance of the rat MCL to assessing human cancer hazard or risk. Some reviewers believed that available data were adequate to establish the human relevance of the rat MCL. In the context of quantitative assessment, a majority of the NRC (2010) panel judged that uncertainties associated with MCL were too great to support their selection over other tumor types. 
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1.0 
 Introduction
MassDEP is reevaluating the unit risk value for tetrachloroethylene (PCE) derived by MassDEP in 2008, following the release of new unit risk values by USEPA (2012a). The unit risk (UR) value recommended by USEPA in 2012 is based on hepatic tumors in mice. Although the majority of the National Research Council review committee NRC 2010()
, recommended that the mononuclear leukemia (MCL) observed in rats be excluded from consideration in the derivation of the final PCE UR by USEPA (2012a), a minority concluded that the MCL data should be included. USEPA (2012a) calculated and included a UR for the MCL in USEPA’s health assessment (USEPA 2012a) and on their Integrated Risk Information System (IRIS). The unit risk values derived by MassDEP 2008()
 and proposed by USEPA in 2008 USEPA 2008()
 considered both tumor types as relevant for evaluating human cancer risk from exposure to PCE: hepatic tumors in mice and mononuclear cell leukemia (MCL) in rats.

The MassDEP/DPH Health Effects Advisory Committee convened on March 19, 2012 to discuss the appropriate tumor endpoints for the evaluation of cancer risk from inhalation of PCE. The Advisory Committee recommended that the MCL endpoint be included along with hepatic tumors in the evaluation of cancer risk from environmental exposure to PCE.

However, some members of the Advisory Committee questioned the dose metric for MCL, PCE area under the curve (AUC) in blood, selected by USEPA (2012a). Recognizing that the specific active moiety and mode of action for PCE have not been identified for MCL, the Committee’s view was that a metabolite of PCE is more likely to be associated with development of MCL than the parent molecule, PCE.

The Advisory Committee asked MassDEP to derive unit risks for the MCL data with metabolized dose as the dose metric, using the dose metrics, total oxidized metabolites and total metabolites, derived from the USEPA harmonized PBPK model (USEPA 2012a, Chiu and Ginsberg 2011). In addition, the Advisory Committee asked MassDEP to determine what attributes of the harmonized PBPK model used in the 2012 PCE toxicological review account for the differences in unit risks for MCL and liver tumors from those derived by USEPA for the draft version in 2008.

This document presents the results of the analyses of the extrapolation processes requested by the Advisory Committee. The extrapolation processes in each of the three risk assessments include consideration of the concentration applied to the animals, extrapolation of the duration adjusted applied dose to an animal internal dose, extrapolation to human internal dose and extrapolation of human internal dose to continuous environmental exposure concentration. 
2.0 Methods
2.1 Data Sets
Tumor incidence data for rat MCL (JISA 1993) and mouse hepatocellular adenomas and carcinomas (JISA 1993) were taken from the USEPA (2008, 2012a) and MassDEP (2008) risk assessments. The USEPA 2008 and 2012 reports both use “survival-adjusted tumor incidence” for dose-response modeling of the MCL end point. Data are “survival- adjusted” by omitting “animals dying before the first appearance of the tumor of interest but not later than 52 weeks” (USEPA 2012a, page 5-47). MassDEP (2008) used the same data set as USEPA (2008, 2012a) for the MCL end point. Data are provided in tabular form in Appendix A, Table A-1.
The male rat MCL incidence data (JISA 1993) were used for evaluating the extrapolation process for the metabolized dose metrics. For the PCE AUC in blood dose metric, the male MCL incidence was compared to the male and female incidence data used by USEPA (2012a). The PCE AUC in blood dose metric is the same for the males and females because it is independent of body weight. Metrics that include metabolism include body weight, thus the doses for males and females are not the same and not readily combined.

2.2 Dose Metrics

Dr. Weihsueh Chiu (2012), USEPA, NCEA, provided results from the harmonized PBPK model (Chiu and Ginsberg 2011) for rats, mice and humans for all dose metrics including those not presented in the USEPA PCE toxicological review (USEPA 2012a) or the Chiu and Ginsberg (2011) paper, i.e., total metabolism, total oxidative metabolism, total liver oxidative metabolism, TCA produced, AUC free TCA in plasma, total GSH, and AUC PCE in blood.

2.2.1 Extrapolation from administered dose in animal bioassay to human internal dose
The internal doses estimated using the dose metrics considered in this analysis, total metabolism, total oxidative metabolism and PCE AUC in blood, are presented with the analyses.

2.2.2 Extrapolation from human internal dose to external environmental concentration
The extrapolation from the estimated human internal dose to the external environmental concentration that would be needed to achieve that internal dose is calculated using the dose metric conversion factors (DMCF) resulting from the harmonized PBPK model (Chiu and Ginsberg 2011), presented in Table D-1. The DMCF are independent of the animal data set, accounting for human metabolism only.

The harmonized PBPK model (Chiu and Ginsberg 2011) produced a distribution of posterior estimates. The maximum likelihood estimate of the mode of the posterior distribution is presented in Table D-1 as the “overall” DMCF. The minimum and maximum of the DMCF estimates are also included in Table D-1.

Dr. Chiu (2012) also provided dose metric conversion factors for the PBPK model used in the USEPA (2008) draft risk assessment (Table D-2).

Table D-1.  Dose Metric Conversion Factors (DMCF) from the Harmonized PBPK Model (Chiu and Ginsberg 2011) for Extrapolation from Human Internal Dose to Human External Concentration a
	Maximum Likelihood Estimate (MLE)
	Total metabolism (mg/kg0.75/d per ppm or per mg/kg/d)
	Total oxidative metabolism (mg/kg0.75/d per ppm or per mg/kg/d)
	Total liver oxidative metabolism (mg/kg0.75/d per ppm or per mg/kg/d)
	Total GSH metabolism (mg/kg0.75/d per ppm or per mg/kg/d)b
	PCE AUC in blood (mg-hr/l/d per ppm or per mg/kg/d)

	Overall
	0.473
	0.0448
	0.0363
	0.428
	2.03

	Min
	0.042
	0.0420
	0.0339
	0.00019
	2.01

	Max
	0.4842
	0.0457
	0.0372
	0.44029
	2.36


a Provided by Weihsueh Chiu (2012). Values for inhalation adjusted for continuous exposure.

b Total GSH includes both low and high GSH metabolism.

Table D-2.  Dose Metric Conversion Factors (DMCF) From Draft USEPA Assessment PBPK Model (USEPA 2008) for Extrapolation From Human Internal Dose to Human External Concentrationa
	Total metabolism (mg/kg0.75/d per ppm or per mg/kg/d)

	MLE
	Bois et al. (1996)
	Reitz et al. (1996)
	Rao and Brown (1993)

	Overall
	0.95
	0.405
	0.095


a Provided by Weihsueh Chiu (2012). Values for inhalation adjusted for continuous exposure.  These values are equivalent to the factors in Table 5-9, footnotes d, e, f page 5-62 (USEPA 2008) adjusted from units of mg/kg/d per ppm to units of mg/kg0.75/d per ppm using male rat body weight of 0.45 raised to the 0.25 power (=0.819).

2.3 Dose-Response Modeling
The points of departure (POD) used to derive the URs were calculated for each of the selected dose metrics, using a suite of dose-response models available in the USEPA Benchmark Dose software (version 2.2). A benchmark response of 10% was used for all dose-response models. The lower confidence limit (BMDL10) of the dose associated with 10% response (BMD10) was used as the POD. Model fits were evaluated using Akaike’s Information Criterion (AIC), standardized residuals, p-values and visual inspection of the dose-response plots using guidance provided by USEPA (2012b).

2.4 Comparison Across Extrapolation Methods

The dose metrics from the harmonized PBPK model, accounting for extrapolation from:  1) animal exposure to human internal dose; and 2) human internal dose to continuous environmental concentration were used to derive unit risks for the rat MCL data based on total metabolism, total oxidative metabolism and PCE AUC in blood. These estimates were used to evaluate the differences between the USEPA 2008 and 2012 estimates of metabolized dose and unit risks. 

To facilitate evaluation of where the differences occur across the extrapolation processes, the extrapolation processes and units of the dose metrics used in the analyses conducted by USEPA (2008) and MassDEP (2008) were converted into the same units used by USEPA (2012a).

To understand the reason(s) for the nearly two order of magnitude difference between the URs derived from the mouse hepatocellular adenomas and carcinomas by USEPA in 2008 and 2012, URs for the mouse hepatocellular tumors were also derived. 

3.0 Results

3.1 Data Sets

The same number of animals with tumors and total number of animals per dose group are used for dose-response in both the 2008 and 2012a USEPA reports as well as for the MassDEP 2008 assessment (datasets in Appendix A, Table A-1). Thus, tumor incidence data do not contribute to the differences in UR values between 2008 and 2012 USEPA assessments.

3.2 Extrapolation Process

The extrapolation processes in each of the three risk assessments includes consideration of the,

· concentration applied to the animals adjusted to continuous concentration,
· extrapolation of the continuous concentration to an animal internal dose,
· extrapolation to human internal dose, and, 
· extrapolation of human internal dose to continuous environmental exposure concentration. 

The computational processes used by USEPA 2012a, 2008 and MassDEP 2008 for the extrapolations are similar, but have small differences in when during the extrapolation process the dose response models are run. These differences do not change the resulting values of the URs, but make it a bit more difficult to compare across the processes used in the different risk assessments.  For ease of comparing the USEPA 2012a results with those from earlier assessments, results are presented in the form of the computational process used by USEPA 2012a.
Table D-3 illustrates the extrapolation process for each of the three assessment methods. The three assessments use the same process to duration-adjust the administered animal exposures to continuous exposure, and use body weight to the 0.75 power to extrapolate the animal internal dose to the human internal dose.

The focus of this evaluation is on the differences in the extrapolation processes that arise in two steps of the process, 1) extrapolation of the applied continuous exposure concentration to an animal daily internal dose, and 2) extrapolation of the internal human daily dose to a continuous environmental exposure level, indicated in bold in Table D-3. Both of these steps require assumptions about the metabolism and mode of action of PCE. 

Table D-3.  Summary of the Extrapolation Processes used by MassDEP 2008, USEPA 2008 and USEPA 2012a
	Steps in Extrapolation Process
	USEPA 2012a
	USEPA 2008
	MassDEP 2008

	Adjust bioassay dosing regimen to daily dose
	· Adjust to continuous exposure
	· Adjust to continuous exposure
	· Adjust to continuous exposure

	Adjust daily applied dose to internal animal daily dose
	· Harmonized PBPK model includes adjustment for animal to human internal dose

· Run BMDL model

· Calculate UR in units of internal human daily dose
	· PBPK model of Reitz et al. 1996

· Run BMDL model
	· Michaelis-Menten kinetics

	Adjust internal animal daily dose to internal human daily dose
	
	· BW0.75 scaling of BMD and BMDL to human internal dose
	· BW0.75 scaling of animal internal dose to human internal dose

· Run BMDL model

· Calculate UR as a function of human equivalent metabolized dose

	Adjust internal human daily dose to continuous environmental exposure level
	· Harmonized PBPK model (DMCF) applied to UR

· UR converted to human environmental exposure concentration
	· PBPK models of Rao and Brown (1993), Reitz et al. 1996, and Bois et al. (1996) applied to scaled BMD and BMDL

· Calculate UR as a function of human environmental exposure concentration
	· Adjust UR to human environmental concentration assuming that humans metabolize 61% of the dose at environmental concentrations


3.3 Dose Response Models

Eight dose-response models were evaluated for model fit to the JISA (1993) male rat MCL data, Michaelis-Menten (Hill model with slope fixed at 1 in BMD software), Multistage (restricted to 1 polynomial based on USEPA (2012a) analysis), Gamma, Weilbull, Probit, LogProbit, Logistic and LogLogistic. All of the dose response models had acceptable fits to the male rat MCL incidence data for all dose metrics as evaluated by AIC, p-value and standardized residuals. Summaries of model fit statistics and BMD output for the total metabolism and total oxidative metabolism dose metrics for the eight dose-response models are presented in Appendix E. Based on AIC, standardized residuals and visual inspection of the dose-response curves for the dose-response models for the metabolized dose metrics, the best fitting dose-response models were the Multistage, and LogLogistic. The Multistage model was carried forward in this analysis. Model fits for the PCE AUC in blood dose metric for male only, and female and male combined were acceptable for all but the LogLogistic model with the female and male combined data set; for both data sets the best fitting model using the PCE AUC dose metric was the Michaelis-Menten (Hill) model (USEPA 2012a, Tables D-7 and D-11). 

3.4 Dose Metrics

The three dose metrics that have been used for characterizing PCE cancer risk, total metabolites, total oxidative metabolites and PCE AUC in blood, represent different hypotheses about the active moiety of PCE associated with tumor formation and the extent of metabolism.

Total metabolism includes both the oxidative pathway and the glutathione conjugation pathway. The oxidative metabolism pathway gives rise to a number of metabolites, including one well characterized metabolite, trichloroacetic acid (TCA). A number of active metabolites are generated by the glutathione conjugation pathway. For both pathways the relative contribution of different organ systems, e.g., liver, kidney, lymphocytes and bone marrow, are unknown. Moreover, the active moiety responsible for MCL is not known, thus using a measure of one metabolic pathway for estimating the dose-response relationship may yield erroneous risk estimates.
The extent of predicted metabolism by oxidative and conjugative metabolism varies across species, is shown in Table D-4. The model predicts that humans primarily metabolize PCE using conjugative metabolism, while the rodent test species primarily metabolize PCE using oxidative metabolism. The majority of inhaled PCE is eliminated through the breath before metabolism; this is accounted for in the PBPK modeling.

Table D-4. Species-Specific Metabolism Predicted by Harmonized PBPK Modela
	
	Percent of Total Inhalation Intake Metabolized by

	Species
	Oxidative Metabolism
	Conjugative Metabolism (GSH)

	Mouse
	12
	0.02

	Rat
	3.9
	0.2

	Human
	0.98
	9.4


a Subset of results from Table 10 (Chiu and Ginsberg 2011)

The extrapolation processes for the dose metrics considered most relevant for MCL, concentration in blood (AUC), total metabolism and total oxidative metabolism are shown in Table D-5 for the multistage dose-response model and Table D-6 for the Michaelis-Menten (Hill model with slope set at 1) dose response model.

3.4.1 Active moiety assumptions and selection of dose metric

Selection of the total oxidative metabolism dose-metric implies that only metabolites formed through oxidation by the microsomal mixed function oxidase system, i.e. cytochrome P-450 metabolism, are responsible for PCE tumorogenesis.

The total metabolism dose metric implies that metabolites formed through conjugation with glutathione (GSH) by glutathione S-transferases and subsequent metabolism, contribute to PCE tumorogenesis in addition to the oxidative metabolites from P-450.
PCE AUC in blood is the least specific of the three dose metrics and implies that the concentration of the parent compound reaching the tissues is associated with concentration of the active moiety responsible for PCE tumorogenesis.
Because the active moiety associated with MCL incidence is not known, dose metrics that include consideration of a broader group of metabolites may be the most appropriate, i.e., total metabolism and PCE AUC in blood.

There is less uncertainty with regard to metabolic rates for the products of the oxidative pathway. This is because the extent of oxidative metabolism in mice, rats and humans is relatively well characterized by the available data, yielding a PBPK model with a prediction range of less than 1.5-fold (Chiu and Ginsberg (2011). The extent of glutathione metabolism in humans and rodents has a great deal of variability and uncertainty because the data for characterizing the metabolism parameters is very limited (Chiu and Ginsberg 2011). The output from the PBPK modeling of glutathione conjugation (Chiu and Ginsberg 2011) predicts two modes, each with acceptable model fit, that are 3000-fold different.

3.4.2 Extrapolation to animal/human internal dose

The human internal dose of total and total oxidative metabolites, derived using the animal PBPK parameters adjusted by BW3/4, are very similar when estimated using the USEPA (2012a) harmonized model (Table D-5). Both metrics yield a larger internal dose that increases faster as the applied dose increases than the dose of total metabolite estimated by USEPA in their draft assessment (USEPA 2008) using the Reitz et al. 1996()
 PBPK model. The total metabolized dose estimated by MassDEP (2008) using simple Michaelis-Menten kinetics estimates the highest dose of metabolites; however the amount of metabolites increases by a similar amount as that of the Reitz et al. (1996) model.

The PCE AUC in blood dose metric cannot be directly compared to estimates of metabolized dose in this phase of the extrapolation process.

The BMDL10s across the different dose metrics and dose response models are within a factor of 7.3 of each other (Tables D-5 and D-6). Within each of the dose-response models, the various 
Table D-5.  Unit Risks for Male Rata MCL (JISA 1993) Based on Dose Metrics Calculated Using PBPK Models used in USEPA 2008 and 2012 with the Multistage Dose–Response Model

	Extrapolation Steps
	USEPA 2012a
	USEPA 2008
	MassDEP 2008

	Administered dose (continuous exposure equivalent)(ppm)
	50  (9)

200  (36)

600  (108)

	Extrapolation From Administered Dose to Human Internal Dose

	Metabolism Metric
	PCE AUC in Bloodb
	Total Metabolism
	Total Oxidative Metabolism
	Total Metabolized Dose
Reitz et al. (1996) PBPK animal model
	Total Metabolized Dose

	
	(mg-hour/L/day)
	(mg/kg3/4-d)
	(mg/kg3/4-d)
	(mg/kg3/4-d)c
	(mg/kg3/4-d)d

	Human internal dose (converted within PBPK model using BW3/4)e
	20

81

247
	1.49

5.3

12.55
	1.42

5.0

11.64
	1.15

2.95

5.0
	3.37

9.68

16.56

	POD Human internal dosef
BMD10
BMDL10
	Male & Female

72.1

47.2
	Male

46.1

29.7
	2.32

1.53
	2.15

1.42
	0.972

0.661
	3.21

2.18

	Unit Risk per(internal dose metric in column)g
	0.002
	0.003
	0.0654
	0.070
	0.151
	0.046

	Extrapolation From Human Internal Dose to Human External Concentration

	Extrapolation to Human External Concentration
	Bois et al. (1996)
	Reitz et al. (1996)
	Rao and Brown (1993)
	MassDEP (2008)

	Dose Metric Conversion Factor (DMCF)h
	2.03
	2.03
	0.473
	0.0448
	0.95
	0.405
	0.095
	1.367i

	Unit risk 
(x 10-3 per ppm)j
	4.3
	6.8
	31
	3.2
	144
	61
	14
	63

	Unit Risk per (ug/m3)k
	6x10-7
	1x10-6
	4.6x10-6
	4.6x10-7
	2.1x10-5
	9x10-6
	2.1x10-6
	9.3x10-6


a  All data except that specifically noted as male and female MCL are male rat MCL.
b  The first PCE AUC in blood column uses the male and female rat MCL data combined as calculated by USEPA.  The next PCE AUC in blood column uses the male rat data only.
c USEPA (2008), Table 5-7 “Total Metabolism (mg/kg-day)” was multiplied by the male rat body weight to the 0.25 power, (0.45 kg)0.25 = 0.819, to convert units to mg/kg0.75-day.
d  MassDEP (2008), Table G-1 “Total Animal Metabolized Dose (mg/kg-day)” was multiplied by the male rat body weight to the 0.25 power, (0.45 kg)0.25 = 0.819, to convert units to mg/kg0.75-day.
e  Human internal dose metrics provided by Chiu (2012) for 2012 and 2008 dose metrics.

f  BMC10 and BMCL10 derived using USEPA BMD software (version 2.2).  BMD models run by USEPA (2012a) for JISA (1993) MCL data in units of PCE AUC in blood.  BMD models run by MassDEP for the Total Metabolism (2012), Total Oxidative Metabolism (2012) and Total Metabolized Dose (2008) dose metrics.
g  Unit risk per internal dose metric is calculated as the BMD response rate (0.1) divided by BMDL10.

h Dose metric conversion factor specific to the dose metric in column in units “dose metric” per ppm.  DMCF factors provided in Tables D-1 and D-2 for 2012 and 2008 dose metrics.

i  PBPK factor not calculated by MassDEP (2008), this DMCF was backed out from MassDEP (2008) calculation to permit comparison.
j  Unit risk per ppm is calculated as the unit risk per internal dose metric multiplied by the unit specific DMCF.
k– Conversion factor 1 ppm = 6.78 mg/m3.  Unit risk per ppm divided by 6780 ug/m3 = unit risk per ug/m3.

Table D-6.  Unit Risks for Male Rata MCL (JISA 1993) Based on Dose Metrics Calculated Using PBPK Models used in USEPA 2008 and 2012 with the Michaelis-Menten (Hill) Dose–Response Model
	Extrapolation Steps
	USEPA 2012a
	USEPA 2008
	MassDEP 2008

	Administered dose (continuous exposure equivalent)(ppm)
	50  (9)

200  (36)

600  (108)

	Extrapolation From Administered Dose to Human Internal Dose

	Metabolism Metric
	PCE AUC in Bloodb
	Total Metabolism
	Total Oxidative Metabolism
	Total Metabolized Dose Reitz et al. (1996) PBPK animal model
	Total Metabolized Dose

	
	(mg-hour/L/day)
	(mg/kg3/4-d)
	(mg/kg3/4-d)
	(mg/kg3/4-d)c
	(mg/kg3/4d)d

	Human internal dose (converted within PBPK model using BW3/4)e
	20

81

247
	1.49

5.3

12.55
	1.42

5.0

11.64
	1.15

2.95

5.0
	3.37

9.68

16.56

	POD Human internal dosef
BMD10
BMDL10
	Male & Female

17.4

3.0
	Male

19.4

4.94
	1.43

0.379
	1.39

0.377
	0.819

0.298
	2.679

0.897

	Unit Risk per(internal dose metric in column)g
	0.0333
	0.0202
	0.2639
	0.2653
	0.3356
	0.1115

	Extrapolation From Human Internal Dose to Human External Concentration

	Harmonized PBPK Model
	Bois et al. (1996)
	Reitz et al. (1996)
	Rao and Brown (1993)
	MassDEP (2008)

	Dose Metric Conversion Factor (DMCF)h
	2.03
	2.03
	0.473
	0.0448
	0.95
	0.405
	0.095
	1.367i

	Unit risk 
(x 10-3 per ppm)j
	67.7
	41
	125
	11.9
	319
	136
	31.9
	152

	Unit Risk per (ug/m3)k
	1x10-5
	6x10-6
	1.8x10-5
	1.8x10-6
	4.7x10-5
	2x10-5
	4.7x10-6
	2.3x10-5


a  All data except that specifically noted as male and female MCL are male rat MCL.
b  The first PCE AUC in blood column uses the male and female rat MCL data combined as calculated by USEPA and presented as MCL unit risk in 2012 PCE Toxicological Review.  The next PCE AUC in blood column uses the male rat data only.
c  USEPA (2008), Table 5-7 “Total Metabolism (mg/kg-day)” was multiplied by the male rat body weight to the 0.25 power, (0.45 kg)0.25 = 0.819, to convert units to mg/kg0.75-day.
d  MassDEP (2008), Table G-1 “Total Animal Metabolized Dose (mg/kg-day)” was multiplied by the male rat body weight to the 0.25 power, (0.45 kg)0.25 = 0.819, to convert units to mg/kg0.75-day.
e  Human internal dose metrics provided by Chiu (2012) for 2012 and 2008 dose metrics.
f  BMC10 and BMCL10 derived using USEPA BMD software (version 2.2).  BMD models run by USEPA (2012a) for JISA (1993) MCL data in units of PCE AUC in blood.  BMD models run by MassDEP for the Total Metabolism (2012), Total Oxidative Metabolism (2012) and Total Metabolized Dose (2008) dose metrics.
g  Unit risk per internal dose metric is calculated as the BMD response rate (0.1) divided by BMDL10.
h Dose metric conversion factor specific to the dose metric in column in units “dose metric” per ppm.  DMCF factors provided in Tables D-1 and D-2 for 2012 and 2008 dose metrics.
i  PBPK factor not calculated by MassDEP (2008), this DMCF was backed out from MassDEP (2008) calculation to permit comparison.
j  Unit risk per ppm is calculated as the unit risk per internal dose metric multiplied by the unit specific DMCF.
k  Conversion factor 1 ppm = 6.78 mg/m3.  Unit risk per ppm divided by 6780 ug/m3 = unit risk per ug/m3.

metabolized dose metrics are within a factor of 3.3. BMDL10s and URs estimated for PCE AUC in blood for the two data sets, male and female, and male-only, are within a factor of 1.6.

3.4.3 Extrapolation from human internal dose to continuous environmental exposure concentration
The URs across the different dose metrics and dose-response models range from 4.6x10-7 to 4.7x10-5 per ug/m3, a factor of 100-fold. The lowest UR was estimated using the multistage dose-response model and total oxidative metabolism using the USEPA (2012a) harmonized PBPK model. The highest UR was estimated using the Hill dose-response model and total metabolized dose using the USEPA (2008) Reitz et al. (1996) PBPK model with the Bois et al. 1996()
 PBPK model to extrapolate to human exposure concentrations.
Multistage model (Table D-5) – The range of URs across the different dose metrics is 46-fold.  Two unit risk estimates are essentially the same, 9x10-6 per ug/m3: total metabolism with the Reitz et al. (1996) model (USEPA 2008), and total metabolism (MassDEP 2008).  The UR for the USEPA (2012a) total metabolism metric is 4.6x10-6 per ug/m3.

Hill model (Table D-6) - The range of URs across the different dose metrics is 28-fold.  Three unit risk estimates are essentially the same, 2x10-5 per ug/m3: total metabolism (USEPA 2012a), total metabolism with the Reitz et al. (1996) model (USEPA 2008), and total metabolism (MassDEP 2008).
3.4.4 Dose metrics calculated using the USEPA 2012 harmonized PBPK model
USEPA (2012a) recommended a UR of 1 x 10-5 per ug/m3 for the MCL based on the PCE AUC in blood dose metric using the combined MCL incidence data for male and female rats. The male-only data for the same dose metric yields a UR of 6 x 10-6, 1.6-fold lower than the male and female combined UR. 

The dose metrics, total oxidative metabolism and total metabolism yield URs 10-fold apart with the lower risk associated with total oxidative metabolism with a UR of 1.8x10-6 per ug/m3, compared to total metabolism with a UR of 1.8x10-5 per ug/m3 for the Michaelis-Menten dose-response model (Table D-7). This result is expected as total metabolism is the sum of total oxidative metabolism and total GSH metabolism. The URs for total oxidative metabolism and total metabolism are essentially the same for the animal internal dose (adjusted to human internal dose), 0.2652 and 0.2638 mg/kg0.75/day, respectively for the Michaelis-Menten dose-response model and 0.0643 and 0.070 mg/kg0.75/day, respectively for the multistage dose-response model. The 10-fold difference arises after the human internal dose is adjusted for human metabolism.

Table D-7.  Unit Risks for MCL Using Harmonized PBPK Model (Chiu and Ginsberg 2011)
	
	Unit Risk (per ug/m3)

	
	Dose-Response Model (BMD)

	Dose Metric
(units of dose metric)
	Michaelis-Menten
(Hill)
	Multistage
	LogLogistic

	Female and Male Rats

	PCE AUC in blood
(mg-hour/L/day)a
	9.98 x 10-6
(1 x 10-5)

Recommended by USEPA 2012
	
	

	Male Rats

	PCE AUC
(mg-hour/L/day)a,b
	6.06 x 10-6

(6 x 10-6)
	1.01 x 10-6
(1 x 10-6)
	---

	Total Metabolism
(mg/kg 0.75-d)c
	1.84 x 10-5
(2 x 10-5)
	4.56 x 10-6
(5 x 10-6)
	6.52 x 10-6
(6 x 10-6)

	Total Oxidative Metabolism
(mg/kg 0.75-d)c
	1.75 x 10-6
(2 x 10-6)
	4.32 x 10-7
(4 x 10-7)
	6.18 x 10-7

(6 x 10-7)


a Derived by USEPA (2012a) using the JISA (1993) rat bioassay data, Table 5-18, and pages D-22, D-36, and D-58.

b Bold indicates best fitting dose-response model for each dose metric.

c Calculated by MassDEP using the JISA (1993) rat bioassay data, dose metric conversion factors (DMCF) provided by Chiu (2012) and USEPA BMDS software, version 2.2.

3.4.5 Hepatic Tumors in Mice - Why are USEPA 2012 results different from USEPA 2008 draft results?
USEPA’s final UR for PCE, 3 x 10-7 per ug/m3, was based on hepatocellular adenomas and carcinomas observed in male mice from the bioassay conducted by JISA (1993) (USEPA 2012a). USEPA (2012a) used liver total oxidized metabolism estimated using the harmonized PBPK model (Chiu and Ginsberg 2011) as the dose metric and the multistage model to calculate the BMDL10 and the UR. The final USEPA (2012a) UR is up to a factor of 27 lower than the range of UR’s calculated by USEPA (2008) based on the same endpoint and data set, and up to a factor of 6.7 to 67 lower that the range of UR’s based on MCL recommended in the draft (USEPA 2008).
Two changes in the approach to estimating the metabolized dose metric occurred between the two assessments.  First, the PBPK models used in the 2008 assessment were updated and harmonized by Chiu and Ginsberg (2011), and second, the less specific dose metric used in the 2008 assessment - total metabolism - was replaced with the more specific dose metric, liver total oxidative metabolism.

To permit comparison between the PBPK models used in 2008 and 2012 to estimate PCE metabolism related to liver tumors, the outputs of the PBPK models used in the 2008 assessment were translated into the format of the PBPK model used in the 2012 assessment, shown in Table D-8.

Table D-8.  Unit Risks for Male Mouse Liver Adenomas and Carcinomas (JISA 1993) Based on Dose Metrics Calculated Using PBPK Models Used in USEPA 2008 and 2012 using the Multistage Dose–Response Model

	Extrapolation Steps
	USEPA 2012
	USEPA 2008

	Administered dose (continuous exposure equivalent)(ppm)a
	10  (1.8)

50  (9.0)

250  (45)

	Extrapolation From Administered Dose to Human Internal Dose

	Metabolism Metric
	Liver Total Oxidative Metabolismb
	Total Metabolized Dose Reitz et al. (1996) PBPK Modelc

	
	(mg/kg3/4-d)
	(mg/kg3/4-d)c

	Human internal dose (converted within PBPK model using BW3/4)
	2.25

8.3

33.6
	1.59

6.55

16.85

	POD Human internal dosed
BMD10
BMDL10
	2.9

2.1
	5.62

1.69

	Unit Risk per(internal dose metric in column)e
	0.0476
	0.0593

	Extrapolation From Human Internal Dose to Human External Concentration

	Harmonized PBPK Model (Chiu and Ginsberg 2011)
	Bois et al. (1996)
	Reitz et al. (1996)
	Rao and Brown (1993)

	Dose Metric Conversion Factor (DMCF)f
	0.0363
	0.95
	0.405
	0.095

	Unit risk 
(x 10-3 per ppm)g
	1.7
	56
	24
	5.6

	Unit Risk per (ug/m3)h
	2.6x10-7
	8.3x10-6
	3.5x10-6
	8.3x10-7


a  Male mouse (JISA 1993) exposure concentrations and survival adjusted tumor incidence from Table 5-5 (USEPA 2008), Table 5-13 (USEPA 2012a).
b  Liver Total Oxidative Metabolism, Table 5-17 (USEPA 2012a).
c  USEPA (2008), Table 5-5 “Total Metabolism (mg/kg-day)” was multiplied by the male mouse body weight to the 0.25 power, (0.048 kg)0.25 = 0.468, to convert units to mg/kg0.75-day.
d  Multistage model with one polynomial run using BMDS (version 2.2) to confirm USEPA 2012a BMDL10.  USEPA (2008) BMD10 and BMDL10 calculated by converting to units of mg/kg0.75-day by multiplying the BMD10 and BMDL10 by a factor of 0.468 (male mouse body weight to the 0.25 power,(0.048 kg)0.25 = 0.468.
e  Unit risk per internal dose metric is calculated as the BMD response rate (0.1) divided by BMDL10.
f  Dose metric conversion factor specific to the dose metric in the column in units “dose metric” per ppm.  DMCF factors provided in Tables 1 and 2 for 2012 and 2008 dose metrics, respectively.
g  Unit risk per ppm is calculated as the unit risk per internal dose metric multiplied by the unit specific DMCF.
h  Conversion factor 1 ppm = 6.78 mg/m3.  Unit risk per ppm divided by 6780 ug/m3 = unit risk per ug/m3.
Table D-9. Difference between USEPA 2012 and USEPA 2008 Male Mouse Liver UR

	
	Ratio 2012 and 2008 Values

	Extrapolation from Administered Dose to Human Internal Dosea
	1.2

	
	Bois et al. (1996)
	Reitz et al. (1996)
	Rao and Brown (1993)

	Extrapolation from Human Internal Dose to Human External Concentrationb
	26.2
	11.0
	2.6

	Totalc
	32.0
	13.5
	3.2


a – Ratio BMDL10 USEPA 2012a/USEPA 2008

b – Ratio DMCF USEPA 2008/USEPA 2012a
c – Ratio UR USEPA 2008/USEPA 2012a
Extrapolation from administered dose to human internal dose accounts for a minor decrease, 1.2-fold, in the 2012 URs based on liver tumors (Table D-9). The extrapolation from human internal dose to human external concentration contributes a 3 to 26-fold decrease in the estimate of the 2012 UR. Assumptions about the extent of human metabolism are the main contributor to the differences across PBPK models.

3.5 Collective Unit Risk Estimates
The unit risk estimates produced by the various permutations of dose metrics, dose response models, etc. for MCL data are presented in Figure D-1 to illustrate the range of unit risks that result from an exploration of different approaches to modeling PCE exposures to rodents and then extrapolating to humans. The value which was identified by MassDEP in 2008 is highlighted as is the USEPA (2012a) value for MCL where the harmonized PBPK model was used. For contrast, the UR identified as USEPA’s (2012a) preferred PCE UR associated with male mouse hepatocellular tumors is shown. The cases evaluated are numerically coded on the y-axis of the figure and the conditions associated with each numeric code are contained in the table following the figure. 

The range of unit risks estimated for the MCL endpoint range from about 1x10-6 to 2x10-5 per ug/m3. In contrast, the rat UR based upon hepatocellular tumors at 3x10-7 per ug/m3 is almost an order of magnitude less than the low end of the MCL UR range. 
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Key to cases:
	Case#
	Agency
	Year
	Calculated by
	Sex
	Animal to Internal Dosea
	Internal Dose to Human Continuous Conc.b
	DR Modelc
	Dose Metricd
	UR per ug/m3

	17e
	MassDEP
	2008
	MassDEP
	Male
	MM
	BW, 61%
	MS
	TM
	9.3E-06

	16
	MassDEP
	2008
	MassDEP
	Male
	---f
	---f
	MS
	AC
	1.1E-06

	15
	USEPA
	2008
	USEPA
	Male
	Reitz
	Rao and Brown
	MS
	TM
	2.1E-06

	14
	USEPA
	2008
	USEPA
	Male
	Reitz
	Reitz
	MS
	TM
	9.0E-06

	13
	USEPA
	2008
	USEPA
	Male
	Reitz
	Bois
	MS
	TM
	2.1E-05

	12
	USEPA
	2008
	USEPA
	Male
	---
	---
	MS
	AC
	1.2E-06

	11
	 
	2012
	MassDEP
	Male
	MM
	Harmonized
	H
	TM
	7.8E-06

	10
	 
	2012
	MassDEP
	Male
	MM
	Harmonized
	MS
	TM
	3.2E-06

	9
	`
	2012
	MassDEP
	Male
	MM
	BW, 61%
	H
	TM
	2.3E-05

	8
	 
	2012
	MassDEP
	Male
	Reitz
	Rao and Brown
	H
	TM
	4.7E-06

	7
	 
	2012
	MassDEP
	Male
	Reitz
	Reitz
	H
	TM
	2.0E-05

	6
	 
	2012
	MassDEP
	Male
	Reitz
	Bois
	H
	TM
	4.7E-05

	5
	 
	2012
	MassDEP
	Male
	Harmonized
	Harmonized
	H
	TM
	1.8E-05

	4
	 
	2012
	MassDEP
	Male
	Harmonized
	Harmonized
	H
	TOM
	1.8E-06

	3
	USEPA
	2012
	USEPA
	Male
	Harmonized
	Harmonized
	H
	AUC
	6.1E-06

	2
	USEPAg
	2012
	USEPA
	Male and Female
	Harmonized
	Harmonized
	H
	AUC
	1.0E-05

	1
	USEPAh
	2012
	USEPA
	 
	 
	 
	 
	 
	2.6E-07


aMethod for converting animal exposure concentration to internal dose, Harmonized = PBPK model by Chiu and Ginsberg (2011) used by USEPA (2012a), Reitz = PBPK model by Reitz et al. 1996 used by USEPA (2008), MM = Michaelis-Menten Kinetics used  by MassDEP (2008).

bMethod for extrapolating from human internal dose to human external concentration, Harmonized = PBPK model by Chiu and Ginsberg (2011) used by USEPA (2012a), Reitz = PBPK model by Reitz et al. 1996 used by USEPA (2008), Bois = PBPK model by Bois et al. (1996) used by USEPA (2008), Rao & Brown = PBPK model by Rao & Brown (1993) used by USEPA (2008), BW, 61% = body weight scaling by 3/4 power, assuming 61% human metabolism of PCE by MassDEP (2008).
cDR Models: H = Michaelis-Menten (Hill); MS = Multistage. 

dDose Metric: AUC = PCE AUC in Blood; TOM = Total Oxidative Metabolism; TM = Total Metabolism; AC = Administered Concentration.

e MassDEP recommended (2008); fno extrapolation; g EPA recommended for MCL (2012a); h based on hepatic tumors. 
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Appendix E

Appendix E
Benchmark Dose Outputs for Comparison of Unit Risk Derivations for MCL by USEPA 2008, 2012a and MassDEP 2008 Using Male Rat Data Set (JISA 1993)
Table E-1.
Total Metabolism (mg/kg0.75-day) Male - Dose Metric – USEPA 2012
E-2
Table E-2.
Total Oxidative Metabolism (mg/kg0.75-day) Male - Dose Metric – USEPA 2012
E-3

Table E-3.
Total Metabolism (mg/kg0.75-day) Male - Dose Metric – USEPA 2008
E-4

Table E-4.
Total Metabolism (mg/kg0.75-day) Male - Dose Metric - MassDEP 2008
E-5

Output from Benchmark Dose Model Runs

BMD Output 1.
Total Metabolism (mg/kg0.75-day) Male - Dose Metric - USEPA 2012
E-6



Model Order for each output:


Dichotomous-Hill Model
Multistage Cancer Model
Gamma Multi-Hit Model
Weibull Model
LogProbit Model
Probit Model
Logistic Model
Log-Logistic Model

BMD Output 2.
Total Oxidative Metabolism (mg/kg0.75-day) Male - Dose Metric - USEPA 2012
E-22
BMD Output 3.
Total Metabolism (mg/kg0.75-day) Male - Dose Metric - USEPA 2008
E-38
BMD Output 4.
Total Metabolism (mg/kg0.75-day) Male - Dose Metric - MassDEP 2008
E-54
Table E-1.  Comparison of Model Predictions for MCL in Male Rats (JISA 1993), using Total Metabolized Dose from Harmonized PBPK Model (mg/kg0.75-day)(Chiu and Ginsberg 2011)
	
	Goodness of Fit
	
	
	

	Modela
	p-valueb
	Largest standardized residual(s)c
	AICd
	BMD10
(mg/kg0.75-day)
	BMDL10
(mg/kg0.75-day)
	Comments

	Michaelis-Menton (Hill)
	0.7337
	-0.24, low-dose 

(0.209, mid-dose)e
	255.69
	1.43
	0.38
	Slope specified = 1

	Multistage
	0.7503
	0.628, mid-dose 

(0.044, low-dose)
	254.144
	2.325
	1.533
	Polynomial degree = 1. Best fitting model based on AIC, and smallest standardized residual at low-dose.

	Gamma
	0.7503
	0.628, mid-dose 

(-0.044, low-dose)
	254.144
	2.325
	1.533
	

	Weibull
	0.7503
	0.628, mid-dose 

(-0.044, low-dose)
	254.144
	2.325
	1.533
	

	LogProbit
	0.4113
	0.977, mid-dose 

(0.199, low-dose)
	255.342
	4.08
	2.8
	

	Probit
	0.5258
	0.933, mid-dose 

(-0.067, low-dose)
	254.85
	3.29
	2.48
	

	LogLogistic
	0.8828
	0.404, mid-dose 

(-0.108, low-dose)
	253.82
	1.827
	1.07
	

	Logistic
	0.5098
	0.949, mid-dose 

(-0.075, low-dose)
	254.912
	3.38
	2.55
	


a All models run using USEPA Benchmark Dose Software (BMDS) version 2.2, Build 12/08/11.

b P-values for multiple comparisons should be <0.1.  A higher p-value indicates better fit.  P-values cannot be used to compare across models since the p-value statistic assumes that model is correct (USEPA 2000).

c Standardized (scaled) residuals – residuals should be less than 2.0 in absolute value, smaller values indicate better fits.

d Akaike’s Information Criterion (AIC) – For comparing unrelated models, smaller values indicate better fit.

e For the Goodness of Fit (GoF) measures, largest standardized residuals and AIC, the bolded values indicate the best fitting value across the D-R models for that GoF measure.  For the Largest Standardized Residuals, the first line is the largest of the standardized residuals for that D-R model, the second line is the value of the standardized residual of the low-dose, or the named dose if the first line has the low-dose.  Standardized residuals for the low-dose were included in the assessment of best model fit. 

Table E-2.  Comparison of Model Predictions for MCL in Male Rats (JISA 1993), using Total Oxidative Metabolized Dose from Harmonized PBPK Model (mg/kg0.75-day)( Chiu and Ginsberg 2011)
	
	Goodness of Fit
	
	
	

	Modela
	p-valueb
	Largest standardized residual(s)c
	AICd
	BMD10
(mg/kg0.75-day)
	BMDL10
(mg/kg0.75-day)
	Comments

	Michaelis-Menton (Hill)
	0.7055
	-0.266, low-dose (0.234, mid-dose)e
	255.717
	1.39
	0.377
	Slope specified = 1

	Multistage
	0.7646
	0.613, mid-dose
(-0.074, low-dose)
	254.106
	2.15
	1.42
	Polynomial degree = 1. Best fitting model based on AIC, and smallest standardized residual at low-dose.

	Gamma
	0.7646
	0.613, mid-dose
(-0.074, low-dose)
	254.106
	2.15
	1.42
	

	Weibull
	0.7646
	0.613, mid-dose
(-0.074, low-dose)
	254.106
	2.15
	1.42
	

	LogProbit
	0.4316
	0.948, mid-dose (0.198, low-dose)
	255.246
	3.78
	2.60
	

	Probit
	0.5407
	0.918, mid-dose
(-0.082, low-dose)
	254.794
	3.05
	2.30
	

	LogLogistic
	0.8871
	0.395, mid-dose
(-0.151, low-dose)
	253.812
	1.70
	1.00
	

	Logistic
	0.5243
	0.934, mid-dose
(-0.089, low-dose)
	254.855
	3.13
	2.37
	


a All models run using USEPA Benchmark Dose Software (BMDS) version 2.2.

b P-values for multiple comparisons should be <0.1.  A higher p-value indicate better fit.  P-values cannot be used to compare across models since the p-value statistic assumes that model is correct (USEPA 2000).

c Standardized (scaled) residuals – residuals should be less than 2.0 in absolute value, smaller values indicate better fits.

d Akaike’s Information Criterion (AIC) – For comparing unrelated models, smaller values indicate better fit.

e For the Goodness of Fit (GoF) measures, largest standardized residuals and AIC, the bolded values indicate the best fitting value across the D-R models for that GoF measure.  For the Largest Standardized Residuals, the first line is the largest of the standardized residuals for that D-R model, the second line is the value of the standardized residual of the low-dose, or the named dose if the first line has the low-dose.  Standardized residuals for the low-dose were included in the assessment of best model fit.

Table E-3.  Comparison of Model Predictions for MCL in Male Rats (JISA 1993), using Total Metabolized Dose from Reitz et al. (1996) PBPK Model (mg/kg0.75-day)(USEPA 2008)
	
	Goodness of Fit
	
	
	

	Modela
	p-valueb
	Largest standardized residual(s)c
	AICd
	BMD10
(mg/kg0.75-day)
	BMDL10
(mg/kg0.75-day)
	Comments

	Michaelis-Menton (Hill)
	0.8354
	-0.509, low-dose

(0.097, mid-dose)e
	253.938
	0.819
	0.298
	Slope specified = 1

	Multistage
	0.9095
	-0.353, low-dose

(0.194, mid-dose)
	253.765
	0.972
	0.661
	Polynomial degree = 1. Best fitting model based on AIC.

	Gamma
	0.7207
	0.266, mid-dose

(-0.193, low-dose)
	255.701
	1.19
	0.664
	

	Weibull
	0.7622
	0.220, mid-dose 

(-0.171, low-dose)
	255.665
	3.55
	2.18
	

	LogProbit
	0.8717
	0.335, mid-dose 

(0.153, low-dose)
	253.848
	1.66
	1.18
	

	Probit
	0.8730
	0.438, mid-dose 

(-0.162, low-dose)
	253.844
	1.33
	1.04
	

	LogLogistic
	0.7701
	0.212, mid-dose 

(-0.160, low-dose)
	255.659
	1.21
	0.516
	

	Logistic
	0.8621
	0.458, mid-dose 

(-0.150, low-dose)
	253.869
	1.37
	1.08
	


a All models run using USEPA Benchmark Dose Software (BMDS) version 2.2.

b P-values for multiple comparisons should be <0.1.  A higher p-value indicate better fit.  P-values cannot be used to compare across models since the p-value statistic assumes that model is correct (USEPA 2000).

c Standardized (scaled) residuals – residuals should be less than 2.0 in absolute value, smaller values indicate better fits.

d Akaike’s Information Criterion (AIC) – For comparing unrelated models, smaller values indicate better fit.

e For the Goodness of Fit (GoF) measures, largest standardized residuals and AIC, the bolded values indicate the best fitting value across the D-R models for that GoF measure.  For the Largest Standardized Residuals, the first line is the largest of the standardized residuals for that D-R model, the second line is the value of the standardized residual of the low-dose, or the named dose if the first line has the low-dose.  Standardized residuals for the low-dose were included in the assessment of best model fit. 

Table E-4  Comparison of Model Predictions for MCL in Male Rats (JISA 1993), using Total Metabolized Dose (MassDEP 2008) (mg/kg0.75-day)
	
	Goodness of Fit
	
	
	

	Modela
	p-valueb
	Largest standardized residual(s)c
	AICd
	BMD10
(mg/kg0.75-day)
	BMDL10
(mg/kg0.75-day)
	Comments

	Michaelis-Menton (Hill)
	0.8977
	-0.392, low-dose 

(0.068, mid-dose)e
	253.791
	2.679
	0.8967
	Slope specified = 1

	Multistage
	0.9481
	-0.245 low dose
(0.177, mid-dose)
	253.681
	3.21
	2.176
	Polynomial degree = 1. Best fitting model based on AIC.

	Gamma
	0.7675
	0.220, mid-dose
(-0.157, low-dose)
	255.661
	3.613
	2.179
	

	Weibull
	0.7622
	0.220, mid-dose
(-0.171, low-dose)
	255.665
	3.552
	2.178
	

	LogProbit
	0.8400
	0.339, mid-dose
(0.230, low-dose)
	253.922
	5.528
	3.936
	

	Probit
	0.8764
	0.431, mid-dose
(-0.087, low-dose)
	253.836
	4.402
	3.426
	

	LogLogistic
	0.8227
	0.162, mid-dose
(-0.120, low-dose)
	255.624
	3.707
	1.663
	

	Logistic
	0.8634
	0.451, mid-dose
(-0.078, low-dose)
	253.866
	4.536
	3.543
	


a All models run using USEPA Benchmark Dose Software (BMDS) version 2.2.

b P-values for multiple comparisons should be <0.1.  A higher p-value indicate better fit.  P-values cannot be used to compare across models since the p-value statistic assumes that model is correct (USEPA 2000).

c Standardized (scaled) residuals – residuals should be less than 2.0 in absolute value, smaller values indicate better fits.

d Akaike’s Information Criterion (AIC) – For comparing unrelated models, smaller values indicate better fit.

e For the Goodness of Fit (GoF) measures, largest standardized residuals and AIC, the bolded values indicate the best fitting value across the D-R models for that GoF measure.  For the Largest Standardized Residuals, the first line is the largest of the standardized residuals for that D-R model, the second line is the value of the standardized residual of the low-dose, or the named dose if the first line has the low-dose.  Standardized residuals for the low-dose were included in the assessment of best model fit.

BMD Output 1.  Total Metabolism (mg/kg0.75/day) JISA Rat MCL (USEPA 2012a)
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 ==================================================================== 

   
  Dichotomous Hill Model. (Version: 1.2; Date: 08/05/2011) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Setting.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Setting.plt

 






Wed Mar 28 14:17:38 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = v*g +(v-v*g)/[1+EXP(-intercept-slope*Log(dose))]

        where: 0 <= g < 1, 0 < v <= 1

               v is the maximum probability of response predicted by the model,

               and v*g is the background estimate of that probability.

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is set to 1

   Total number of observations = 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  

                              v =            1

                              g =         0.22

                      intercept =      -2.8123

                          slope =            1   Specified

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

                      v            g    intercept

         v            1        -0.88        -0.96

         g        -0.88            1         0.76

 intercept        -0.96         0.76            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

              v         0.778179         0.403759          -0.0131735             1.56953

              g         0.275256         0.137763          0.00524612            0.545267

      intercept         -2.18059          1.50014            -5.12081            0.759635

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.845         3      0.116162      1          0.7332

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:          255.69

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2142        10.710    11.000          50        0.100

    1.4900     0.2955        14.773    14.000          50       -0.240

    5.3000     0.4254        21.271    22.000          50        0.209

   12.5500     0.5449        27.246    27.000          50       -0.070

 Chi^2 = 0.12      d.f. = 1        P-value = 0.7337

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.43295

            BMDL =      0.378796
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 ==================================================================== 

   
  Multistage Cancer Model. (Version: 1.9;  Date: 05/26/2010) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.plt

 






Wed Mar 28 14:17:38 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(

                 -beta1*dose^1)]

   The parameter betas are restricted to be positive

   Dependent variable = Observed

   Independent variable = Dose

 Total number of observations = 4

 Total number of records with missing values = 0

 Total number of parameters in model = 2

 Total number of specified parameters = 0

 Degree of polynomial = 1

 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 =     0.244426

                        Beta(1) =     0.041996

           Asymptotic Correlation Matrix of Parameter Estimates

             Background      Beta(1)

Background            1        -0.67

   Beta(1)        -0.67            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.232705            *                *                  *

        Beta(1)        0.0453158            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.072         2      0.570179      2          0.7519

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.144

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2327        11.635    11.000          50       -0.213

    1.4900     0.2828        14.140    14.000          50       -0.044

    5.3000     0.3965        19.826    22.000          50        0.628

   12.5500     0.5655        28.276    27.000          50       -0.364

 Chi^2 = 0.57      d.f. = 2        P-value = 0.7503

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.32503

            BMDL =        1.53336

            BMDU =        4.38834

Taken together, (1.53336, 4.38834) is a 90     % two-sided confidence

interval for the BMD

Multistage Cancer Slope Factor =     0.0652163
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 ==================================================================== 

   
  Gamma Model. (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Mar 28 14:17:38 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response]= background+(1-background)*CumGamma[slope*dose,power],

   where CumGamma(.) is the cummulative Gamma distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >=1

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =    0.0992394

                          Power =          1.3

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -Power   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             Background        Slope

Background            1        -0.59

     Slope        -0.59            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.232705          0.04756            0.139489            0.325921

          Slope        0.0453158        0.0135461            0.018766           0.0718656

          Power                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.072         2      0.570179      2          0.7519

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.144

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2327        11.635    11.000          50       -0.213

    1.4900     0.2828        14.140    14.000          50       -0.044

    5.3000     0.3965        19.826    22.000          50        0.628

   12.5500     0.5655        28.276    27.000          50       -0.364

 Chi^2 = 0.57      d.f. = 2        P-value = 0.7503

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.32503

            BMDL =       1.53336
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 ==================================================================== 

   
  Weibull Model using Weibull Model (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Mar 28 14:17:39 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(-slope*dose^power)]

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >= 1.000000

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =    0.0407032

                          Power =            1

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -Power   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             Background        Slope

Background            1        -0.59

     Slope        -0.59            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.232705        0.0475602            0.139489            0.325921

          Slope        0.0453158        0.0135462           0.0187657           0.0718659

          Power                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.072         2      0.570179      2          0.7519

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.144

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2327        11.635    11.000          50       -0.213

    1.4900     0.2828        14.140    14.000          50       -0.044

    5.3000     0.3965        19.826    22.000          50        0.628

   12.5500     0.5655        28.276    27.000          50       -0.364

 Chi^2 = 0.57      d.f. = 2        P-value = 0.7503

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.32503

            BMDL =       1.53336
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 ==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Mar 28 14:17:39 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = Background

               + (1-Background) * CumNorm(Intercept+Slope*Log(Dose)),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial (and Specified) Parameter Values  

                     background =         0.22

                      intercept =     -2.40602

                          slope =            1

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             background    intercept

background            1        -0.58

 intercept        -0.58            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background         0.259416        0.0455952            0.170051            0.348781

      intercept         -2.68882          0.25625            -3.19106            -2.18658

          slope                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.671         2       1.76854      2           0.413

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.342

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2594        12.971    11.000          50       -0.636

    1.4900     0.2676        13.378    14.000          50        0.199

    5.3000     0.3732        18.659    22.000          50        0.977

   12.5500     0.5829        29.145    27.000          50       -0.615

 Chi^2 = 1.78      d.f. = 2        P-value = 0.4113

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        4.08476

            BMDL =        2.80979
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 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  2  4  6  8  10  12

Fraction Affected

dose

Probit Model with 0.95 Confidence Level

13:17 03/28 2012

BMDLBMD

   

Probit


==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Mar 28 14:17:39 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = CumNorm(Intercept+Slope*Dose),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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 (and Specified) Parameter Values  

                     background =            0   Specified

                      intercept =    -0.673448

                          slope =    0.0671883

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

              intercept        slope

 intercept            1        -0.72

     slope        -0.72            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept        -0.669575         0.133788           -0.931794           -0.407355

          slope        0.0667446        0.0188548             0.02979            0.103699

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.425         2       1.27638      2          0.5282

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:          254.85

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2516        12.578    11.000          50       -0.514

    1.4900     0.2843        14.215    14.000          50       -0.067

    5.3000     0.3761        18.803    22.000          50        0.933

   12.5500     0.5667        28.337    27.000          50       -0.382

 Chi^2 = 1.29      d.f. = 2        P-value = 0.5258

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.29197

            BMDL =        2.48135

[image: image8.emf] 0.1
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==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Mar 28 14:17:39 2012

 ==================================================================== 

BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = 1/[1+EXP(-intercept-slope*dose)]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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  

                     background =            0   Specified

                      intercept =     -1.07983

                          slope =     0.107704

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

              intercept        slope

 intercept            1        -0.73

     slope        -0.73            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept         -1.08102         0.222404            -1.51693            -0.64512

          slope         0.107582        0.0307323            0.047348            0.167816

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.456         2       1.33854      2          0.5121

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.912

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2533        12.666    11.000          50       -0.542

    1.4900     0.2848        14.240    14.000          50       -0.075

    5.3000     0.3750        18.750    22.000          50        0.949

   12.5500     0.5669        28.344    27.000          50       -0.384

 Chi^2 = 1.35      d.f. = 2        P-value = 0.5098

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.38061

            BMDL =        2.55041
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 ==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Mar 28 14:17:40 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background+(1-background)/[1+EXP(-intercept-slope*Log(dose))]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial Parameter Values  

                     background =         0.22

                      intercept =      -2.8123

                          slope =      1.01274

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             background    intercept

background            1        -0.63

 intercept        -0.63            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background         0.222306            *                *                  *

      intercept         -2.80001            *                *                  *

          slope                1            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.911         2      0.248142      2          0.8833

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.822

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2223        11.115    11.000          50       -0.039

    1.4900     0.2869        14.346    14.000          50       -0.108

    5.3000     0.4119        20.593    22.000          50        0.404

   12.5500     0.5589        27.946    27.000          50       -0.269

 Chi^2 = 0.25      d.f. = 2        P-value = 0.8828

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.82721

            BMDL =         1.0745

BMD Output 2.  Total Oxidative Metabolism (mg-kg0.75/day) JISA Male Rat MCL (USEPA 2012)
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 ==================================================================== 

   
  Dichotomous Hill Model. (Version: 1.2; Date: 08/05/2011) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Setting.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Setting.plt

 






Fri Mar 30 16:21:46 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = v*g +(v-v*g)/[1+EXP(-intercept-slope*Log(dose))]

        where: 0 <= g < 1, 0 < v <= 1

               v is the maximum probability of response predicted by the model,

               and v*g is the background estimate of that probability.

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is set to 1

   Total number of observations = 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  

                              v =            1

                              g =         0.22

                      intercept =     -2.82181

                          slope =            1   Specified

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

                      v            g    intercept

         v            1        -0.89        -0.96

         g        -0.89            1         0.79

 intercept        -0.96         0.79            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

              v         0.802158          0.44779          -0.0754946             1.67981

              g         0.266481          0.14253          -0.0128731            0.545835

      intercept          -2.1989          1.53338            -5.20426            0.806469

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.858         3      0.143426      1          0.7049

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.717

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2138        10.688    11.000          50        0.108

    1.4900     0.2972        14.861    14.000          50       -0.266

    5.0000     0.4237        21.184    22.000          50        0.234

   11.6400     0.5453        27.267    27.000          50       -0.076

 Chi^2 = 0.14      d.f. = 1        P-value = 0.7055

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.39042

            BMDL =      0.376998
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==================================================================== 

   
  Multistage Cancer Model. (Version: 1.9;  Date: 05/26/2010) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.plt

 






Fri Mar 30 16:21:47 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(

                 -beta1*dose^1)]

   The parameter betas are restricted to be positive

   Dependent variable = Observed

   Independent variable = Dose

 Total number of observations = 4

 Total number of records with missing values = 0

 Total number of parameters in model = 2

 Total number of specified parameters = 0

 Degree of polynomial = 1

 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 =      0.24201

                        Beta(1) =    0.0455032

           Asymptotic Correlation Matrix of Parameter Estimates

             Background      Beta(1)

Background            1        -0.67

   Beta(1)        -0.67            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.230676            *                *                  *

        Beta(1)        0.0489166            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.053         2      0.532635      2          0.7662

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.106

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2307        11.534    11.000          50       -0.179

    1.4900     0.2848        14.238    14.000          50       -0.074

    5.0000     0.3976        19.880    22.000          50        0.613

   11.6400     0.5647        28.233    27.000          50       -0.352

 Chi^2 = 0.54      d.f. = 2        P-value = 0.7646

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.15388

            BMDL =        1.42361

            BMDU =        4.05392

Taken together, (1.42361, 4.05392) is a 90     % two-sided confidence

interval for the BMD

Multistage Cancer Slope Factor =     0.0702439
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==================================================================== 

   
  Gamma Model. (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Fri Mar 30 16:21:47 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response]= background+(1-background)*CumGamma[slope*dose,power],

   where CumGamma(.) is the cummulative Gamma distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >=1

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =     0.104291

                          Power =          1.3

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -Power   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             Background        Slope

Background            1         -0.6

     Slope         -0.6            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.230676         0.047846              0.1369            0.324452

          Slope        0.0489166        0.0145524           0.0203944           0.0774388

          Power                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.053         2      0.532635      2          0.7662

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.106

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2307        11.534    11.000          50       -0.179

    1.4900     0.2848        14.238    14.000          50       -0.074

    5.0000     0.3976        19.880    22.000          50        0.613

   11.6400     0.5647        28.233    27.000          50       -0.352

 Chi^2 = 0.54      d.f. = 2        P-value = 0.7646

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.15388

            BMDL =       1.42361
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==================================================================== 

   
  Weibull Model using Weibull Model (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Fri Mar 30 16:21:47 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(-slope*dose^power)]

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >= 1.000000

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =    0.0438854

                          Power =            1

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -Power   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             Background        Slope

Background            1         -0.6

     Slope         -0.6            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.230676         0.047846              0.1369            0.324453

          Slope        0.0489166        0.0145522           0.0203947           0.0774385

          Power                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.053         2      0.532635      2          0.7662

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.106

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2307        11.534    11.000          50       -0.179

    1.4900     0.2848        14.238    14.000          50       -0.074

    5.0000     0.3976        19.880    22.000          50        0.613

   11.6400     0.5647        28.233    27.000          50       -0.352

 Chi^2 = 0.54      d.f. = 2        P-value = 0.7646

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.15388

            BMDL =       1.42361
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==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Fri Mar 30 16:21:47 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = Background

               + (1-Background) * CumNorm(Intercept+Slope*Log(Dose)),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial (and Specified) Parameter Values  

                     background =         0.22

                      intercept =     -2.34261

                          slope =            1

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             background    intercept

background            1        -0.58

 intercept        -0.58            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background          0.25763        0.0459297            0.167609            0.347651

      intercept          -2.6111         0.255135            -3.11116            -2.11105

          slope                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table
       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.623         2       1.67251      2          0.4333

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.246

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2576        12.882    11.000          50       -0.608

    1.4900     0.2676        13.382    14.000          50        0.198

    5.0000     0.3751        18.756    22.000          50        0.948

   11.6400     0.5826        29.130    27.000          50       -0.611

 Chi^2 = 1.68      d.f. = 2        P-value = 0.4316

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.77934

            BMDL =         2.6034
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==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Fri Mar 30 16:21:48 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = CumNorm(Intercept+Slope*Dose),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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 (and Specified) Parameter Values  

                     background =            0   Specified

                      intercept =    -0.678877

                          slope =    0.0728702

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             intercept        slope

 intercept            1        -0.73

     slope        -0.73            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept        -0.675237         0.134836           -0.939511           -0.410963

          slope        0.0724174        0.0204157           0.0324033            0.112431

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.397         2       1.22013      2          0.5433

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.794

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2498        12.488    11.000          50       -0.486

    1.4900     0.2852        14.262    14.000          50       -0.082

    5.0000     0.3771        18.854    22.000          50        0.918

   11.6400     0.5666        28.330    27.000          50       -0.379

 Chi^2 = 1.23      d.f. = 2        P-value = 0.5407

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.05011

            BMDL =        2.30452
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==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Fri Mar 30 16:21:48 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = 1/[1+EXP(-intercept-slope*dose)]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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  

                     background =            0   Specified

                      intercept =     -1.08858

                          slope =     0.116822

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

              intercept        slope

 intercept            1        -0.74

     slope        -0.74            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept         -1.09037         0.224243            -1.52988            -0.65086

          slope         0.116755        0.0332911            0.051506            0.182005

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.428         2       1.28186      2          0.5268

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.855

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2515        12.577    11.000          50       -0.514

    1.4900     0.2857        14.285    14.000          50       -0.089

    5.0000     0.3760        18.800    22.000          50        0.934

   11.6400     0.5668        28.338    27.000          50       -0.382

 Chi^2 = 1.29      d.f. = 2        P-value = 0.5243

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.13329

            BMDL =        2.36971
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==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_2012 Total Oxidative Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Fri Mar 30 16:21:48 2012

 ==================================================================== 

BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background+(1-background)/[1+EXP(-intercept-slope*Log(dose))]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial Parameter Values  

                     background =         0.22

                      intercept =     -2.82181

                          slope =      1.04944

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             background    intercept

background            1        -0.64

 intercept        -0.64            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background         0.220465            *                *                  *

      intercept         -2.72743            *                *                  *

          slope                1            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.906         2      0.238616      2          0.8875

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.812

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2205        11.023    11.000          50       -0.008

    1.4900     0.2897        14.483    14.000          50       -0.151

    5.0000     0.4125        20.626    22.000          50        0.395

   11.6400     0.5574        27.868    27.000          50       -0.247

 Chi^2 = 0.24      d.f. = 2        P-value = 0.8871

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.69929

            BMDL =        1.00353

BMD Output 3.  Total Metabolism (mg/kg0.75/day) JISA Male Rat (USEPA 2008)
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==================================================================== 

   
  Dichotomous Hill Model. (Version: 1.2; Date: 08/05/2011) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Setting.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Setting.plt

 






Wed Apr 25 12:08:59 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = v*g +(v-v*g)/[1+EXP(-intercept-slope*Log(dose))]

        where: 0 <= g < 1, 0 < v <= 1

               v is the maximum probability of response predicted by the model,

               and v*g is the background estimate of that probability.

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is set to 1

   Total number of observations = 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  

                              v =            1

                              g =         0.22

                      intercept =     -2.64562

                          slope =            1   Specified

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -v    -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

                      g    intercept

         g            1        -0.65

 intercept        -0.65            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

              v                1               NA

              g         0.206298        0.0509989            0.106342            0.306254

      intercept         -1.99747         0.339413            -2.66271            -1.33223

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.969         2      0.364284      2          0.8335

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.938

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2063        10.315    11.000          50        0.239

    1.1500     0.3134        15.671    14.000          50       -0.509

    2.9500     0.4332        21.659    22.000          50        0.097

    5.0000     0.5271        26.355    27.000          50        0.183

 Chi^2 = 0.36      d.f. = 2        P-value = 0.8354

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =       0.818932

            BMDL =      0.297733
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==================================================================== 

   
  Multistage Cancer Model. (Version: 1.9;  Date: 05/26/2010) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.plt

 






Wed Apr 25 12:09:00 2012

 ==================================================================== 

BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(

                 -beta1*dose^1)]

   The parameter betas are restricted to be positive

   Dependent variable = Observed

   Independent variable = Dose

 Total number of observations = 4

 Total number of records with missing values = 0

 Total number of parameters in model = 2

 Total number of specified parameters = 0

 Degree of polynomial = 1

 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 =      0.20827

                        Beta(1) =     0.109799

           Asymptotic Correlation Matrix of Parameter Estimates

             Background      Beta(1)

Background            1        -0.72

   Beta(1)        -0.72            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.210459            *                *                  *

        Beta(1)          0.10835            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.882         2      0.191192      2          0.9088

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.765

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2105        10.523    11.000          50        0.165

    1.1500     0.3030        15.148    14.000          50       -0.353

    2.9500     0.4265        21.323    22.000          50        0.194

    5.0000     0.5407        27.035    27.000          50       -0.010

 Chi^2 = 0.19      d.f. = 2        P-value = 0.9095

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =       0.972408

            BMDL =       0.661358

            BMDU =        1.76163

Taken together, (0.661358, 1.76163) is a 90     % two-sided confidence

interval for the BMD

Multistage Cancer Slope Factor =      0.151204

[image: image20.emf] 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  1  2  3  4  5

Fraction Affected

dose

Gamma Multi-Hit Model with 0.95 Confidence Level

12:09 04/25 2012

BMDL BMD

   

Gamma Multi-Hit


 ==================================================================== 

   
  Gamma Model. (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Apr 25 12:09:00 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response]= background+(1-background)*CumGamma[slope*dose,power],

   where CumGamma(.) is the cummulative Gamma distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >=1

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =     0.113768

                          Power =      1.07053

           Asymptotic Correlation Matrix of Parameter Estimates

             Background        Slope        Power

Background            1         0.36         0.49

     Slope         0.36            1         0.98

     Power         0.49         0.98            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background           0.2168        0.0562874            0.106479            0.327121

          Slope         0.145396         0.167866           -0.183616            0.474408

          Power          1.20192         0.888184           -0.538888             2.94273

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.851         3      0.127832      1          0.7207

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.701

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2168        10.840    11.000          50        0.055

    1.1500     0.2924        14.620    14.000          50       -0.193

    2.9500     0.4214        21.070    22.000          50        0.266

    5.0000     0.5491        27.453    27.000          50       -0.129

 Chi^2 = 0.13      d.f. = 1        P-value = 0.7207

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.18708

            BMDL =       0.66394
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 ==================================================================== 

   
  Weibull Model using Weibull Model (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Apr 25 12:09:00 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(-slope*dose^power)]

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >= 1.000000

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =    0.0297054

                          Power =      1.01343

           Asymptotic Correlation Matrix of Parameter Estimates

             Background        Slope        Power

Background            1        -0.57         0.49

     Slope        -0.57            1        -0.98

     Power         0.49        -0.98            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.216732        0.0560004            0.106973             0.32649

          Slope        0.0270962        0.0441715          -0.0594783            0.113671

          Power          1.07148         0.594746          -0.0942016             2.23716

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.833         3     0.0916364      1          0.7621

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.665

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2167        10.837    11.000          50        0.056

    3.3700     0.2910        14.549    14.000          50       -0.171

    9.6800     0.4247        21.233    22.000          50        0.220

   16.5600     0.5474        27.369    27.000          50       -0.105

 Chi^2 = 0.09      d.f. = 1        P-value = 0.7622

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.55161

            BMDL =       2.17829
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==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Apr 25 12:09:01 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = Background

               + (1-Background) * CumNorm(Intercept+Slope*Log(Dose)),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial (and Specified) Parameter Values  

                     background =         0.22

                      intercept =     -1.68215

                          slope =            1

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

             background    intercept

background            1        -0.63

 intercept        -0.63            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background          0.23223        0.0489466            0.136296            0.328163

      intercept         -1.78748         0.230076            -2.23842            -1.33654

          slope                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.924         2      0.274166      2          0.8719

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.848

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2322        11.611    11.000          50       -0.205

    1.1500     0.2704        13.520    14.000          50        0.153

    2.9500     0.4166        20.832    22.000          50        0.335

    5.0000     0.5619        28.093    27.000          50       -0.312

 Chi^2 = 0.27      d.f. = 2        P-value = 0.8717

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.65852

            BMDL =        1.18488
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 ==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Apr 25 12:09:01 2012

 ==================================================================== 

BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = CumNorm(Intercept+Slope*Dose),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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 (and Specified) Parameter Values  

                     background =            0   Specified

                      intercept =    -0.755758

                          slope =     0.178973

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

              intercept        slope

 intercept            1        -0.79

     slope        -0.79            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept        -0.758964         0.150504            -1.05395           -0.463983

          slope         0.179742        0.0490525           0.0836004            0.275883

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.922         2      0.270322      2          0.8736

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.844

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2239        11.197    11.000          50       -0.067

    1.1500     0.2904        14.519    14.000          50       -0.162

    2.9500     0.4095        20.477    22.000          50        0.438

    5.0000     0.5556        27.778    27.000          50       -0.222

 Chi^2 = 0.27      d.f. = 2        P-value = 0.8730

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.32967

            BMDL =        1.03888

[image: image24.emf] 0.1
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==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Apr 25 12:09:01 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = 1/[1+EXP(-intercept-slope*dose)]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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  

                     background =            0   Specified

                      intercept =     -1.21264

                          slope =      0.28728

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

              intercept        slope

 intercept            1         -0.8

     slope         -0.8            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept         -1.23311         0.253598            -1.73015           -0.736067

          slope         0.292066        0.0808682            0.133568            0.450565

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.934         2      0.295337      2          0.8627

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.869

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2256        11.282    11.000          50       -0.095

    1.1500     0.2896        14.481    14.000          50       -0.150

    2.9500     0.4082        20.409    22.000          50        0.458

    5.0000     0.5566        27.828    27.000          50       -0.236

 Chi^2 = 0.30      d.f. = 2        P-value = 0.8621

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.37095

            BMDL =         1.0751
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==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_2008 Total Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt

 






Wed Apr 25 12:09:01 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background+(1-background)/[1+EXP(-intercept-slope*Log(dose))]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial Parameter Values  

                     background =         0.22

                      intercept =     -2.64562

                          slope =      1.46758

           Asymptotic Correlation Matrix of Parameter Estimates

             background    intercept        slope

background            1        -0.61         0.45

 intercept        -0.61            1        -0.94

     slope         0.45        -0.94            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background         0.216817            *                *                  *

      intercept         -2.45394            *                *                  *

          slope          1.33047            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.829         3      0.085432      1          0.7701

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.659

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2168        10.841    11.000          50        0.055

    1.1500     0.2903        14.514    14.000          50       -0.160

    2.9500     0.4252        21.260    22.000          50        0.212

    5.0000     0.5477        27.385    27.000          50       -0.109

 Chi^2 = 0.09      d.f. = 1        P-value = 0.7701

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        1.21282

            BMDL =       0.515888

BMD Output 4.  Total Metabolized Dose (mg/kg0.75-day) JISA Male Rats MCL (MassDEP 2008)
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 ==================================================================== 

   
  Dichotomous Hill Model. (Version: 1.2; Date: 08/05/2011) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Setting.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\dhl_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Setting.plt

 






Wed Apr 04 14:03:48 2012

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = v*g +(v-v*g)/[1+EXP(-intercept-slope*Log(dose))]

        where: 0 <= g < 1, 0 < v <= 1

               v is the maximum probability of response predicted by the model,

               and v*g is the background estimate of that probability.

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is set to 1

   Total number of observations = 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  

                              v =            1

                              g =         0.22

                      intercept =     -4.09595

                          slope =            1   Specified

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -v    -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

                      g    intercept

         g            1        -0.64

 intercept        -0.64            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

              v                1               NA

              g         0.208498        0.0506888             0.10915            0.307847

      intercept         -3.18281          0.34225            -3.85361            -2.51202

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.896         2      0.217759      2          0.8968

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.791

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2085        10.425    11.000          50        0.200

    3.3700     0.3055        15.277    14.000          50       -0.392

    9.6800     0.4352        21.761    22.000          50        0.068

   16.5600     0.5307        26.537    27.000          50        0.131

 Chi^2 = 0.22      d.f. = 2        P-value = 0.8977

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.67939

            BMDL =      0.896717
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 ==================================================================== 

   
  Multistage Cancer Model. (Version: 1.9;  Date: 05/26/2010) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(

                 -beta1*dose^1)]

   The parameter betas are restricted to be positive

   Dependent variable = Observed

   Independent variable = Dose

 Total number of observations = 4

 Total number of records with missing values = 0

 Total number of parameters in model = 2

 Total number of specified parameters = 0

 Degree of polynomial = 1

 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 =     0.213196

                        Beta(1) =    0.0329014

           Asymptotic Correlation Matrix of Parameter Estimates

             Background      Beta(1)

Background            1        -0.71

   Beta(1)        -0.71            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.213471            *                *                  *

        Beta(1)        0.0328266            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model         -124.84         2      0.107099      2          0.9479

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.681

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2135        10.674    11.000          50        0.113

    3.3700     0.2958        14.792    14.000          50       -0.245

    9.6800     0.4276        21.379    22.000          50        0.177

   16.5600     0.5433        27.165    27.000          50       -0.047

 Chi^2 = 0.11      d.f. = 2        P-value = 0.9481

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.20961

            BMDL =        2.17622

            BMDU =        5.82346

Taken together, (2.17622, 5.82346) is a 90     % two-sided confidence

interval for the BMD

Multistage Cancer Slope Factor =     0.0459513
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 ==================================================================== 

   
  Gamma Model. (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\gam_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response]= background+(1-background)*CumGamma[slope*dose,power],

   where CumGamma(.) is the cummulative Gamma distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >=1

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =    0.0317404

                          Power =      1.01808

           Asymptotic Correlation Matrix of Parameter Estimates

             Background        Slope        Power

Background            1         0.37          0.5

     Slope         0.37            1         0.98

     Power          0.5         0.98            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.217253        0.0564233            0.106665            0.327841

          Slope         0.038793         0.046471          -0.0522884            0.129874

          Power          1.10931         0.827365           -0.512299             2.73091

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model         -124.83         3     0.0873812      1          0.7675

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.661

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2173        10.863    11.000          50        0.047

    3.3700     0.2901        14.503    14.000          50       -0.157

    9.6800     0.4246        21.231    22.000          50        0.220

   16.5600     0.5478        27.389    27.000          50       -0.110

 Chi^2 = 0.09      d.f. = 1        P-value = 0.7675

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.61327

            BMDL =       2.17887
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 ==================================================================== 

   
  Weibull Model using Weibull Model (Version: 2.15;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\wei_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(-slope*dose^power)]

   Dependent variable = Observed

   Independent variable = Dose

   Power parameter is restricted as power >= 1.000000

   Total number of observations = 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 (and Specified) Parameter Values  

                     Background =     0.230769

                          Slope =    0.0297054

                          Power =      1.01343

           Asymptotic Correlation Matrix of Parameter Estimates

             Background        Slope        Power

Background            1        -0.57         0.49

     Slope        -0.57            1        -0.98

     Power         0.49        -0.98            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.216732        0.0560004            0.106973             0.32649

          Slope        0.0270962        0.0441715          -0.0594783            0.113671

          Power          1.07148         0.594746          -0.0942016             2.23716

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.833         3     0.0916364      1          0.7621

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.665

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2167        10.837    11.000          50        0.056

    3.3700     0.2910        14.549    14.000          50       -0.171

    9.6800     0.4247        21.233    22.000          50        0.220

   16.5600     0.5474        27.369    27.000          50       -0.105

 Chi^2 = 0.09      d.f. = 1        P-value = 0.7622

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.55161

            BMDL =       2.17829
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 ==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnp_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = Background

               + (1-Background) * CumNorm(Intercept+Slope*Log(Dose)),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial (and Specified) Parameter Values  

                     background =         0.22

                      intercept =     -2.84452

                          slope =            1

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                and do not appear in the correlation matrix )

             background    intercept

background            1        -0.61

 intercept        -0.61            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background         0.236746        0.0479195            0.142826            0.330667

      intercept         -2.99134         0.231189            -3.44446            -2.53822

          slope                1               NA

NA - Indicates that this parameter has hit a bound

     implied by some inequality constraint and thus

     has no standard error.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.961         2      0.348427      2          0.8401

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.922

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2367        11.837    11.000          50       -0.279

    3.3700     0.2656        13.281    14.000          50        0.230

    9.6800     0.4164        20.820    22.000          50        0.339

   16.5600     0.5626        28.128    27.000          50       -0.322

 Chi^2 = 0.35      d.f. = 2        P-value = 0.8400

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =         5.5278

            BMDL =        3.93633
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 ==================================================================== 

   
  Probit Model. (Version: 3.2;  Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\pro_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = CumNorm(Intercept+Slope*Dose),

   where CumNorm(.) is the cumulative normal distribution function

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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 (and Specified) Parameter Values  

                     background =            0   Specified

                      intercept =    -0.744949

                          slope =    0.0535435

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

              intercept        slope

 intercept            1        -0.78

     slope        -0.78            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept        -0.747459         0.147928            -1.03739           -0.457525

          slope        0.0537082        0.0146462           0.0250021           0.0824143

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.918         2      0.262713      2          0.8769

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.836

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2274        11.370    11.000          50       -0.125

    3.3700     0.2855        14.277    14.000          50       -0.087

    9.6800     0.4100        20.500    22.000          50        0.431

   16.5600     0.5564        27.822    27.000          50       -0.234

 Chi^2 = 0.26      d.f. = 2        P-value = 0.8764

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        4.40151

            BMDL =        3.42626
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 ==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\log_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = 1/[1+EXP(-intercept-slope*dose)]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is not restricted

   Total number of observations = 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  

                     background =            0   Specified

                      intercept =     -1.19519

                          slope =    0.0859315

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -background   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

              intercept        slope

 intercept            1        -0.79

     slope        -0.79            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

      intercept         -1.21368         0.248965            -1.70164           -0.725715

          slope        0.0871957        0.0241124           0.0399362            0.134455

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.933         2      0.292314      2           0.864

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         253.866

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2291        11.453    11.000          50       -0.152

    3.3700     0.2850        14.250    14.000          50       -0.078

    9.6800     0.4086        20.432    22.000          50        0.451

   16.5600     0.5573        27.866    27.000          50       -0.247

 Chi^2 = 0.29      d.f. = 2        P-value = 0.8634

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        4.53552

            BMDL =        3.54306
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 ==================================================================== 

   
  Logistic Model. (Version: 2.13; Date: 10/28/2009) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\lnl_MassDEP 2008 Total Human Metab mg-kg0.75-day JISA Male Rat MCL_Default option file.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background+(1-background)/[1+EXP(-intercept-slope*Log(dose))]

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is restricted as slope >= 1

   Total number of observations = 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

   User has chosen the log transformed model

                  Default Initial Parameter Values  

                     background =         0.22

                      intercept =     -4.09595

                          slope =      1.35184

           Asymptotic Correlation Matrix of Parameter Estimates

             background    intercept        slope

background            1        -0.56         0.47

 intercept        -0.56            1        -0.98

     slope         0.47        -0.98            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     background         0.217477            *                *                  *

      intercept         -3.83842            *                *                  *

          slope          1.25248            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.812         3     0.0502036      1          0.8227

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.624

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2175        10.874    11.000          50        0.043

    3.3700     0.2877        14.385    14.000          50       -0.120

    9.6800     0.4287        21.433    22.000          50        0.162

   16.5600     0.5461        27.307    27.000          50       -0.087

 Chi^2 = 0.05      d.f. = 1        P-value = 0.8227

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.70749

            BMDL =        1.66325
Appendix F

Appendix F

Benchmark Dose Model Outputs for Rat MCL (JISA 1993) for the Total Metabolism and PCE AUC Dose Metrics Derived by Chiu and Ginsberg (2011)
BMD Output 1.  Total Metabolism (mg/kg0.75/day) Multistage Model

a. Male 
F-2
b. Female 
F-4
c. Male and female combined 
F-6
BMD Output 2.  PCE AUC (mg-hour/L/day) Hill Model

a. Male 
F-8
b. Female 
F-10
c. Male and female combined 
F-12
BMD Output 1a.  Male Total Metabolism (mg/kg0.75/day)
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==================================================================== 

   
  Multistage Cancer Model. (Version: 1.9;  Date: 05/26/2010) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\BMDL Runs\msc_2012 Total Metab mg-kg0.75-day JISA Male Rat MCL_MCL multistage polynomial 1.plt
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 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(

                 -beta1*dose^1)]

   The parameter betas are restricted to be positive

   Dependent variable = Observed

   Independent variable = Dose

 Total number of observations = 4

 Total number of records with missing values = 0

 Total number of parameters in model = 2

 Total number of specified parameters = 0

 Degree of polynomial = 1

 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 =     0.244426

                        Beta(1) =     0.041996

           Asymptotic Correlation Matrix of Parameter Estimates

             Background      Beta(1)

Background            1        -0.67

   Beta(1)        -0.67            1

                                 Parameter Estimates

                                        95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.232705            *                *                  *

        Beta(1)        0.0453158            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -125.072         2      0.570179      2          0.7519

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         254.144

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2327        11.635    11.000          50       -0.213

    1.4900     0.2828        14.140    14.000          50       -0.044

    5.3000     0.3965        19.826    22.000          50        0.628

   12.5500     0.5655        28.276    27.000          50       -0.364

 Chi^2 = 0.57      d.f. = 2        P-value = 0.7503

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        2.32503

            BMDL =        1.53336

            BMDU =        4.38834

Taken together, (1.53336, 4.38834) is a 90     % two-sided confidence

interval for the BMD

Multistage Cancer Slope Factor =     0.0652163

BMD Output 1b.  Female Total Metabolism (mg/kg0.75/day)
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 ==================================================================== 

   
  Multistage Cancer Model. (Version: 1.9;  Date: 05/26/2010) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\T\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\Dose Metric Evaluations\BMDL Runs\msc_2012 Total Metab mg-kg0.75-day JISA FEMALE Rat MCL_Opt.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\T\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\Dose Metric Evaluations\BMDL Runs\msc_2012 Total Metab mg-kg0.75-day JISA FEMALE Rat MCL_Opt.plt

 






Mon Mar 18 18:23:12 2013

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

   The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(

                 -beta1*dose^1)]

   The parameter betas are restricted to be positive

   Dependent variable = Observed

   Independent variable = Dose

 Total number of observations = 4

 Total number of records with missing values = 0

 Total number of parameters in model = 2

 Total number of specified parameters = 0

 Degree of polynomial = 1

 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 =     0.262098

                        Beta(1) =    0.0158947

           Asymptotic Correlation Matrix of Parameter Estimates

             Background      Beta(1)

Background            1         -0.7

   Beta(1)         -0.7            1

                                 Parameter Estimates

                                      95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.256005            *                *                  *

        Beta(1)        0.0173565            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -121.619         4

   Fitted model        -122.599         2       1.96134      2          0.3751

  Reduced model         -123.82         1       4.40312      3          0.2211

           AIC:         249.198

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2560        12.800    10.000          50       -0.907

    1.3900     0.2737        13.687    17.000          50        1.051

    4.9300     0.3170        15.851    16.000          50        0.045

   11.7100     0.3928        19.642    19.000          50       -0.186

 Chi^2 = 1.96      d.f. = 2        P-value = 0.3745

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        6.07036

            BMDL =        2.80307

BMDU did not converge for BMR = 0.100000

BMDU calculation failed

            BMDU = Inf

BMD Output 1c.  Male and Female combined (7 dose groups) Total Metabolism (mg/kg0.75/day)
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 ==================================================================== 

   
  Multistage Cancer Model. (Version: 1.9;  Date: 05/26/2010) 

  
  Input Data File: C:/extract/BMDS/BMDS220/Data/msc_Total Metabolism MALE and FEMALE 8 dose groups MCL JISA_Opt.(d)  

  
  Gnuplot Plotting File:  C:/extract/BMDS/BMDS220/Data/msc_Total Metabolism MALE and FEMALE 8 dose groups MCL JISA_Opt.plt

 






Wed Mar 06 16:09:37 2013

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

    The form of the probability function is: 

   P[response] = background + (1-background)*[1-EXP(

                 -beta1*dose^1)]

   The parameter betas are restricted to be positive

   Dependent variable = Effect

   Independent variable = Dose

 Total number of observations = 7

 Total number of records with missing values = 0

 Total number of parameters in model = 2

 Total number of specified parameters = 0

 Degree of polynomial = 1

 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 =     0.263376

                        Beta(1) =    0.0283662

           Asymptotic Correlation Matrix of Parameter Estimates

             Background      Beta(1)

Background            1        -0.68

   Beta(1)        -0.68            1

                                 Parameter Estimates

                           95.0% Wald Confidence Interval

  Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

     Background         0.243431            *                *                  *

        Beta(1)        0.0313876            *                *                  *

* - Indicates that this value is not calculated.

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -246.435         7

   Fitted model        -249.235         2       5.59978      5          0.3471

  Reduced model        -256.414         1       19.9575      6        0.002818

           AIC:         502.471

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2434        24.343    21.000         100       -0.779

    1.3900     0.2757        13.786    17.000          50        1.017

    1.4900     0.2780        13.900    14.000          50        0.032

    4.9300     0.3519        17.595    16.000          50       -0.472

    5.3000     0.3594        17.969    22.000          50        1.188

   11.7100     0.4761        23.806    19.000          50       -1.361

   12.5500     0.4898        24.488    27.000          50        0.711

 Chi^2 = 5.63      d.f. = 5        P-value = 0.3435

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.35676

            BMDL =        2.26131

            BMDU =        6.12049

Taken together, (2.26131, 6.12049) is a 90     % two-sided confidence interval for the BMD

Multistage Cancer Slope Factor =     0.0442222

BMD Output 2a.  Male PCE AUC (mg-hour/L/day) Hill Model
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 ==================================================================== 

   
  Dichotomous Hill Model. (Version: 1.2; Date: 08/05/2011) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\T\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\Dose Metric Evaluations\BMDL Runs\dhl_Perc AUC JISA Male Rat MCL_Opt.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\T\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\Dose Metric Evaluations\BMDL Runs\dhl_Perc AUC JISA Male Rat MCL_Opt.plt

 






Fri Mar 08 12:54:01 2013

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

    The form of the probability function is: 

   P[response] = v*g +(v-v*g)/[1+EXP(-intercept-slope*Log(dose))]

        where: 0 <= g < 1, 0 < v <= 1

               v is the maximum probability of response predicted by the model,

               and v*g is the background estimate of that probability.

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is set to 1

   Total number of observations = 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  

                              v =            1

                              g =         0.22

                      intercept =     -5.63784

                          slope =            1   Specified

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user, and do not appear in the correlation matrix )

                      v            g    intercept

         v            1         -0.7         -0.9

         g         -0.7            1         0.47

 intercept         -0.9         0.47            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

              v         0.668362         0.205069            0.266435             1.07029

              g         0.320711         0.110276            0.104574            0.536848

      intercept            -4.53          1.21645             -6.9142             -2.1458

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -124.787         4

   Fitted model        -124.841         3      0.107785      1          0.7427

  Reduced model        -131.791         1       14.0088      3        0.002893

           AIC:         255.681

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2144        10.718    11.000          50        0.097

   20.0000     0.2949        14.744    14.000          50       -0.231

   81.0000     0.4260        21.300    22.000          50        0.200

  248.0000     0.5448        27.239    27.000          50       -0.068

 Chi^2 = 0.11      d.f. = 1        P-value = 0.7431

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        19.4104

            BMDL =       4.94596

BMD Output 2b.  Female PCE AUC (mg-hour/L/day) Hill Model
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 ==================================================================== 

   
  Dichotomous Hill Model. (Version: 1.2; Date: 08/05/2011) 

  
  Input Data File: W:\BSPT\ORS\Chemicals\T\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\Dose Metric Evaluations\BMDL Runs\dhl_Perc AUC JISA FEMALE Rat MCL_Opt.(d)

  
  Gnuplot Plotting File: W:\BSPT\ORS\Chemicals\T\Tetrachloroethylene\MassDEP evaluation of EPA Final 2012 PCE document\Dose Metric Evaluations\BMDL Runs\dhl_Perc AUC JISA FEMALE Rat MCL_Opt.plt

 






Mon Mar 18 18:50:20 2013

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

    The form of the probability function is: 

   P[response] = v*g +(v-v*g)/[1+EXP(-intercept-slope*Log(dose))]

        where: 0 <= g < 1, 0 < v <= 1

               v is the maximum probability of response predicted by the model,

               and v*g is the background estimate of that probability.

   Dependent variable = Observed

   Independent variable = Dose

   Slope parameter is set to 1

   Total number of observations = 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  

                              v =            1

                              g =          0.2

                      intercept =     -6.26835

                          slope =            1   Specified

           Asymptotic Correlation Matrix of Parameter Estimates

         ( *** The model parameter(s)  -slope have been estimated at a boundary point, or have been specified by the user, and do not appear in the correlation matrix)

                      v            g    intercept

         v            1        -0.53        -0.76

         g        -0.53            1         0.32

 intercept        -0.76         0.32            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

              v          0.35827        0.0647553            0.231352            0.485188

              g         0.558491         0.186223            0.193502            0.923481

      intercept         -1.34051           4.7522            -10.6547             7.97363

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -121.619         4

   Fitted model        -121.795         3      0.353081      1          0.5524

  Reduced model         -123.82         1       4.40312      3          0.2211

           AIC:          249.59

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2001        10.005    10.000          50       -0.002

   20.0000     0.3329        16.645    17.000          50        0.107

   81.0000     0.3511        17.557    16.000          50       -0.461

  248.0000     0.3559        17.794    19.000          50        0.356

 Chi^2 = 0.35      d.f. = 1        P-value = 0.5534

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        3.90908

           Benchmark dose computation failed.  Lower limit includes zero.
BMD Output 2c.  Male and Female combined PCE AUC (mg-hour/L/day) Hill Model
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 ==================================================================== 

   
  Dichotomous Hill Model. (Version: 1.2; Date: 08/05/2011) 

  
  Input Data File: C:/extract/BMDS/BMDS220/Data/dhl_PCE AUC male and female combined JISA_Opt.(d)  

  
  Gnuplot Plotting File:  C:/extract/BMDS/BMDS220/Data/dhl_PCE AUC male and female combined JISA_Opt.plt

 






Wed Mar 06 15:55:22 2013

 ==================================================================== 

 BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

    The form of the probability function is: 

   P[response] = v*g +(v-v*g)/[1+EXP(-intercept-slope*Log(dose))]

        where: 0 <= g < 1, 0 < v <= 1

               v is the maximum probability of response predicted by the model,

               and v*g is the background estimate of that probability.

   Dependent variable = Effect

   Independent variable = Dose

   Slope parameter is set to 1

   Total number of observations = 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  

                              v =            1

                              g =         0.21

                      intercept =     -5.90963

                          slope =            1   Specified

           Asymptotic Correlation Matrix of Parameter Estimates

           ( *** The model parameter(s)  -slope   

                 have been estimated at a boundary point, or have been specified by the user,

                 and do not appear in the correlation matrix )

                      v            g    intercept

         v            1         -0.6        -0.86

         g         -0.6            1          0.3

 intercept        -0.86          0.3            1

                                 Parameter Estimates

                                                         95.0% Wald Confidence Interval

       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit

              v         0.496809         0.095265            0.310093            0.683525

              g         0.428221         0.101011            0.230243            0.626198

      intercept         -3.81457          1.19327            -6.15334             -1.4758

                        Analysis of Deviance Table

       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value

     Full model        -248.707         4

   Fitted model        -248.791         3      0.168882      1          0.6811

  Reduced model        -256.414         1       15.4153      3        0.001494

           AIC:         503.582

                                  Goodness  of  Fit 

                                                                 Scaled

     Dose     Est._Prob.    Expected    Observed     Size       Residual

  ------------------------------------------------------------------------

    0.0000     0.2127        21.274    21.000         100       -0.067

   20.0000     0.2997        29.967    31.000         100        0.225

   81.0000     0.3948        39.484    38.000         100       -0.304

  247.0000     0.4527        45.274    46.000         100        0.146

 Chi^2 = 0.17      d.f. = 1        P-value = 0.6812

   Benchmark Dose Computation

Specified effect =            0.1

Risk Type        =      Extra risk 

Confidence level =           0.95

             BMD =        17.3897

            BMDL =       3.04493
Figure � SEQ Figure \* ARABIC �1�.  Unit Risk Values Estimated for MCL Incidence Using Different Dose Metrics and Dose-Response Models and USEPA’s 2012 Hepatic Tumor-Based UR.


    = MassDEP (2008) recommended value


▲= EPA (2012a) MCL based value.
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