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Dear Sirs: 
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alliance, inc. 

On November 5, 2013, HSIA submitted a request for the correction of information 
("Request for Correction") under the Information Quality Act ("IQA"). 1 HSIA sought 
correction of the reference concentration ("RfC") of 0.0004 ppm (0.4 ppb or 2 µg/m3

) and 
reference dose ("RID") of 0.0005 mg/kg/day first disseminated in EPA's "Toxicological Review 
ofTrichloroethylene (CAS No. 79-01-6) in Support of Summary Information on the Integrated 
Risk Information System (IRIS)." 2 EPA's derivation of the RfC/RfD for trichloroethylene 
("TCE") was based, in part, on Johnson et al., Threshold of Trichloroethylene Contamination in 
Maternal Drinking Waters Affecting Fetal Heart Development in the Rat, Environ. Health 
Perspect. 111: 289-92 (March 2003). 

More recently, on July 3, 2014, HSIA supplemented its Request for Correction in light of 
an erratum published earlier in 2014 by Johnson et al. 3 Thereafter, on September 8, 2014, HSIA 

1 Section5l5(a) of the Treasury and General Govemment Appropriations Act for Fiscal Year 2001 , P.L. 
I 06-554; 44 U.S.C. § 3516 (notes). 

2 EPA/635/R-09/011F(September2011) ("TCE IRIS Assessment"). 

J Johnson et al., Environ Health Perspect 122: A94 (2014): erratum to Environ Health Perspect l 13:Al8 
(2005), which is an erratum for Johnson et al., Threshold ofTrichloroethylene Contamination in Maternal Drinking 
Waters Affecting Fetal Heart Development in the Rat, Environ Health Perspect 111 :289 292 (2003). The 
previously published articles covered by the Johnson et al., 2014 erratum are: Dawson BY, Johnson PD, Goldberg 
SJ, Ulreich JB, Cardiac Teratogenesis of Halogenated Hydrocarbon-contaminated Drinking Water, J Am Coll 
Cardiol 21(6):1466- 1472 (1993); Johnson PD, Dawson BY, Goldberg SJ., Cardiac Teratogenicity of 
Trichloroethylene Metabolites, J Am Coll Cardiol 32(2):540-545 ( 1998); Johnson PD, Dawson BY, Goldberg SJ., 
A Review: Trichloroethylene Metabolites: Potential Cardiac Teratogens. Environ Health Perspect I 06 (Suppl 
4):995- 999 (1998); Johnson PD, Dawson BY, Goldberg SJ, Mays MZ. , Trichloroethylene: Johnson et al. 's 
Response [Letter], Environ Health Perspect l l 2:A608- A609 (2004). 
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submitted additional information in support of the Request for Corre<.:tion. This additional 
information cons isted of EPA ' s ovvn assessment of the predecessor study (which reported sornc 
of the data cited) to Johnson et al. (2003). 4 In this I,'.PA assessment for a different 
compound, vinylidene chloride (1 , 1-dichloroethylene ), 5 EPA rejected these data as not 
biologically significant and concluded that they were not suitable to be the basis for an RiC/RtD. 

On March 19, 201 5, under the signature of Acting Assistant Administrator Lek Kadeli, 
EPA denied the lISIA Request for Correction ("EPA Denial") . For the reasons discussed below, 
HSIA disagrees with this EPA decision and requests reconsideration. Specifically, HSIA 
recommends that the RfC/RfD for TCE be based on an endpoint other than cardiac 
malformations. 

I. Peer Review 

The EPA Denial relies heavily on the external peer review of the draft TCE IRIS 
Assessment by the EPA Science Advisory Board ("SAB"), noting that HSIA made presentations 
at five TCE meetings and made 14 presentations in all. HSIA supports independent peer review. 
In this case, however, there are two serious problems with EPA's reliance on the SAB review as 
ensuring quality assurance. First, the SAB review was influenced by the inappropriate and 
improper participation by a scientist with a direct interest in the outcome, indeed, a co-author of 
some of the research under consideration. Second, the SAB review of the TCE IRIS Assessment 
was only the second of three external peer reviews of the specific question of whether the 
Arizona studies reported by Johnson, Dawson and co-authors were of good enough quality to 
warrant EPA reliance: the other two peer reviews determined quite conclusively that they were 
not. 

A. The S.AJ3 Review Was Tainted by the Active Participation of a 
Conflicted Member 

The SAB panel made specific recommendations regarding the studies to be given greatest 
emphasis in the calculation of the RID and the RfC. lt advised EPA to give priority to three 
studies for deriving the RfC and RID, most particularly Johnson et al. (2003) (fetal heart 
malformations in rats) . It is the reliance on this and supporting studies from the same laboratory 
that raises concerns regarding the impartiality and di spassionate judgment of a member of the 
panel. 

4 Dawson, BV, Johnson, PD, Go ld berg, SJ, et al., Cardiac Teratogenes is of Halogenated Hydrocarbon· 
Con tarn i nated Dr in king Water, J. Arn . Co l I. Cardio l. 2 1: 1466- 1472 ( 1993). 

0 Toxico logical Review of I, I ·-Dichlorocthylenc (CAS No. in Support of Summary In formation 
on the Integrated Risk Informati on System (IRIS) (EPA/635/R02/002) (June 2002) ("V inyliclcnc Chloride 
Assessment"). 
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The Overview of the SA B Panel Formation Process states: " If a conflict exists between a 
panel candidate's private financi al interests and activities and public responsibilities as a panel 
member, or even if there is the appearance of partiality , as defined by federal ethics regulations, 
the SAB Staff will , as a rul e, seek to obtain the needed expertise from another individuaL ''6 

Pursuant to the EPA's Peer Review Handbook (3rd Edition), "each adv isory committee member 
or peer reviewer should be evaluated to ensure that an appearance of lack of impartiality does not 
preclude their part.icipation."7 

The draft TCE Assessment clearly was prepared under EPA' s IRIS program. 
Consequently, the peer review of the draft assessment is subject to EPA's NCEA Policy and 
Procedures for Conducting IRIS Peer Reviews. 8 Under these procedures, a recertification of a 
peer-review panelist may be requested to determine if there were any changes to the information 
they previously disclosed that could create ei ther an actual conflict of interest or an appearance 
of bias or lack of impartiality during the period of performance. EPA may be informed about a 
potential emerging conflict of interest situation, including an appearance of bias or lack of 
impartiality, by a person or organization external to EPA. HSIA did so inform EPA, by letter 
dated December 10, 2010 to Honorable Paul T. Anastas, Ph.D., Assistant Administrator, and 
Vanessa Vu, Ph.D., Director, EPA Science Advisory Board Staff. 

Most importantly, the Office of Management and Budget ("OMB") Final Information 
Quality Bulletin for Peer Review states that "agencies shall adopt or adapt the NAS policy for 
committee selection with respect to evaluating conflicts of interest" concerning non-federal 
employees. The National Academy of Sciences ("NAS") Policy on Committee Composition and 
Balance and Conflicts oflnterest for Committees Used in the Development of Reports states that 
"an individual should not serve as a member of a committee with respect to an activity in which 
a critical review and evaluation of the individual's own work, or that of his or her immediate 
employer, is the central purpose of the activity, because that would constitute a conflict of 
interest, although such an individual may provide relevant information to the program activity. "9 

The conduct at issue here is the active participation of Dr. Ornclla Selmin in the 
discussion of the weight to be given a program of in vivo and in vitro experiments carried out 
over two decades at the University of Arizona on the relat ionship between TCE exposure and 

<> EPA, Overview of the Pane l formati on Process at the Environmental Protection Agency Science 
Adv isory Board. Office of the Administrator, Washington DC (2002) (EPA SAB-EC-02--0 I 0), p. 9. 

7 US Env ironmenta l Protection Agency Peer Review Handbook (3rd Edition), Science Po licy Council , 
Washington, DC (2009) (EPA/ J OO/B-06/002), p. 67. The Handbook suggests the fo llowing question to assess a 
cand idate's suitability to serve on a peer-review pane l: " Do you know of any reason that you might be unable to 
provide impartial advice on the matter to come before the Panel or any reason that your im partiality in the matter 
might be quest ioned?" 

8 EPA, NCEA Policy and Procedures for Conduct ing IR IS Peer Rev iews, Office of Research and 
Deve lopment, Washington , DC (2009) . 

''Office of Management and Budget, Final Information Qual ity Bulletin for Peer Review, Executive Office 
of the Pres ident, Washington, DC (2004 ). 
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cardiac malformations. Dr. Selmin is a lead or co-author on a number of papers reporting these 
resu lts, 10 and has co-authored papers with Dr. Paula Johnson, lead author of the most important 
and highly critic ized of these studies. 

As noted in the Request for Correction , ''Johnson and Dawson, with their co llaborators, 
arc alone in reporting that ·rcE is a 'spec ific ' cardiac teratogen,"l 1 and Dr. Sclmin was directly 
involved in this research program. At various stages in the SAB panel discussions, Dr. Selmin 
indicated her support for Johnson et al. (2003) and expressed her view that recent mechanistic 
studies made those findings more robust. For example, on May 1 l , 2010, during the discussions 
on Charge Question 3, Dr. Selmin indicated her support for EPA 's description of the studies 
relating to cardiac malformations (and their admitted shortcomings) but then indicated that new 
studies on mechanism of action make the Johnson et al. (2003) findings more robust. This theme 
was repeated during discussion of Charge Question 8 - derivation of RfC and RID. During the 
summary discussions of Charge Question 3, Dr. Selmin proposed that EPA should include recent 
publications to support conclusions based on Johnson et al. (2003): she is co-author of three of 
those .studies. 12 

Just as IISIA had feared, the findings of Johnson et al. (2003) were elevated to a primary 
source for hazard assessment and derivation of the RfC and RfD largely at the insistence of Dr. 
Selmin. Without impugning Dr. Selmin' s scientific integrity, the extent of criticisms of the 
work of the University of Arizona meant that Dr. Selmin would be drawn to defend the work 
done by her co-workers ; a dispassionate, objective interpretation might not result The 
appropriate action would, at the least, have been for Dr Selmin to be recused from any discussion 
of the interpretation of Johnson et al. (2003) and related studies. 

Under the NAS conflicts policy cited above that is required to be adopted or adapted by 
EPA, "an individual should not serve as a member of a committee with respect to an activity in 
which a critical review and evaluation of the individual1s own work, or that of his or her 

111 E. g. Makawana 0, et al., Exposure to low-dose trichloroethylene alters shear stress gene express ion and 
function in the deve loping chick heart, Cardiovasc Toxicol. I 0(2): I 00-7 (20 IO); Caldwell PT, et al., Gene 
express ion profiling in the feta l cardiac tissue after folate and low-dose trichloroethylene exposure, Birth Defects 
Res A Cl in Mo! Tcratol. 88(2) : 1 l 1-27(20 IO) ; Se im in 0 , et al., Trichloroethylene and trichloroacetic acid regulate 
calcium signaling pathways in murine embroyonal carcinoma cells p 19, Cardiovasc Toxico l. 8(2) : 47-56 (2008); 
Caldwe ll PT, el al., Trichloroeth y lene disrupts cardiac gene express ion and ca lcium homeostas is in rat myocytes, 
T9x ic9J ~s:i. l 04( I): 135-43 (2008); Seim in 0, et al., Effects oftrich loroethylene and its metabolite trichloroacetic 
acid on the express ion of virnentin in the rat H9c2 cell line, Cell Bio l Toxicol. 2 1 (2): 83-95 (2005); Collier JM, et 
al., Tri chlorocthylenc eflects on gene expression during cardiac deve lopment, Birth Defects Res A Clin Mol TeratoJ. 
67(7) : 488-95 (2003). 

11 Hardin , B, el al. , Rc pro . Toxicol. 2 1: 1 17 147 (2006) , cit ing '.ievern l other stud ies frorn the Univers ity of 
Arizona, Tucson. 

1 ' Makawana 0 , et al., Exposure tu low-·dosc trichloroethy lenc alters shear stress gene expression and 
fun ction in the clevclop ing chick heart, Cardiovasc Toxico l. 10(2): 100-7 (20!0); Caldwell PT, ct al., Gene 
express ion profilin g in the fe tal cardiac tissue afte r fo latc and low-dose tr ichlorocth ylenc ex posure, Birth Defects 
Res A Cl in Mo! ·rcratol. 88(2): l I I ··27 (2.0 I Cl) ; Caldwell PT, el al., Trichloroethylcnc disrupts card .iac gen e 
express ion and calcium homeostasis in rat rnyocytes , J..il..2\i.9.-9L~cj. I Cl4( I): l 35·A3 (2008). 



lnlbn nalion Q ua lity Uu idelines Processi ng Sta!T 
.lune I 7. :? O ! S 

5 

immediate emp loye r, is the central purpose of the activi ty , because that would consti tute a 
conflict of interest, although such an individual may provide relevant information to the program 
activity ." Dr. Sclmin' s active parti cipation in the discourse resulted in the SAB panel's 
recommendation that her laboratory ' s controvers ial and unreproducible work be the basis for the 
RfD/RfC fo r TCE, and would seem to constitute a clear conflict of interest under this policy. 

1. Vinylidene Chloride IRIS Assessment 

The EPA Denial discounts the first SAB peer review of the University of Arizona studies, 
in connection with the IRIS assessment of vinylidene chloride (1, 1-dichloroethylene or 1, 1-
DCE), on the basis that " the assessment focused on a different chemical and a different set of 
studies" and thus is "not directly comparable." This is disingenuous, as can be seen in the SAB 
panel 's advice to EPA at the time: 

"General Question 3: For the RfD and the RfC, have the appropriate studies 
been chosen as "principal"? The principal study should present the critical 
effect in the clearest dose response relationship. If not, what other study (or 
studies) should be chosen and why? 

"The Panel unanimously agreed that Quast et al. (1983, 1986) were the 
appropriate studies for the RfC and RID evaluations. The Panel also discussed the 
Dawson et al. ( 1993) developmental study, which suggested an increased 
incidence of cardiac malformations in neonatal rats after exposure of dams to 1, 1-
DCE in drinking water before mating and throughout gestation. This study was 
discussed both to assert why the Quast et al. (198 3, 1986) studies were used and 
why the panel did not recommend use of the Dawson et al. (1993) developmental 
study as the principal study. 

"Although their reasons differed, the paneli sts unanimously believed that the 
Dawson et al. ( 1993 ) developmental toxicity study should not be considered as 
the principal study or considered to represent a potential developmental hazard 
from 1,1 -DCE exposure. The reasons included concerns for the highpositive 
responses on a litter basis in the controls, the lack of increased response between 
the two exposures that varied by 900-fold, and quality control issues identified in 
a 1996 Agency for Toxic Substances and Disease Registry review of other 
developmental toxicity studies -with trichloroethylene (TCE) conducted by these 
investigators. Quality control issues, includi ng lack of analytical confirmation of 
the concentrations in the drinking water in the TCE studies , were brought to the 
attenti on of the Panel by one paneli st on the basis of hi s participation in an earl ier 
review of these studies . Finally, other studies by Fisher et al. , 2001 were cited as 
failing to replicate developmental cardiac changes with TCE. [Emphasis added.] 

"Before the discussion of the deficiencies in the developmental toxicity drinking 
water studies, no panel member felt that Dawson et al. (l 993) study should be 
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used as the principal study. Interest ingly, the panelists were against using the 
Dawson et al. ( 1993) study because it does not prov ide confidence that the effects 
were exposure-related and associated with I)C E exposures, not because the 
changes were variat ions in cardiac morphology." 

Obviously, Dawson et al. ( 1993) reported developmental toxicity data for both 
TCE and v inylidene chloride. In fact, a single control group was used for both the TCE 
and vinylidene chloride treatment groups, although there appears to be some confusion as 
to the size of that control group (sec below). The SAB reviewers' comments are equally 
relevant to TCE because they address quality issues associated with a key component of 
Johnson et al. (2003) -- the evaluation of the 733 -fold difference between the 1, 100 and 
1.5 ppm TCE exposure groups as earlier reported by Dawson et al. (1993). 

Some of the SAB reviewers ' comments relating to study quality are particularly 
relevant, for example, the "concerns for the high positive responses on a litter basis in the 
controls." This comment is intriguing as Dawson et al. (1993) do not appear to provide 
information on the number of control litters. Nonetheless, this issue has been raised 
before and suggests the existence of a colony quality concern with the animals used in the 
developmental toxicity studies reported by the University of Arizona researchers. 
Dawson et al. (1993) reported that three percent of fetuses in the control group had 
cardiac defects. For comparison, the literature includes reports of an historical 
spontaneously occurring cardiovascular malformation rate in Crl:CD Sprague-Dawley rat 
fetuses of 0.04 percent. Although the source of the Sprague-Dawley rats used in Dawson 
et al. (1993) is not identified, a fetal malformation rate two orders of magnitude higher 
than that seen in supplier colonies should be a major concern. 

Another concern raised by the SAB reviewers was "the Jack of increased response 
between the two exposures that varied by 900-fold." Over that vinylidene chloride 
dosage range, the fetal cardiac malformation rate increased from l.9 percent to 3.6 
percent. Over a 733-fold increase in TCE exposure (i.e., 1.5 ppm to 1, 100 ppm) the fetal 
cardiac malformation rate increased from 5.5 percent to 10.4 percent in the same study, 
raising similar concerns for HSIA. Indeed, it is particularly interesting that the reviewers 
noted " [q]uality control issues, including lack of analytical confirmation of the 
concentrations in the dr inking water in the TCE studies". In Jact, Dawson et al. (1 993) 
indicates that the drinking water concentrations of TCE (and vinylidene chloride) were 
tested by gas chromatography at the time of preparation. In the fo llow-up paper, Johnson 
et al. (2003) report a 35 percent loss of TCE from drinking water solutions over a 24-
hour period. 11 is not clear from Dawson et al ( 1993) that TCE losses were even 
measured for the J, I 00 and 1.5 ppm solutions. 

Even more egregiously, the EPA Denial docs not even mention the third 
independent peer review that considered the quality of the Arizona studies - this one 
clearly in the context of an EPA risk assessment of TCE. ·rhc Request for Correction 
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quoted this review at length. As this review apparently was overlooked during tl1c 
preparation of the EPA Denial , thi s excerpt is reproduced below : 

" It is not el ear why OPPT relied on the results of the Johnson et al. (2003) study 
to the exclusion of all other inhalation and oral developmental toxicity studies in 
rodents and rabbits. If in fact the OPPT is reliant upon only the inhalation data, 
why is it the Carney et al. (200 1), the Schwetz et al. (1975), the Hardin et al. 
(1981 ), the Beliles et al. (1980) or the Dorfmueller et al. (1979) study was not 
used? Why is there no discussion of all of the available developmental toxicity 
inhalation bioassays in the present analysis? 

* * * * * 
"As submitted, the exposure parameters appear arbitrary (e. g., 0 .5 and 1 hr/day) 
and may have been selected for sake of convenience. The data upon which 
conclusions put forward by OPPT on risk for developmental toxicity associated 
with arts and crafts use of TCE are not reliable. Nearly all developmental toxicity 
studies with TCE in rodents find no sign of teratogenicity (e .g., Beliles et al. , 
1980) or find only slight developmental delay (Dormueller et al., 1979). Chiu et 
al. (2013) cite the NRC (2006) report as verification of their risk assessment for 
TCE developmental tox icity, but actually the NRC (2006) concluded: 

"Additional studies evaluating the lowest-observed-adverse­
effect-level and mode of action for TCE-induced developmental 
effects are needed to determine the most appropriate species 
for human modeling." 

"In its present assessment, the OPPT ignored the serious deficiencies already 
identified in conduct of the Johnson et al. (2003) rat drinking water study upon 
which the BMDO 1 was based (Kimmel et al., 2009; Watson et al., 2006) 
[Attachments 1 and 2]. In their weight-of-evidence assessment, Watson et al. 
(2006) concluded: 

" . .. application of Hi II ' s causality guidelines to the collective body of data 
revealed no indication of a causal link between gestational TCE exposure 
at environmentally relevant concentrations and congenital heart defects." 

"Those conclusions were consistent with Hardin et al. (2005) . Perhaps most 
disturbing of all in US EPA's re liance upon Johnson et al. (2003) as the key study 
(which for the basis for their lowest non-cancer TCE hazard index and margin of 
exposure) is the observation by Hardin and associates (2004) : 

"Conventional developmental and reproductive toxicology assays in mice, 
rats and rabbits consistently fail to find adverse effects of TCE on 
fertility or embryonic development aside from embryo- or fetotoxicity 
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associated wi th rrn.1tcrnal toxicity. Jo hnson and Dawson, wi th thei r 
co ll aborators, arc alo ne in reporting that TCE is a "specific" cardiac 
teratogen." 

"One of the funda mental tenants in science is the re liabi lity and reproducibi lity of 
results of scientific investigations . In th is regard, one of the most damning of the 
TCE developmental toxicity studies in rats is that by Fisher et a l. (2005) who 
stated: 

"The obj ective of this study was to orally treat pregnant CDR(CD) 
Sprague-Dawley rats with large bolus doses of either TCE (500 mg/kg), 
TCA (300 mg/kg) or DCA (300 mg/kg) once per day on days 6 
through 15 of gestation to determine the effectiveness of these 
materials to induce cardiac defects in the fetus. All -trans-retinoic 
acid (RA) dissolved in soybean oil was used as a pos itive control." 

"The heart malformation incidence for fotuses in the TCE-, TCA- and 
DCA-treated darns did not differ from control values on a per fetus 
or per litter basis. The RA treatment group was significantly higher 
with 33(% of the fetuses displaying heart defects." 

"Unfortunate ly, Johnson et al. (2005) fa iled to report the source or age of their 
animals, their husbandry or provide comprehensive historical control data for 
spontaneous cardiovascular malformations in their colony. The Johnson study 
with 55 control litters compared to 4 affected litters of 9 treated was apparently 
conducted over a prolonged period of time (perhaps years); it is possible this was 
due to the time required to dissect and inspect fresh rodent fetuses by a small 
academic research group. However, rodent background rates for malformations, 
anomalies and variants show temporal fluctuations (WHO, 1984) and it is not 
clear w hether the changes reported by Johnson et a l. (2005) were due to those 
fluctuations or to other factors . Surveys of spontaneous rates of terata in rats and 
other laboratory animals are common particularly in pharmaceutical and contract 
laboratory safety assessment (e.g., Fritz et al., 1978; Grauwiler, 1969; Palm er, 
1972; Perraud, 1976) . The World Health Organization (1984) advised : 

"Control values should be collected and permanentl y recorded. 
They provide q ualitative assurance of the nature of spontaneous 
malformations that occur in contro l populations . Such records 
also monitor the abili ty of the investigator to detect various 
subtl e structural changes that occur in a variety of organ 
systems.' '' 

" Rates of spontaneous congenital defects in rodents can vary with temperature 
and housing conditions . For example, depending on the laboratory levocardia and 
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cardiac hypertrophy occur in rats at background rates between 0.8- L25% 
(Perraud, 1976). Laboratory conditions can also influence study outcome; for 
instance, maternal hyperthennia (as a result of ambient elevated temperature or 
infection) can induce congenital defects (including cardiovascular malformations) 
in rodents and it acts syncrgisti cally with other agents (Aoyama et al. , 2002; 
E~dwards, 1986; Zins kin and Morrissey , 2011 ). Thus while the anatomical 
observations made by Johnson et al. (2003) may be accurate, in the absence of 
data on maternal well-being (including body weight gain), study detai ls (including 
investigator blind evaluations) , laboratory conditions, positive controls and 
historical rates of cardiac terata in the colony it is not possible to discern the 
reason(s) for the unconventional protocol, the odd dose-response and marked 
differences between the Johnson et al. (2003) results and those of other groups. 

"As noted by previous investigators, the rat fetus is ' clearly at risk both to parent 
TCE and its TCA metabolite' given sufficiently high prenatal TCE exposures that 
can induce neurobehavioral deficits (Fisher et al., 1999; Taylor et al. , 1985), but 
to focus on cardiac terata limited to studies in one laboratory that have not been 
reproduced in other (higher dose) studies and apply the BMDOl with additional 
default toxicodynamic uncertainty factors appears misleading." 13 

We respectfully submit that EPA should not deny our Request for Correction on the basis 
of prior EPA peer rev iew and not address the most recent and directly relevant of those peer 
reviews. 

II. EPA's Own Review Does Not Support Use of Johnson et al. for Dose-Response 

HSIA learned from footnote 19 of the EPA Denial that the Agency empanelled a group of 
15 EPA scientists to conduct an evaluation of the potential for cardiac defects occurring as a 
consequence of exposures to TCE. This "TCE Developmental Cardiac Toxicity Assessment 
Update" was submitted to the docket (EPA-I-IQ-OPPT-20 12-0723) for the TSCA Work Plan 
Chemicals R isk Assessment of TCE just two weeks before EPA ' s Expert Public Workshop on 
Alternatives and Risk Reduction Approaches to Trichloroethylene (TCE) held on July 29-30, 
2014. 

Although the Update is apparently the result of extensive deliberations by a multi­
d isciplinary team of EPA scientists, there is no indication that it was ever subj ected to any sort of 
external peer review. Other than through its submission to the OPPT docket, there is no 
indication that its existence was announced publicly. While several aspects of the Update are of 
interest, as discussed further below, here we focus on the very clear reservations shared by the 
EPA scientists on the use of Johnson et al. (2003) to derive an RfC/RfD , which is the heart of 
HSIA ' s concern with the TCE IRIS Assessment: 

--------------
13 l1Hp:.//\:\llY\:\l'.5\c!;.(;( llJJ '.cQtJ)/[c;J:>,Ql)/pi:c;qrnm 9Dl ~.Jl?P, pp. 56 -73 . Attachments containing more cletai led 

critiques of Johnson et al arc also available vi a th is li nk . 
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"Overall , taking into account the study's design, its strengths and limitations, and 
uncertainti es in the we ight or evicknce, a rnajority of the team members agreed 
that the Johnson el al. (2003) study was suitab le for use in deriving a point 
departure. However, confidence oftearn 1nernbers in the dose response evaluation 
olthe cardiac defect dataji·om the Johnson et al. (2003) stuczv was characterized 
as between "luw" and "medium··· (1vith 7 lf1 I team members rating co11fidence 
as "luw " andfour teom members rating co1?fidence as "low to medium"). 
Nonetheless, the team members concluded that the point of departure derived in 
the 2011 TCE assessment, which used an approach consistent with standard U.S . 
EPA dose response practices, remained a reasonable choice." 

This statement indicates that none of the EPA scientists bad more than low to medium 
confidence in the use of Johnson et al. to derive the RfC/RfD. Such concerns expressed by its 
own scientists raise again the question of why EPA would disregard all previous reviews of the 
Arizona studies , including its own, and rely on Johnson et al. (2003) to derive the RfC/RfD. 

In addition, the summary/conclusions section of the Update supports I-ISIA's position that 
Johnson et al. (2003) is scientifically unacceptable: 

"The minimum evidence that would be necessary to determine whether there is 
or is not sufficient evidence of developmental toxicity is the existence of 
appropriate, well-conducted animal study(ics). The overall TCE database met this 
criterion, although limitations and uncertainties in the primary study used in dose 
response (Johnson et al., 2003) are acknowledged. Those limitations and 
uncertainties were the basis of the only dissenting opinion (i.e., of one team 
member) regarding whether the database supports a conclusion that TCE 
exposures during development are likely to cause cardiac defects." 14 

"The team had a range of views as to their confidence in the conclusion regarding 
hazard for cardiac defects-with three out of nine scientists expressing an opinion 
concluding the confidence should be medium to high, and six of nine concluding 
confidence should be " low" or "medium." These ratings were influenced by 
whether the primary focus was on the uncertainties and limitations of the Johnson 
et al. (2003) study or whether it was on the weight of evidence consideration of 
the entire database ." 

"However, confidence of team members in the dose response evaluation of the 
cardiac defect data from the Johnson et al. (2003) study was characterized as 
between " low" and "medium ' (with 7 of l l team members rating confidence as 
"low" and four team members rating conridence as "low to medium") ." 

1
'
1 !\ 'rnajor ity' (presumab ly not all) of the remaining team rncrnbcrs disagreed vvi th the single dissenting 

op ini on and felt that the database supports a conclusion that TCE exposures during development arc likely to cause 
card iac defects. However, the statement implies that an unreported nurnber of the remaining tearn rnembers shared 
the concerns of the dissenter. 
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Given the study and data quality issues that have been identified by HSIA, the EPA 
scientists, and others, it is amazi ng that " [o]n the whole, a majority of the team members agreed 
that Johnson et at. (2003) is suitable for use in deriving a point of departure," We believe that it 
has been ampl y demonstrated that the study is so flawed that there can be no co nfidence in its 
reported results, Yet it remains the sole animal drinking water developmental toxicity study that 
demonstrates a dose-response relationship between TCE dose and cardiac defects. Without 
Johnson et al. (2003), there is at best a collection of 'supportive ' studies with no key study to 
support. The Update appears to separate the quality of the study from methodologies used in the 
close-response analysis and point of departure determination. This is analogous to evaluating the 
quality of a house construction while ignoring the fact that the foundation is inadequate. 

III. The ArizomU$_t_ll~ties Lacked Concurrent Control Groups and Had Other Quality 
Issues 

HSIA has consistently maintained that the data presented in Johnson et al. (2003) and 
subsequently clarified in the two errata do not allow calculation of the incidence of cardiac 
malformations per litter that is time-matched to concurrent controls (the standard practice for 
evaluation of developmental toxicity studies). Accepting the authors ' claims in the 2014 erratum 
that exposure times cannot be confirmed for substantial amounts of either control or treatment 
data, it also can be presumed that it is now impossible to reconstruct a calculation of per litter 
incidence of cardiac malformations that is appropriately matched to concurrent controls. Thus, 
the data reported in Johnson et al. (2003), even as amended in two subsequent errata, do not 
allow for data analysis generally accepted as essential to interpreting outcomes of developmental 
toxicity study findings. The lack of data availability and clarity sufficient to construct key 
analyses associated with a key study should disqualify the use of that study in important agency 
decisions such as RfC/R ID derivation. 

The EPA Denial states that " [c ]ontrary to your assertions, in our review of the erratum we 
noted that a concurrent control group is identified for each of the TCE study groups identified. 
Table 1 shows that during each time period that laboratory animals were being exposed to TCE, 
there was a temporally overlapping control group of test animals." We fail to understand how 
EPA can conclude from the available information that concurrent controls were, in fact, run. 

Enclosed is a copy of a document identified in the TCE IRIS Assessment as HERO ID 
783484. IISIA contacted NCEA's Weihsueh Chiu on June 6, 2013, requesting any raw data, in 
addi tion to that in HERO ID 783484, that EPA had received from the University of Arizona 
group that may have been used to evaluate Johnson et al. (2003) . His response on June 13, 2013 
indicated that " [w ]e do not have any of the additional data you are seeking. EPA's analyses were 
based on the data obtained in the posted I:TERO document." Examination of the enclosure 
reveals data for the four treatment groups and a large control group, but there are no dates 
associated with any of the treated or control animals. If this does, in fact, represent the entirety 
of the data used by EPA in its IRIS evaluation of Johnson et al. (2003), HSIA must vigorous ly 
disagree with EPA's contention that "concurrent controls were, in fact, run." The flawed and 
inconsistent information provided in the 2005 and 20 14 Errata do nothing to change that 
position, 
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Starting with the 2014 Erratum, in referring to the two lower doses shown in 'fabl e l of 
the 2005 Erratum, the authors claim that "although the exact dates can no longer be confirmed, 
the start dates for these three groups occurred in 1994, not I 995" and that "all of the animal 
exposure experiments were run with concurrent controls." First, we arc curious why it took the 
authors nine years to realize that a 21-day exposure study could not be conducted in the eight 
days between June 6, 1995 and June 13, 1995 (i.e., as reported for the 2.5 ppb dose) or the 
seventeen days between July 5, 1995 and July 2 1, 1995 (i, e., as reported for the 250 ppb dose), 11 

and even more curious about what prompted the authors to publish the 2014 Erratum. In 
referring to the "three groups," the Erratum also implies that the start date for the concurrent 
contro l group (presumably the group listed as starting on July 18, 1995) actually began in 1994. 
According to the 2014 Erratum, we are left to conclude that the 21-day exposure for these two 
dosing groups (and presumably their concurrent control group) took place over a period 
exceeding one year "although the exact dates can no longer be confirmed. " 

The 2014 and 2005 Errata also sti ll fail to convince a reader that concurrent controls were 
run for all groups. The 20 14 Erratum states that the exposure start dates were "were incorrect 
for the 2.5 ppb and 250 ppb TCE groups and their concurrent controls" and that the "stmi dates 
for these three groups occurred in 1994, not 1995." However, the 2014 Erratum makes no such 
correction statement regarding the start times listed for the l , 100 ppm and 1.5 ppm TCE groups 
and claimed concurrent controls described in Table 1 of the 2005 Erratum. The latest stmi times 
were March 12, 1990 for the 1, 100 ppm TCE group and December 26, 1990 for the 1.5 ppm 
group. In contrast the latest start times for the supposed "concurrent" controls were listed as 
October 10, 1992 for the 1, 100 ppm TCE treatment group (meaning at least some of the 15 
control "mothers" were started well after their supposed "concurrent" TCE treatment group). 
Even more problematic is that all the supposed "concurrent" contro ls for the 1.5 ppm group were 
started after December 11, 1992 even though the start dates for the concurrent TCE treatment 
groups all started at the latest on December 26, 1990. Taken at face value as described in the 
Table 1 of the 2005 Erratum, it is impossible for the 1.5 ppm group to have had a concurrent 
control , and highly unlikely for the 1, 100 ppm group as well. 16 

In trying to resolve the issue of concurrent controls, HSIA has also discovered some 
troubling issues with the 2005 Erratum. Although EPA focused on Johnson et al. (2003) to draw 
conclusions about the ability of TCE to cause cardiac defects in rats, it is acknowledged that 
results from that paper for the two higher exposure doses (i.e. , 1, 100 and 1.5 ppm) were actually 

15 The 2014 Erratum refers to the June 6 to June 13 , 1995 period as "exposure sta rt dates," while the 2005 
Erratum ca ll s these "dates of ex posure" in the ti t le of Table I and the tex t describes the dates as the "date ranges of 
experirnental treatment," also implying that this is the time period in which the animals were treated (obvi ously 
irnposs ible as stated in the comment). The fault ]()r the confusion is cntir·eiy that of John son el al., who cannot seem 
to provide an accurate desc ription of the experiment. 

it, In addition, the earliest start dates of the controls for the 2.5 and 25 0 ppb treatment groups are 2-.J weeks 
ahead of the earli est start dates for the treatment groups, in dicati ng that, even at best, the concu rrent controls could 
not have been started sirnu ltaneously. 
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first published by Dawson et u!. (1993) . A comparison of information provided in that paper 
against information provided in the 2005 Erratum yields some further inconsistencies that require 
clarification . The Dawson et al. ( 1993) manuscript was received by the Journal of the American 
College of Cardiology on January 7, 1992, with a revised manuscript received on October 13, 
1992. In the publi shed paper (Table 2), the authors describe a single control group (i.e .. Gro up 
VII) comprising 238 fetuses (although the number of li tters is not provided). An examination of 
the control groups in Table 1 of the 2005 Erraturn reveals that there is only one group (i. e., the 
group with the dates of June 14, 1989 to October 10, 1992)' 7 that could have been run 
concurrently with the l , l 00 and 1.5 ppm treatment groups. 18 Setting aside for the moment the 
inconsistency between the manuscript submission date (i.e. , January 7) and the October 10 
closing date reported for the control group, an even greater inconsistency is the actual number of 
fetuses in that control group. Dawson et al. (1993) report a control group comprising 238 
fetuses , whereas, Table l in the 2005 Erratum reports a control group comprising 135 fetuses. 19 

As described above, given the pertinent dates, this is the only possible concurrent control group 
for the 1, 100 and 1.5 ppm exposure groups and the authors appear to be confused about its size. 

HSIA agrees with the EPA Update that there are "study design and reporting issues" 
associated with Johnson et al. (2003) and Dawson et al. (1993), but we fail to see how the 2014 
Erratum has done anything to adequately address those issues . The 2014 Erratum provides little 
of substance other than attempting to clarify an apparent reporting error in exposure start dates, 
while stating that "the exact dates can no longer be confirmed." Moreover, the assertion that "all 
the animal exposure experiments were run with concurrent controls" does not appear to be 
suppo1ied by the facts. 

Table 1 of the Update states that " [a]n EPA review of the available control data did not 
observe unusual heterogeneity in prevalence of malformations." Examination of the control data 
in the enclosure (HERO ID 783484) reveals abnormality data for 55 litters and, as shown, 
abnormalities occurred in nine litters. However, as no dates are provided for any of the 

17 As noted above, the controls with these listed start dates could not have been entirely run concurrently 
with the 1, l 00 and 1.5 ppm groups in that the last start date for either TCE group is listed as December 26, 1990, 
almost 2 years before the last start date for the control s. And none of the start dates for the 1.5 ppm group match up 
with the start dates for their supposed concurrent contro ls. The on ly way out of this confusing conundrum for 
.Johnson et at. would be for them to adm it (which they have not clone, even in the 20 14 Erratum) that the contro l and 
treated data provided on the sam e lines in Table I are not meant to infer the groups were actually associated -· a very 
unconventional way of constructing a data table. And, even if the list of start elates for controls is not intended to be 
matched to the treatment groups shown on the same line, the 1. 5 ppm group still has essentia lly no time overlap with 
any of the contro l group start times listed in Table I of the 2005 Erratum. 

18 If one of the control groups had a start date of October I 0, 1992, it would have been impossible to 
include evaluations from that group in a revision submitted on October 13 , 1992 (no one can do a teratology 
evaluat ion that fast) , not to menti on the controls would have been held for the entire 2 1 days of pregnancy, putting 
the sacr ifice of th is group we ll beyond the October 13 date. 

19 23 8 fetuses were reported as controls fo r both 1.5 and I, I 00 TC F·: doses. l lmvever, Table I of the 2005 
L:rratum lists 135 + 155 = 290 contro l fetuses total for both groups (and possibly another 62 wh ich are shown on the 
next line clown in Tab le I). So, the 2005 Errata serves furth er to illustrate the very substan tia l confusion on contro l 
animal numbers and assoc iated start times. 
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individual contro l litters , there is no way of directly determ ining whether or not there vvas 
"unusual heterogenci ty in prevalence of malformations. " From in di re ct cv idcnce, however, it 
appears that there was indeed unusual heterogeneity. Table 3 fro m Dawsor1 et al. ( 1993) 
indicates that there were seven abnormal hearts in the s ingle contro l group associated with that 
study (i.e., Group VII). Individual litter data from the I IERO enclosure indicate that there were 
onl y 13 abnormal hearts in the entire control group compri sing 606 fetuses and 55 litters. With 
that knowledge and the lack of dates for individual litters , HSIA does not understand how EPA 
concluded that there was no "unusual heterogeneity" associated with the pooled controls. 

As discussed previously, it appears that the 'concurrent ' control group for the 1,100 and 
25 0 ppm TCE treatment groups had to be the control group described in Dawson et al. (1993) . 
That study comprised six TCE-treated groups, four vinylidene chloride-treated groups, and a 
single control group (i.e ., Group VII). Although Dawson el al. (1993) do not provide 
information on the number of litters in each of the eleven treatment and control groups, the 2005 
Erratum indicates that there were 15 litters in the control group and a total of 22 litters in the 
1,100 and 250 ppm TCE groups treated only during pregnancy. If these three groups (out of 11 
total treatment and control groups) comprised 37 litters, HSIA must question the assertion in the 
2014 Erratum that rats " were ordered based on a 40-animal maximum capacity." If that assertion 
is correct, there is also no way that concurrent controls were run by Dawson et al. (1993), despite 
the authors ' assertion. 

The 2005 Erratum also makes clear that contro l groups were included in Johnson et al. 
(2003) for which there were no concurrent treatment groups. Conducting a statistical analysis of 
the dose-response relationship between TCE exposure and cardiac defects using a control group 
inflated in size through the inclusion of controls from other studies has been criticized. It 
remains a critical flaw both in Johnson et al. (2003) and in EPA 's continuing assertion that a 
reliable dose-response relationship exists . 

HSIA agrees with the EPA Update 's understated comment that "some questions on that 
study [referring to Johnson et al. (2003)] remain unresolved." Although most of the unresolved 
issues have been raised before , HSIA was unaware from reviewing the literature that the animals 
were "group housed" as stated in the Update. This certainly adds an additional complication to 
any interpretation of Dawson et al. (1993) and Johnson et al. (2003). As noted by EPA and 
others, there was already uncertainty associated with reported details of the TCE exposure 
conditions. The three groups reported in Dawson et al. ( 1993) (i.e. , the 1, 100 and 25 0 ppm TCE 
treated groups and the concurrent control group) were exposed either to tap water, or TCE 
dissolved in tap water, with no chemical analysis to verify the average daily TCE concentration 
in the consumed water. For the two remaining TCE treatment groups and presumably for 
some/all of the composited control groups reported in Johnson et al. (2003), distilled water was 
used as the exposure veh icle. The use of dilJerent exposure vehicles within the same study is 
another experimental variable questioning the results of Johnson ct al. (2003). 

'fhe disclosure that animals were group housed is also very troubling given EPA's 
assertion of a dose-response relationship between 'T'CE exposure and the occurrence of cardiac 
defects. First of all , it is not clear how many animals were housed together. Johnson et al. 
(2003) indicates that animals were housed in groups of three to four, however, once pregnant, 
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'"the rats \Vere rnndm,tl y placed tesL groups .'' Tf', pregnan t aninwls \Vere grouped, gs 

acknowledged above by EPA., there is no way lo recreate an indivich.tal ·rcE exposure dose based 
on the to tal amount drin king water consutned by group without any knowledge of water 
consumption rates by each individual animal within that group. Grouping of the pregnant 
anirn.als would also preclude a eornparison of daily water intake between control and treated rats, 
an important component in any dose-response analysis. 

The most likely reason for the positive results reported by the Arizona researchers is that 
the statistics were performed differently from traditional developmental studies. Original 
statistics were performed on a per-fetus basis, rather than on a per-litter basis, despite the fact 
that per-litter analysis is the accepted method for developmental effects related to chemical 
exposure during pregnancy, as recommended by the EPA Office of Research and Development. 
Statistics should be conducted on a per-litter basis because, during gestation, the dam is the unit 
of treatment and exposure of the pups is dependent on her. Performing statistics on a per-fetus 
basis artificially inflates the significance of the findings. Had the correct statistical unit been 
used in these studies, a positive correlation between TCE and fetal heart malformations probably 
would not have been reported in the original drinking water studies. 

In the later studies, the Arizona investigators re-published data from the original studies, 
using pooled controls from all of their studies in their statistical evaluation. Pooling of controls 
is not an appropriate statistical practice and is likely to have exaggerated the alleged statistical 
significance.20 While the investigators report a significant increase in fetal heart malformations 
on a per-litter basis at 250 ppb TCE, there is no reported effect at 1.5 ppm, suggesting a lack of a 
dose-response effect. Curiously, the Arizona researchers present a dose-response curve, based 
on a probit analysis, at concentrations up to 4,870 ppm. 2 1 The concentration of 4,870 ppm is well 
above water solubility for TCE, however, and the authors fail to explain how they could generate 
a curve using concentrations for which no data exist. 

IV. Conclusion 

In conclusion, HSIA has demonstrated that there are such serious quality issues 
associated with Johnson et al. (2003) that the study should not have been used by EPA as a 
principal study for drawing conclusions about the ability of TCE to cause cardiac defects, much 
less for deriving toxicological values. The RfC/RfD for TCE should be withdrawn and 
established without reference to the unreproducible close-response reported by Johnson et al. 
(2003) . 

20 Hardin, B, et al. , Repro. Tox ico l. 2 1: l l 7·- 147 (2006). 

1. i Johnson et ul. (2003 ), Figure 3. 'I'he authors indic21le that the el ate:. in Figure 3 were extrapolated datu , nu! 
ac tual data from experiments, e. g., prob it projections of 50'Yo and higher response rates against TCE water 
concentratio ns . Ilowevcr, the authors do nol note in the ir discussion of Figure J that such concentrations are wel l 
above TCE water solub il ity lirnits, so Figure 3 should ha ·.;e te rmi nated at I, I 00 ppm (i. e ., proj ected res ponses of 
TCE in drinking v1ater are above l imits of soi ubi l ity and thus arc impossib le based on imm utable physicochemica i 
propert ies ofTC F-:) . 
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i 
55 litters total '606 Fetuses total , 

r~~~l ---9 (t~e:rs=wii:11t~~~E~~~:~~lr~:t~t;~~o1~t1§ec~re~~fo11itters 
Control Summary (No statistical sign between groups over time, so controls were thus combined) 
6-06fetuses1ss l1latema1 ratst ota1 •.•• I I 
9 litters with fetuses with abnormal hearts out of the 55 total litters 

~~~------------------~ 

i 1 3/606 fetuses with abnormal hearts 
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