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GUIDE TO READERS OF THIS DOCUMENT 

 

 

Due to the length of the TCE toxicological review, it is recommended that 

Chapters 1 and 6 be read prior to Chapters 2–5. 

Chapter 1 is the standard introduction to an IRIS Toxicological Review, describing the 

purpose of the assessment and the guidelines used in its development. 

Chapter 2 is an exposure characterization that summarizes information about TCE 

sources, releases, media levels, and exposure pathways for the general population (occupational 

exposure is also discussed to a lesser extent). 

Chapter 3 describes the toxicokinetics and physiologically based pharmacokinetic 

(PBPK) modeling of TCE and metabolites (PBPK modeling details are in Appendix A). 

Chapter 4 is the hazard characterization of TCE.  Section 4.1 summarizes the evaluation 

of epidemiologic studies of cancer and TCE (qualitative details in Appendix B; meta-analyses in 

Appendix C).  Each of the Sections 4.2–4.9 provides a self-contained summary and syntheses of 

the epidemiologic and laboratory studies on TCE and metabolites, organized by tissue/type of 

effects, in the following order: genetic toxicity, central nervous system (CNS), kidney, liver, 

immune system, respiratory tract, reproduction and development, and other cancers.  Additional 

details are provided in Appendix D for CNS effects and in Appendix E for liver effects.  

Section 4.10 summarizes the available data on susceptible lifestages and populations.  

Section 4.11 describes the overall hazard characterization, including the weight of evidence for 

noncancer effects and for carcinogenicity. 

Chapter 5 is the dose-response assessment of TCE.  Section 5.1 describes the dose-

response analyses for noncancer effects, and Section 5.2 describes the dose-response analyses for 

cancer.  Additional computational details are described in Appendix F for noncancer dose-

response analyses, Appendix G for cancer dose-response analyses based on rodent bioassays, and 

Appendix H for cancer dose-response analyses based on human epidemiologic data. 

Chapter 6 is the summary of the major conclusions in the characterization of TCE hazard 

and dose response.   

Appendix I contains the summary of EPA‘s response to major external peer review and 

public comments. 
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FOREWORD 

 

 

The purpose of this Toxicological Review is to provide scientific support and rationale 

for the hazard and dose-response assessment in IRIS pertaining to chronic exposure to 

trichloroethylene.  It is not intended to be a comprehensive treatise on the chemical or 

toxicological nature of trichloroethylene. 

The intent of Chapter 6, Major Conclusions in the Characterization of Hazard and Dose 

Response, is to present the major conclusions reached in the derivation of the reference dose, 

reference concentration and cancer assessment, where applicable, and to characterize the overall 

confidence in the quantitative and qualitative aspects of hazard and dose response by addressing 

the quality of the data and related uncertainties.  The discussion is intended to convey the 

limitations of the assessment and to aid and guide the risk assessor in the ensuing steps of the 

risk assessment process.   

For other general information about this assessment or other questions relating to IRIS, 

the reader is referred to EPA‘s IRIS Hotline at (202) 566-1676 (phone), (202) 566-1749 (fax), or 

hotline.iris@epa.gov (email address). 
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EXECUTIVE SUMMARY 

 

 

There is substantial potential for human exposure to trichloroethylene (TCE), as it has a 

widespread presence in ambient air, indoor air, soil, and groundwater.  At the same time, humans 

are likely to be exposed to a variety of compounds that are either metabolites of TCE or which 

have common metabolites or targets of toxicity.  Once exposed, humans, as well as laboratory 

animal species, rapidly absorb TCE, which is then distributed to tissues via systemic circulation, 

extensively metabolized, and then excreted primarily in breath as unchanged TCE or carbon 

dioxide, or in urine as metabolites. 

Based on the available human epidemiologic data and experimental and mechanistic 

studies, it is concluded that TCE poses a potential human health hazard for noncancer toxicity to 

the central nervous system, kidney, liver, immune system, male reproductive system, and the 

developing fetus.  The evidence is more limited for TCE toxicity to the respiratory tract and 

female reproductive system.  Following U.S. Environmental Protection Agency (U.S. EPA, 

2005b) Guidelines for Carcinogen Risk Assessment, TCE is characterized as ―carcinogenic in 

humans by all routes of exposure.‖  This conclusion is based on convincing evidence of a causal 

association between TCE exposure in humans and kidney cancer.  The human evidence of 

carcinogenicity from epidemiologic studies of TCE exposure is strong for non-Hodgkin 

Lymphoma but less convincing than for kidney cancer, and more limited for liver and biliary 

tract cancer.  Less human evidence is found for an association between TCE exposure and other 

types of cancer, including bladder, esophageal, prostate, cervical, breast, and childhood 

leukemia, breast.  Further support for the characterization of TCE as ―carcinogenic in humans by 

all routes of exposure‖ is derived from positive results in multiple rodent cancer bioassays in rats 

and mice of both sexes, similar toxicokinetics between rodents and humans, mechanistic data 

supporting a mutagenic mode of action for kidney tumors, and the lack of mechanistic data 

supporting the conclusion that any of the mode(s) of action for TCE-induced rodent tumors are 

irrelevant to humans.   

As TCE toxicity and carcinogenicity are generally associated with TCE metabolism, 

susceptibility to TCE health effects may be modulated by factors affecting toxicokinetics, 

including lifestage, gender, genetic polymorphisms, race/ethnicity, preexisting health status, 

lifestyle, and nutrition status.  In addition, while these some of these factors are known risk 

factors for effects associated with TCE exposure, it is not known how TCE interacts with known 

risk factors for human diseases.   

For noncancer effects, the most sensitive types of effects, based either on human 

equivalent concentrations/doses or on candidate inhalation reference concentrations (RfCs)/oral 

reference doses (RfDs), appear to be developmental, kidney, and immunological (adult and 

developmental) effects.  The neurological and reproductive effects appear to be about an order of 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
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magnitude less sensitive, with liver effects another two orders of magnitude less sensitive.  The 

RfC of 0.0004 ppm (0.4 ppb or 2 μg/m
3
) is based on route-to-route extrapolated results from oral 

studies for the critical effects of heart malformations (rats) and immunotoxicity (mice).  This 

RfC value is further supported by route-to-route extrapolated results from an oral study of toxic 

nephropathy (rats).  Similarly, the RfD for noncancer effects of 0.0005 mg/kg/day is based on 

the critical effects of heart malformations (rats), adult immunological effects (mice), and 

developmental immunotoxicity (mice), all from oral studies.  This RfD value is further supported 

by results from an oral study for the effect of toxic nephropathy (rats) and route-to-route 

extrapolated results from an inhalation study for the effect of increased kidney weight (rats).  

There is high confidence in these noncancer reference values, as they are supported by moderate-

to-high confidence estimates for multiple effects from multiple studies. 

For cancer, the inhalation unit risk is 2 × 10
-2

 per ppm [4 × 10
-6

 per µg/m
3
], based on 

human kidney cancer risks reported by Charbotel et al. (2006) and adjusted, using human 

epidemiologic data, for potential risk for NHL and liver cancer.  The oral unit risk for cancer is 

5 × 10
-2

 per mg/kg/day, resulting from physiologically based pharmacokinetic model-based 

route-to-route extrapolation of the inhalation unit risk based on the human kidney cancer risks 

reported in Charbotel et al. (2006) and adjusted, using human epidemiologic data, for potential 

risk for NHL and liver cancer.  There is high confidence in these unit risks for cancer, as they are 

based on good quality human data, as well as being similar to unit risk estimates based on 

multiple rodent bioassays.  There is both sufficient weight of evidence to conclude that TCE 

operates through a mutagenic mode of action for kidney tumors and a lack of TCE-specific 

quantitative data on early-life susceptibility.  Generally, the application of age-dependent 

adjustment factors (ADAFs) is recommended when assessing cancer risks for a carcinogen with 

a mutagenic mode of action.  However, because the ADAF adjustment applies only to the kidney 

cancer component of the total risk, it is likely to have a minimal impact on the total cancer risk 

except when exposures are primarily during early life. 

 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=729633
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