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FOREWORD 
 
This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic 
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA).  The 
original guidelines were published in the Federal Register on April 17, 1987.  Each profile will be revised 
and republished as necessary. 
 
The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects 
information for these toxic substances described therein.  Each peer-reviewed profile identifies and 
reviews the key literature that describes a substance's toxicologic properties.  Other pertinent literature is 
also presented, but is described in less detail than the key studies.  The profile is not intended to be an 
exhaustive document; however, more comprehensive sources of specialty information are referenced. 
 
The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile 
begins with a relevance to public health discussion which would allow a public health professional to 
make a real-time determination of whether the presence of a particular substance in the environment 
poses a potential threat to human health.  The adequacy of information to determine a substance's health 
effects is described in a health effects summary.  Data needs that are of significance to the protection of 
public health are identified by ATSDR. 
 
Each profile includes the following: 
 

(A) The examination, summary, and interpretation of available toxicologic information and 
epidemiologic evaluations on a toxic substance to ascertain the levels of significant 
human exposure for the substance due to associated acute-, intermediate-, and chronic-
duration exposures; 

 
(B) A determination of whether adequate information on the health effects of each substance 

is available or in the process of development to determine levels of exposure that present 
a significant risk to human health of acute, intermediate, and chronic health effects; and 

 
(C) Where appropriate, identification of toxicologic testing needed to identify the types or 

levels of exposure that may present significant risk of adverse health effects in humans. 
 
The principal audiences for the toxicological profiles are health professionals at the Federal, State, and 
local levels; interested private sector organizations and groups; and members of the public. 
 
This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has been 
peer-reviewed.  Staffs of the Centers for Disease Control and Prevention and other Federal scientists have 
also reviewed the profile.  In addition, this profile has been peer-reviewed by a nongovernmental panel 
and was made available for public review.  Final responsibility for the contents and views expressed in 
this toxicological profile resides with ATSDR. 
 

 
Christopher M. Reh, Ph.D. 

Associate Director 
Agency for Toxic Substances and Disease Registry 

Centers for Disease Control and Prevention 
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CHAPTER 1.  RELEVANCE TO PUBLIC HEALTH 
 

1.1   OVERVIEW AND U.S. EXPOSURES 
 

Chloroform (also known as trichloromethane or methyl trichloride) is a volatile colorless liquid with a 

pleasant non-irritating odor and a slightly sweet taste.  Chloroform is produced naturally via biological 

and physical processes.  Most of the chloroform produced by industry in the United States is used as a 

chemical intermediate, specifically for producing refrigerants and polymers used for non-corrosive, 

waterproof, or nonstick liners.  Additionally, chloroform may be used as a solvent in various industrial 

applications.  Historically, chloroform was also used as an anesthetic during surgery, but it is no longer 

used for this purpose due to availability of safer alternatives. 

 

Chloroform produced by industry can enter the environment from chemical companies’ waste sites.  

Chloroform can also enter the environment as an unwanted disinfection byproduct that originates from the 

chlorination of drinking water.  Chloroform is readily volatile and enters the air directly from factories 

that make or use it and by evaporating from water and soil that contain it.  Chloroform enters water and 

soil when any wastewater containing chlorine is released into the environment and may migrate from soil 

to groundwater due to its low sorption.  Since chloroform is produced naturally and is formed as a 

byproduct of chlorine in water, small amounts are likely to be found almost everywhere.  Chloroform’s 

half-life in the atmosphere is on the order of months and is persistent in aerobic environments; anaerobic 

biodegradation occurs more readily, especially at low chloroform concentrations. 

 

Chloroform levels have been fairly well characterized in ambient and indoor air, food, and drinking water 

supplies.  Detections are generally in the ppb range.  Limited monitoring studies of surface water, 

groundwater, soil, and sediment were located.  The general population is most likely to be exposed to 

chloroform through inhalation of indoor and outdoor air, ingestion of food or disinfected water, or dermal 

contact with disinfected water.  Chloroform contamination of these media most likely results as a 

byproduct of disinfection of water by chlorine.  Chloroform will readily volatize from treated water to 

indoor and outdoor air.  Thus, low levels of chloroform vapor may be breathed in while using treated 

water during bathing or cleaning or during food preparation. 

 

Populations with increased exposure to chloroform are expected to be people who work in industries that 

use or manufacture chloroform, or who work or reside near sources where chloroform may form as a 

disinfection byproduct.  Limited occupational exposure data were available.  Individuals who both work 
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in facilities that manufacture/use chloroform and live nearby (e.g., fence line communities) may have 

increased risk of higher cumulative exposure due to both occupational plus residential exposure.  Other 

populations with increased risk of exposure include people who are around chlorinated water for extended 

periods of time, such as when swimming or cleaning, or are living near hazardous waste sites with 

chloroform contamination. 

 

1.2   SUMMARY OF HEALTH EFFECTS 
 

Information on the noncancer toxicity of chloroform in humans primarily comes from numerous case 

series and case reports following medical use as an anesthetic, intentional exposure (e.g., recreational, 

suicidal, or homicidal purposes), or accidental exposure.  There are a limited number of occupational 

exposure studies informing noncancer toxicity of chloroform.  Additionally, many epidemiological 

studies examine potential toxic effects following exposure to chloroform as a water disinfection 

byproduct.  Further information on the noncancer toxicity of chloroform comes from numerous inhalation 

and oral studies in animals.  Data following dermal exposure are very limited in humans and animals. 

 

As illustrated in Figures 1-1 and 1-2, sensitive targets in laboratory animals following inhalation and/or 

oral exposure include the respiratory, hepatic, renal, and neurological systems, along with the developing 

organism. 

 

A systematic review of these endpoints resulted in the following hazard identification conclusions: 

• Respiratory effects are a presumed health effect for humans following inhalation exposure. 

• Hepatic effects are a known health effect for humans. 

• Renal effects are a presumed health effect for humans. 

• Neurological effects are a known health effect for humans. 

• Developmental effects are a suspected health effect for humans. 
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Figure 1-1.  Health Effects Found in Animals Following Inhalation Exposure to 
Chloroform 
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Figure 1-2.  Health Effects Found in Animals Following Oral Exposure to 
Chloroform 
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Respiratory Effects.  In humans, depression of respiratory rates and/or respiratory arrest have been 

reported in case reports of high-level exposure via inhalation (Jayaweera et al. 2017; Storms 1973; 

Whitaker and Jones 1965); these effects are likely secondary to central nervous system (CNS) depression.  

Lung damage has been reported in several fatal cases of inhalation or oral exposure (Section 2.4).  In 

animals, the nasal epithelium and the underlying nasal bones are consistent targets of toxicity in rodents 

following acute-, intermediate-, and chronic-duration inhalation exposure (Constan et al. 1999; Kasai et 

al. 2002; Larson et al. 1994c, 1996; Mery et al. 1994; Templin et al. 1996b; Yamamoto et al. 2002) and 

acute- and intermediate-duration gavage exposure (Dorman et al. 1997; Larson et al. 1995b; Templin et 

al. 1996a). 

 

Damage to the lower respiratory tract in animals was generally only observed at lethal exposure levels 

(Bowman et al. 1978; Kasai et al. 2002; NCI 1976).  However, there is limited evidence of inflammatory 

responses in the lung at low inhalation exposure levels in mice (de Oliveira et al. 2015). 

 

Hepatic Effects.  There is some evidence of adverse hepatic effects with occupational exposure to 

chloroform, with effects reported in some studies (Bomski et al. 1967; Kang et al. 2014; Lin et al. 2005; 

Phoon et al. 1983) but not others (Callen et al. 1958; Li et al. 1993).  However, the results of occupational 

studies should be interpreted with caution due to study limitations, including poor exposure 

characterization, small subject numbers, and lack of control for confounding factors (e.g., co-exposures).  

Despite limitations, findings reported in some workers are supported by numerous case series and case 

reports, which indicate that the liver is a clear target of toxicity in humans following inhalation exposure 

to high levels of chloroform (Giusti and Chiarotti 1981; Hwang and Kim 2022; Lionte 2010; Royston 

1924; Townsend 1939).  In fatal ingestion cases, acute liver failure and/or severe liver damage have also 

been found at autopsy (Dettling et al. 2016; Piersol et al. 1933).  In numerous nonfatal cases of inhalation 

or ingestion, reversible clinical signs of hepatotoxicity manifest within 1–7 days of exposure 

(Section 2.9). 

 

The liver is also a clear target of toxicity in animals.  Hepatic lesions have been observed following 

acute-, intermediate-, and chronic-duration inhalation and oral exposure in rodents; intermediate- and 

chronic-duration oral exposure in dogs; and in an acute-duration oral exposure in rabbits (Section 2.9).  

Typical lesion progression begins with mild histopathological damage after low and/or brief exposures 

(e.g., lipid accumulation, cellular swelling and vacuolation, scattered necrosis, hepatocellular 

proliferation) and progresses to widespread and severe necrosis and degeneration with high level and/or 
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long-term exposure.  In oral studies, rodents exposed via gavage were more susceptible to hepatotoxicity 

than those exposed via drinking water (Larson et al. 1994b, 1995a). 

 

Renal Effects.  Several case reports indicate that the kidney is a target of chloroform toxicity in humans 

following exposure to high levels via inhalation or oral routes.  Fatal exposures have been associated with 

renal damage (Piersol et al. 1933; Royston 1924), while reversible changes in clinical chemistry and 

urinalysis have been reported in nonfatal cases (Dettling et al. 2016; Gosselink et al. 2012; Piersol et al. 

1933; Schroeder 1965; Sridhar et al. 2011; Wallace 1950).  The kidney is a clear target of toxicity in 

animals.  Renal lesions have been observed following acute-, intermediate-, and chronic-duration 

inhalation and oral exposure in rodents; intermediate- and chronic-duration oral exposure in dogs; and 

acute-duration oral and dermal exposure in rabbits (Section 2.10).  Typical lesion progression begins with 

mild histopathological damage after low and/or brief exposures (e.g., tubular dilation, single-cell necrosis, 

renal cell proliferation) and progresses to severe nephropathy characterized by widespread necrosis and 

degeneration with higher level and/or longer-term exposure.  In oral studies, rodents exposed via gavage 

are more susceptible to renal toxicity than those exposed via drinking water. 

 

Neurological Effects.  Chloroform was previously utilized as a common general anesthetic, so it is a 

known CNS depressant at high exposure levels in both humans and animals (Section 2.15).  There is 

limited evidence for neurological effects at exposure levels below those associated with frank CNS 

depression.  One epidemiological study in humans reported neurobehavioral impairments at low 

occupational exposure levels (2.76–6.04 ppm), including impaired hand-eye coordination, slowed 

reaction time, and memory impairments (Li et al. 1993).  Chloroform-exposed workers also had increased 

subjective complaints, including dizziness, fatigue, somnolence, insomnia, increased dreaming, anorexia, 

depression, and anger (Challen et al. 1958; Li et al. 1993).  In animals, the only reported effects at 

concentrations below those associated with frank CNS depression included impaired operant conditioning 

and paired taste aversion (Balster and Borzelleca 1982; Landauer et al. 1982).  The only histopathological 

change reported in the neurological system is olfactory nerve loss in rats following acute-duration 

inhalation exposure (Larson et al. 1994c; Mery et al. 1994); this finding is likely in response to 

degeneration of the nasal olfactory epithelial tissue observed at the same exposure levels. 

 

Developmental Effects.  Many epidemiological studies evaluated potential associations between 

developmental effects and exposure to disinfection byproducts in chlorinated water (Table 2-18).  Some 

studies reported associations between chloroform exposure from tap water and measures of impaired 

growth, including low birth weight (Grazuleviciene et al. 2011; Wright et al. 2004), intrauterine growth 
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restriction (Kramer et al. 1992), small for gestational age (Summerhayes et al. 2012; Sun et al. 2020; 

Wright et al. 2004), and decreased postnatal weight gain (Botton et al. 2015).  However, no associations 

were noted in several other studies (Bonou  et al. 2017; Cao  et al. 2016; Hinckley et al. 2005; Liu et al. 

2021; Porter et al. 2005; Villanueva et al. 2011).  No clear associations were observed between 

chloroform exposure and birth defects (Dodds and King 2001; Grazuleviciene et al. 2013; Kaufman et al. 

2018, 2020; Zaganjor et al. 2020) or neurodevelopmental outcomes (Villanueva et al. 2018). 

 

There is also inconsistent evidence for fetal malformations or variations in animals following exposure to 

chloroform.  There is limited evidence for missing ribs and acaudate fetuses with imperforate anus in rats 

(Schwetz et al. 1974) and cleft palate in mice (Murray et al. 1979) following maternal inhalation exposure 

during gestation.  These defects were not observed in additional developmental studies in rats exposed via 

inhalation (Baeder and Hofmann 1988; EPA 1978) or rats or rabbits exposed orally (Ruddick et al. 1983; 

Thompson et al. 1974).  Delayed ossification and decreased fetal growth were reported in many 

developmental studies after inhalation or oral exposure, generally only at levels associated with maternal 

toxicity (Section 2.17). 

 

Cancer Effects.  There is limited evidence of associations between chloroform exposure and cancer in 

humans.  One occupational study reported an increased risk of pancreatic cancer in workers with 

“substantial” exposure to chloroform, but no association with a wide variety of other forms of cancer 

(Christensen et al. 2013).  Additional occupational studies found no associations between chloroform 

exposure and several other forms of cancer (Section 2.19).  Some epidemiological studies evaluating the 

potential risk of cancer and exposure to disinfection byproducts in chlorinated water reported associations 

between urinary bladder cancer, colon cancer, rectal cancer, melanoma, breast cancer, and childhood 

acute leukemia and chloroform exposure from tap water (Bove et al. 2007; Doyle et al. 1997; Font-Ribera 

et al. 2018; Gao et al. 2014; Jones et al. 2019).  However, several other epidemiological studies did not 

observe associations with these or other forms of cancer (Section 2.19).  In animals, chronic-duration 

inhalation exposure is associated with renal tumors in mice (Yamamoto et al. 2002) and chronic-duration 

oral exposure is associated with hepatic and renal tumors in rats (Jorgenson et al. 1985; NCI 1976; 

Tumasonis et al. 1985, 1987) and mice (Eschenbrenner and Miller 1945; NCI 1976; Roe et al. 1979). 

 

The U.S. Environmental Protection Agency (EPA) determined that chloroform is likely to be 

carcinogenic to human by all routes of exposure under dose conditions that lead to cytotoxicity and 

regenerative hyperplasia in susceptible tissues; it is not likely to be carcinogenic by any route at dose 

levels that do not cause those effects (IRIS 2001).  The International Agency for Research on Cancer 
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(IARC) determined that chloroform is possibly carcinogenic to humans based on inadequate evidence in 

humans and sufficient evidence in experimental animals (IARC 1999).  The Department of Health and 

Human Services (HHS) determined that chloroform is reasonably anticipated to be a human carcinogen 

based on sufficient evidence of carcinogenicity in experimental animals (NTP 2021). 

 

1.3   MINIMAL RISK LEVELS (MRLs) 
 

The inhalation database was considered adequate for derivation of acute-, intermediate-, and chronic-

duration inhalation MRLs for chloroform.  As illustrated in Figure 1-3, the respiratory, hepatic, and 

neurological systems appear to be the most sensitive targets of chloroform toxicity following inhalation 

exposure.  Immunological and body weight effects also have relatively low lowest-observed-adverse-

effect level (LOAEL) values.  The MRL values are summarized in Table 1-1 and discussed in greater 

detail in Appendix A. 

 

The oral database was considered adequate for derivation of acute-, intermediate-, and chronic-duration 

oral MRLs for chloroform.  As illustrated in Figure 1-4, the hepatic, renal, and developmental systems 

appear to be the most sensitive targets of chloroform toxicity following oral exposure.  The MRL values 

are summarized in Table 1-1 and discussed in greater detail in Appendix A. 

 



CHLOROFORM  9 
 

1.  RELEVANCE TO PUBLIC HEALTH 
 
 

 

Figure 1-3.  Summary of Sensitive Targets of Chloroform – Inhalation 
 

Available data indicate that the respiratory, hepatic, and neurological systems are the most 
sensitive targets of chloroform inhalation exposure. 

Numbers in triangles and circles are the lowest LOAELs (ppm) among health effects 
in humans and animals, respectively. 
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Figure 1-4.  Summary of Sensitive Targets of Chloroform – Oral 
 

Available data indicate that the hepatic, renal, and developmental systems are the most sensitive 
targets of chloroform oral exposure. 

Numbers in circles are the lowest LOAELs for all health effects in animals; no reliable dose response data 
were available for humans. 
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Table 1-1.  Minimal Risk Levels (MRLs) for Chloroforma 
 

Exposure 
route 

Exposure 
duration MRL Critical effect POD type POD value 

Uncertainty/
modifying factor Reference 

Inhalation  Acute 0.001 ppm 
(0.005 mg/m3) 

Nasal lesions NOAELHEC 0.04 ppm 30 Larson et al. 1996; 
Templin et al. 1996b 

Intermediate 0.0008 ppm 
(0.004 mg/m3) 

Nasal lesions LOAELHEC 0.07 ppm 90 Templin et al. 1996b 

Chronic  0.0004 ppm 
(0.002 mg/m3) 

Nasal lesions LOAELHEC 0.11 ppm 300 Yamamoto et al. 2002 

Oral Acute 0.3 mg/kg/day Hepatic lesions NOAEL 26 mg/kg/day 100 Larson et al. 1994b 
Intermediate 0.1 mg/kg/day Increased serum ALT 

(~2-fold) 
NOAELADJ 13 mg/kg/day 100 Heywood et al. 1979 

Chronic 0.02 mg/kg/day Hepatic lesions BMDLADJ 1.84 mg/kg/day 100 Heywood et al. 1979 
 
aSee Appendix A for additional information. 
 
ADJ = adjusted for continuous/daily exposure; ALT = alanine aminotransferase; BMDL = benchmark dose lower confidence limit; HEC = human equivalent 
concentration; LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level 
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CHAPTER 2.  HEALTH EFFECTS 
 

2.1   INTRODUCTION 
 

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and 

other interested individuals and groups with an overall perspective on the toxicology of chloroform.  It 

contains descriptions and evaluations of toxicological studies and epidemiological investigations and 

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.  

When available, mechanisms of action are discussed along with the health effects data; toxicokinetic 

mechanistic data are discussed in Section 3.1. 

 

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile. 

 

To help public health professionals and others address the needs of persons living or working near hazardous 

waste sites, the information in this section is organized by health effect.  These data are discussed in terms of 

route of exposure (inhalation, oral, and dermal) and three exposure periods:  acute (≤14 days), intermediate 

(15–364 days), and chronic (≥365 days). 

 

As discussed in Appendix B, a literature search was conducted to identify relevant studies examining health 

effect endpoints.  Figure 2-1 provides an overview of the database of studies in humans or experimental 

animals included in this chapter of the profile.  These studies evaluate the potential health effects associated 

with inhalation, oral, or dermal exposure to chloroform, but may not be inclusive of the entire body of 

literature.  A systematic review of the scientific evidence of the health effects associated with exposure to 

chloroform was also conducted; the results of this review are presented in Appendix C. 

 

Animal and human inhalation studies are presented in Table 2-1 and Figure 2-2, animal oral studies are 

presented in Table 2-2 and Figure 2-3; and animal dermal studies are presented in Table 2-3. 

 

Levels of significant exposure (LSEs) for each route and duration are presented in tables and illustrated in 

figures.  The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-

observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.  

Effects have been classified into “less serious LOAELs” or “serious LOAELs (SLOAELs).” “Serious” 

effects are those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., 

acute respiratory distress or death).  “Less serious” effects are those that are not expected to cause 
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significant dysfunction or death, or those whose significance to the organism is not entirely clear.  

ATSDR acknowledges that a considerable amount of judgment may be required in establishing whether 

an endpoint should be classified as a NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in 

some cases, there will be insufficient data to decide whether the effect is indicative of significant 

dysfunction.  However, the Agency has established guidelines and policies that are used to classify these 

endpoints.  ATSDR believes that there is sufficient merit in this approach to warrant an attempt at 

distinguishing between “less serious” and “serious” effects.  The distinction between “less serious” effects 

and “serious” effects is considered to be important because it helps the users of the profiles to identify 

levels of exposure at which major health effects start to appear.  LOAELs or NOAELs should also help in 

determining whether or not the effects vary with dose and/or duration, and place into perspective the 

possible significance of these effects to human health.  Levels of exposure associated with cancer (Cancer 

Effect Levels, CELs) of chloroform are indicated in Tables 2-1 and 2-2 and Figures 2-2 and 2-3. 

 

A User's Guide has been provided at the end of this profile (see Appendix or D).  This guide should aid in 

the interpretation of the tables and figures for LSEs and MRLs. 

 

The health effects of chloroform have been evaluated in 86 human and 146 animal studies.  As illustrated 

in Figure 2-1, most of the health effects data come from inhalation and oral exposure studies in animals.  

For the purposes of Figure 2-1, all human studies with exposure to chloroform as a tap water disinfection 

byproduct were classified as oral, despite potential for multi-route exposure (e.g., inhalation and dermal 

via showering and bathing activities).  Similarly, human studies evaluating exposure to chloroform when 

swimming in chlorinated pools are classified as inhalation exposure, despite concurrent dermal exposure, 

because exposure via inhalation is expected to contribute more to body burden.  Lastly, human studies 

that evaluated blood levels of chloroform as a biomarker of exposure but did not have any information 

pertaining to possible exposure sources are not included in Figure 2-1 due to unknown route(s) of 

exposure. 

 

For animal data, inhalation and oral studies are available for all health effect and exposure duration 

categories.  The dermal animal database is limited to two acute-duration studies.  The most examined 

endpoints were body weight, hepatic, and renal effects.  The available human studies include some 

epidemiological data (including occupational and evaluations of chlorinated by products in water), but 

available data are predominantly from case studies and case-series reports.  Human studies were 

predominantly focused on hepatic, cancer, developmental, and neurological effects. 
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As outlined in Chapter 1, the respiratory, hepatic, renal, and neurological systems as well as the 

developing organism appear to be sensitive targets of toxicity following inhalation or oral exposure to 

chloroform.  A systematic review was conducted on the available human and animal inhalation studies for 

these endpoints.  The information in these studies indicate the following on the potential targets of 

chloroform toxicity: 

 

• Respiratory Endpoints.  Respiratory effects are a presumed health effect associated with 
chloroform exposure via inhalation based on inadequate evidence in human epidemiology studies 
and a high level of evidence in animal studies.  In humans, epidemiological data with exposure-
route information are limited to one study reporting a lack of alterations in respiratory function in 
adults after a 40-minute swim in a chlorinated pool.  In case reports, depression of respiratory 
rates and/or respiratory arrest has been reported at high exposure levels; these effects are likely 
secondary to CNS depression.  Lung damage has been reported in fatal cases of inhalation or oral 
exposure.  In animals, the nasal epithelium and underlying nasal bones are consistent targets of 
toxicity in rodents following acute-, intermediate-, and chronic-duration inhalation exposure and 
acute- and intermediate-duration gavage exposure.  Damage to the lower respiratory tract in 
animals was generally only observed at lethal exposure levels. 
 

 

 

• Hepatic Endpoints.  Hepatic effects are a known health effect for humans exposed to chloroform 
based on a low level of evidence from human epidemiology studies, high level of evidence from 
animal studies, and other relevant data consisting of the extensive database of case reports and 
case series documenting hepatic effects of chloroform in exposed humans.  Evidence from 
occupational studies in humans is inconsistent.  However, numerous case series and case reports 
indicate that the liver is a clear target of toxicity in humans following oral and inhalation 
exposure to high levels of chloroform.  In animal studies, hepatic lesions have been observed 
following acute-, intermediate-, and chronic-duration inhalation and oral studies in rodents; 
intermediate- and chronic-duration oral studies in dogs; and an acute-duration oral study in 
rabbits.  Hepatic enzyme changes have also been observed in some studies.  In acute- and 
intermediate-duration oral studies, rodents exposed via gavage are more susceptible to 
hepatotoxicity than those exposed via drinking water. 

• Renal Endpoints.  Renal effects are a presumed health effect associated with chloroform 
exposure via inhalation based on inadequate evidence in human epidemiology studies and a high 
level of evidence in animal studies.  Limited epidemiological data did not report adverse renal 
effects in one occupational cohort or a group of competitive swimmers.  However, several case 
studies reported renal effects in humans associated with exposure to high levels of chloroform via 
inhalation or oral routes.  In animal studies, renal lesions have been observed following acute-, 
intermediate-, and chronic-duration inhalation and oral studies in rodents; intermediate- and 
chronic-duration oral studies in dogs; and acute-duration oral and dermal studies in rabbits.  In 
acute- and intermediate-duration oral studies, rodents exposed via gavage are more susceptible to 
renal toxicity than those exposed via drinking water. 

• Neurological Endpoints.  Neurological effects are a known health effect associated with 
chloroform exposure based on a low level of evidence in human epidemiology studies, high level 
of evidence in animal studies, and other relevant data including chloroform’s historical use as a 
general anesthetic, case reports and case series documenting marked neurological effects of 
chloroform in exposed humans, and a plausible mechanism of action.  Chloroform was previously 
a common general anesthetic, so it is a known CNS depressant at high exposure levels in both 
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humans and animals.  There is limited evidence for neurological effects at exposure levels below 
those associated with frank CNS depression.  One epidemiological study in humans reported 
neurobehavioral impairments at low occupational exposure levels, and a limited number of 
animal studies reported alterations in neurobehavioral testing following acute-duration oral 
exposure.  The only histopathological change reported in the neurological system is olfactory 
nerve loss in rats following acute-duration inhalation exposure; this finding is likely in response 
to degeneration of the nasal olfactory epithelial tissue observed at the same exposure levels. 
 

• Developmental Endpoints.  Developmental effects are a suspected health effect for humans 
based on inadequate evidence in human epidemiology studies and a moderate level of evidence in 
animal studies.  Epidemiological studies evaluating developmental effects associated with 
exposure to disinfection byproducts in chlorinated water, including chloroform, provide 
inconsistent evidence of adverse pregnancy outcomes (low birth weight, intrauterine growth 
restriction, small for gestational age).  There is also inconsistent evidence for fetal malformations 
or variations in animals following inhalation or oral exposure.  Decreased fetal growth was 
reported in many developmental studies at inhalation or oral exposure levels associated with 
maternal toxicity (e.g., decreased maternal body weight gain). 
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Figure 2-1.  Overview of the Number of Studies Examining Chloroform Health Effects* 
 

Most studies examined the potential hepatic, body weight, and renal effects of chloroform 
Fewer studies evaluated health effects in humans than animals (counts represent studies examining endpoint) 
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*Includes studies discussed in Chapter 2.  A total of 258 studies (including those finding no effect) have examined toxicity; most studies examined multiple 
endpoints.  Human studies with multi-route exposure were included only once in the figure; the studies were classified based on the most predominant route of 
exposure (e.g., tap water exposure classified as oral, despite potential for inhalation or dermal exposure via showering/bathing).  Human studies with unknown 
route(s) of exposure (i.e., exposure assessed via biomarker) are not included in this figure or the study count reported above. 
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Table 2-1.  Levels of Significant Exposure to Chloroform – Inhalation 
(ppm) 

 

Figure 
keya 

Species 
(strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

ACUTE EXPOSURE 
Baeder and Hofmann 1988  
1 Rat (Wistar) 

20 F 
10 days 
GDs 7–16 
7 hours/day 
(WB) 

0, 32, 119, 
311 

LE, CS, BW, 
FI, OW, NX, 
RX, DX 

Bd wt  32 119 LOAEL: 18% decrease in maternal 
body weight gain 
SLOAEL: 24% decrease in 
maternal body weight gain 

 Hepatic 311    
 Renal 311    
 Immuno 311    
   Repro 119  311 Increased incidence of full litter 

resorption 
   Develop 119 311  6% decrease in live fetus weight; 

4% decrease in live fetus crown-
rump length 

DHA 2022  
2 Rat 

(Sprague-
Dawley) 
24 M 

30 minutes 
(WB) 

0, 401, 
3,206, 6,411 

BI, NX Neuro 401 3,206  Increased overall distance travelled 
in an open field, decreased rearing, 
impaired motor coordination 

EPA 1978 
3 Rat 

(Sprague- 
Dawley) 
9–10 F 

8 days 
GDs 7–14 
1 hour/day 
(WB) 
 

0, 942, 
2,233, 4,117 

LE, BW, FI, 
GN, RX, DX 

Bd wt 2,233  4,117 25% decrease in maternal body 
weight  

   Neuro 942  2,233 Narcosis 
   Repro 2,233  4,117 Increased resorptions 
   Develop 2,233 4,117  8% decrease in fetal body weight 
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Table 2-1.  Levels of Significant Exposure to Chloroform – Inhalation 
(ppm) 

 

Figure 
keya 

Species 
(strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

Kasai et al. 2002  
4 Rat 

(Fischer- 
344) 10 M, 
10 F 

2 weeks 
5 days/week 
6 hours/day 
(WB) 

0, 500, 
1,000, 2,000, 
4,000, 8,000 

LE, HP Death   2,000 100% mortality  
  Resp  500  Desquamation and atrophy of 

olfactory epithelium; edema of the 
lamina propria  

  Hepatic  500  Hepatic vacuolation (central area)  
  Renal  500  Vacuolation in the proximal tubules  
Larson et al. 1994c; Mery et al. 1994  
5 Rat 

(Fischer- 
344) 5 M 

7 days 
6 hours/day 
(WB) 
 

0, 1.5, 3.1, 
10.4, 29.3, 
100, 271 

CS, BW, 
GN, OW, HP 

Bd wt 100  271 20% decrease in body weight gain 
Resp 3.1 10.4  Goblet cell hyperplasia in nasal 

respiratory epithelium, olfactory 
gland degeneration in lamina 
propria; nasal periosteal cell 
proliferation and new bone 
formation  

   Hepatic 29.3 100  Hepatocellular proliferation  
   Renal 10.4 29.3  Focal epithelial proliferation in the 

renal cortex  
   Neuro 3.1  10.4 Olfactory neuron loss 
Lundberg et al. 1986  
6 Rat 

(Sprague- 
Dawley) 
10 F 

4 hours 
(WB) 
 

Not reported LE Death   9,770.6 LC50 

Schwetz et al. 1974  
7 Rat 

(Sprague- 
Dawley) 
3–68 F 

10 days 
GDs 6–15 
7 hours/day 
(WB) 
 

0, 30, 95, 
291 

CS, BW, FI, 
BC, OW, 
RX, DX 

Bd wt  30 291 LOAEL: 10% decrease in maternal 
body weight on GD 13 
SLOAEL: 38% decrease in 
maternal body weight on GDs 13 
and 21 

     Repro 95  291 Increased resorptions, decreased 
number of live fetuses/litter 
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Table 2-1.  Levels of Significant Exposure to Chloroform – Inhalation 
(ppm) 

 

Figure 
keya 

Species 
(strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

     Develop  30 95 LOAEL: Delayed ossification and 
wavy ribs 
SLOAEL: Missing ribs; acaudate 
fetuses with imperforate anus 

Smyth et al. 1962 
8 Rat (Albino) 

6 B 
4 hours 
(NS) 

8,000 LE Death   8,000 86% mortality 

Templin et al. 1996b  
9 Rat 

(Fischer- 
344) 5 M 

4 days 
6 hours/day 
(WB) 

0, 2, 10, 30, 
90, 300 

CS, BW, 
GN, HP 

Bd wt 90 300  17% decrease in body weight gain 
 Resp 2b 10  Loss of olfactory glands, periosteal 

hypercellularity and proliferation, 
mineralization of the basal lamina, 
new nasal bone growth 

     Hepatic 90 300  Hepatocellular proliferation 
     Renal 90 300  Minimal vacuolation of proximal 

convoluted tubule 
Aranyi et al. 1986 
10 Mouse 

(CD-1) 
140 F 

3 hours 
(WB) 

0, 10.6 LE, IX Immuno 10.6    

Aranyi et al. 1986 
11 Mouse 

(CD-1) 
112 F 

5 days 
3 hours/day 
(WB) 

0, 10.6 LE, IX Immuno  10.6  Increased susceptibility to 
succumb to infection 

Ban et al. 2006  
12 Mouse 

(BALB/c) 
12 F 

4 days 
6 hours/day 
(WB) 

0, 20 IX Immuno 20    
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Figure 2-2.  Levels of Significant Exposure to Chloroform – Inhalation 
Chronic (≥365 days) 
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Table 2-2.  Levels of Significant Exposure to Chloroform – Oral 
(mg/kg/day) 

 

Figure 
keya 

Species 
(strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

ACUTE EXPOSURE 
Chu et al. 1982b  
1 Rat 

(Sprague- 
Dawley) 
10 M, 10 F 

Once 
(GO) 

0, 546, 765, 
1,071, 1,500, 
2,100 

LE, CS, BW, 
FI, WI, HE, 
BC, BI, GN, 
OW, HP 

Death   1,117 F 
908 M 

LD50 

  Bd wt 1,071 M 
1,500 F 

   

  Hemato  546  Mild reduction in hematocrit and 
RBC count in males and 
hemoglobin in both sexes 

  Hepatic 765 M 
1,071 F 

1,071 M 
1,500 F 

 Increased serum cholesterol  

  Renal 1,071 M    
    546 F  Increased relative kidney weight 
Ito et al. 2000  
2 Rat 

(Sprague- 
Dawley) 
12–18 M 

Once 
(GO) 

0, 220 HP Hepatic  220  Increased leukocyte adherence to 
sinusoidal wall, hepatocyte 
swelling, reduced perfusion of 
sinusoids and increased 
phagocytosis activity of Kupffer 
cells  

Keegan et al. 1998  
3 Rat 

(Fischer- 
344) 
6–18 M 

Once 
(GW) 

0, 15, 22, 30, 
60, 90, 119, 
179 

BW, BC, OW Bd wt 179    
  Hepatic 30 60  Increased serum ALT and SDH  
  Renal 179    

Kimura et al. 1971  
4 Rat 

(Sprague- 
Dawley) 
6–12 M 

Once 
(G) 

Not reported LE, CS Death   445 LD50 in 14-day-old rats (5–8 g) 
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Table 2-2.  Levels of Significant Exposure to Chloroform – Oral 
(mg/kg/day) 

 

Figure 
keya 

Species 
(strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

Kimura et al. 1971  
5 Rat 

(Sprague- 
Dawley) 
6 M 

Once 
(G) 

Not reported LE, CS Death   1,336 LD50 in young adult rats (80–160 g) 

Kimura et al. 1971  
6 Rat 

(Sprague- 
Dawley) 
6 M 

Once 
(G) 

Not reported LE, CS Death   1,187 LD50 in adult rats (300–470 g) 

Larson et al. 1993  
7 Rat 

(Fischer- 
344) 
2–5 M 

Once 
(GO) 

0, 34, 180, 
477 

CS, BW, BC, 
UR, GN, 
OW, HP 

Bd wt 477    
 Hepatic 180 477  Mild hepatocyte necrosis, 

hepatocellular proliferation, 
elevated serum ALT, AST, and 
SDH 

 Renal  34 180 LOAEL: Scattered necrosis of the 
renal proximal tubule 
SLOAEL: Severe renal proximal 
tubule necrosis; renal cell 
proliferation 

Larson et al. 1995a  
8 Rat 

(Fischer- 
344) 
12 M 

4 days 
(GO) 

0, 3, 10, 34, 
90, 180 

BW, WI, HE, 
BC, GN, 
OW, HP 

Bd wt 180    
 Hepatic 10 34  Increased relative liver weight  
 Renal 10 34 180 LOAEL: Mild-to-moderate 

degeneration of renal proximal 
tubules and tubule epithelial cell 
proliferation 
SLOAEL: Progressive 
degeneration of renal proximal 
tubules 
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Table 2-2.  Levels of Significant Exposure to Chloroform – Oral 
(mg/kg/day) 

 

Figure 
keya 

Species 
(strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

Larson et al. 1995a  
9 Rat 

(Fischer- 
344) 
12 M 

4 days 
(W) 

0, 6.6, 19.3, 
33.2, 57.5, 
68.1 

BW, WI, HE, 
BC, GN, 
OW, HP 

Bd wt 33.2 57.5  17% decrease in body weight gain 
 Hepatic 68.1    

    Renal 68.1    
Larson et al. 1995b  
10 Rat 

(Fischer- 
344) 
5 F 

4 days 
(GO) 

0, 34, 100, 
200, 400 

CS, BW, 
OW, HP 

Bd wt 200 400  18% decrease in body weight gain 
 Resp  34  Degeneration of the olfactory 

epithelium and olfactory glands of 
lamina propria; periosteal 
hypercellularity; new nasal bone 
formation 

 Hepatic 34 100  Slight hepatocyte vacuolation and 
hepatocellular proliferation  

 Renal 100  200 Necrosis, degeneration, and 
regeneration of proximal tubule 
epithelium; proliferation of proximal 
tubule epithelial cells in renal 
cortex 

Lilly et al. 1997  
11 Rat 

(Fischer- 
344) 
10 M 

Once 
(G) 

0, 89.5, 
119.4, 179.1, 
238.8, 358.2 

BW, BC, UR, 
OW 

Bd wt 238.8 358.2  11% decrease in terminal body 
weight  

 Hepatic  89.5  Increased serum SDH  
 Renal 119.4 179.1  Increased urinary LDH and AST  
Miyagawa et al. 1998  
12 Rat 

(Fischer- 
344) 
9 M 

Once 
(GO) 

0, 50, 150, 
500 

BC, UR, HP Hepatic 150 500  Centrilobular vacuolation, 
hepatocellular hypertrophy and 
proliferation; increased plasma 
AST 
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Table 2-2.  Levels of Significant Exposure to Chloroform – Oral 
(mg/kg/day) 

 

Figure 
keya 

Species 
(strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

  Renal  50 500 LOAEL: Increased urinary NAG 
and LDH 
SLOAEL: Vacuolation and necrosis 
of tubular epithelial cells; cell 
proliferation in inner renal cortex; 
increased BUN  

Müller et al. 1997  
13 Rat (Wistar) 

16 M 
Once 
(GO) 

0, 149 CS, OF Cardio  149  Decreased heart rate, increased 
blood pressure, and altered cardiac 
functional parameters 

Potter et al. 1996  
14 Rat 

(Fischer- 
344) 
12 M 

7 days 
(G) 

0, 90, 179 BW, BC, 
OW, GN, HP 

Bd wt 179    
  Renal 179    
  Repro 90 179  Decreased serum testosterone 

Ruddick et al. 1983  
15 Rat 

(Sprague- 
Dawley) 
15 F 

10 days 
GD 6–15  
(GO) 

0, 100, 200, 
400 

LE, BW, HE, 
BC, BI, GN, 
HP, DX 

Bd wt   100 30% decrease in maternal body 
weight gain 

 Hemato  100  Decreased hemoglobin and 
hematocrit 

     Develop 200  400 19% decrease in fetal body weight; 
delayed ossification 

Smyth et al. 1962  
16 Rat (Wistar) 

5 F 
Once 
(G) 

Not reported LE Death   2,180 LD50 

Templin et al. 1996a  
17 Rat 

(Fischer- 
344) 
5 M 

Once 
(GO) 

0, 10, 34, 90, 
180, 477 

CS, BW, 
OW, GN, HP 

Bd wt 477    
 Resp 34 90  Vacuolation, edema, and loss of 

olfactory glands in the lamina 
propria; periosteal cell proliferation 
of nasal bones 

 Hepatic 180 477  Mild hepatocellular vacuolation, 
hepatocellular proliferation  
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Figure 2-3.  Levels of Significant Exposure to Chloroform – Oral 
Chronic (≥365 days) 
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Figure 2-3.  Levels of Significant Exposure to Chloroform – Oral 
Chronic (≥365 days) 
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Figure 2-3.  Levels of Significant Exposure to Chloroform – Oral 
Chronic (≥365 days) 
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Table 2-3.  Levels of Significant Exposure to Chloroform – Dermal 
 

Species (strain) 
No./group 

Exposure 
parameters Doses  

Parameters 
monitored Endpoint NOAEL  

Less 
serious 
LOAEL  

Serious 
LOAEL  Effects 

ACUTE EXPOSURE 
Smyth et al. 1962  
Rabbit 
(New Zealand) 
5 M 

24 hours 
 

5 mg/kg CS Dermal  5 mg/kg  Slight skin irritation 

Torkelson et al. 1976  
Rabbit (NS) 
2 NS 

24 hours 
 

1,000, 2,000, 
3,980 mg/kg 

LE, CS, BW, 
GN, HP 

Bd wt  1,000 mg/kg  Unspecified weight loss 

     Hepatic 3,980 mg/kg    
     Renal  1,000 mg/kg  Degenerative tubular 

changes 
     Dermal   1,000 mg/kg Extensive necrosis 
 
Bd wt or BW = body weight; CS = clinical signs; GN = gross necropsy; HP = histopathology; LE = lethality; LOAEL = lowest-observed-adverse-effect level; 
NOAEL = no-observed-adverse-effect level; NS = not specified 
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2.2   DEATH 
 

Data from human and animal studies indicate that exposure to high levels of chloroform can be lethal via 

inhalation or oral exposure. 

 

Most information on the exposure levels of chloroform leading to death in humans was obtained from 

clinical reports of patients exposed to chloroform as a method of anesthesia.  It should be noted that when 

examining the ability of chloroform to cause death, these clinical reports need to be interpreted with 

caution because many of these patients had pre-existing health conditions that may have contributed to 

the cause of death.  Therefore, chloroform toxicity may not have been the only factor involved in the 

death of the patient.  Older clinical case reports suggest that concentrations of approximately 40,000 ppm, 

if continued for several minutes, could lead to death due to severe respiratory depression/failure or 

disturbances in cardiac rhythm (Featherstone 1947).  Several cases were reported of death in women after 

childbirth when chloroform anesthesia had been used; however, actual exposure levels were not reported 

(Royston 1924; Townsend 1939).  Death was attributed to acute hepatotoxicity.  It should be noted that 

prolonged labor with starvation, dehydration, and exhaustion may have contributed to the chloroform-

induced hepatotoxicity.  No indication of increased mortality was found in a large case-review of 

1,502 patients, ranging in age from 1 to 80 years, exposed to <22,500 ppm as anesthesia during surgery 

(Whitaker and Jones 1965).  In most patients, the anesthesia did not last longer than 30 minutes; however, 

a few received chloroform for more than 2 hours. 

 

There are numerous fatal human cases of forced or intentional inhalation of high concentrations of 

chloroform in non-clinical settings.  While external exposure levels are unknown in these fatal cases, 

blood chloroform levels of 5–280 mg/L have been reported in suicides (Ago et al. 2011; Giusti and 

Chiarotti 1981), homicides (Ago et al. 2011; Farrow 1984; Flanagan and Pounder 2010; Kim et al. 1996; 

Risse et al. 2001; Vendura et al. 1996), and accidental deaths (Allan et al. 1988; Byard et al. 2000; Harada 

et al. 1997; Singer and Jones 2006).  The cause(s) of death in these cases include acute heart failure, 

hypoxia/asphyxiation, and/or respiratory failure.  In cases of forceable inhalation, hypoxia may have been 

due to both chloroform exposure as well as suffocation by a soaked cloth or rag pressed over the nose and 

mouth.  Acute liver failure and rhabdomyolysis were the causes of death in a woman who repeatedly 

inhaled an unknown level of chloroform and abused alcohol over a 6-day period (Lionte 2010). 

 

Death has also occurred in humans following accidental or intentional ingestion of chloroform (Kohr 

1990; Piersol et al. 1933; Schroeder 1965).  Fatal doses have been reported to be as low as 10 mL 
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studies, adverse hepatic effects were inconsistently observed, and limited to centrilobular hepatocyte 

eosinophilic cytoplasm in mice exposed to ≥53.5 mg/kg/day for 4 days and elevated relative liver weight 

in mice exposed to 82.5 mg/kg/day for 3 weeks (Larson et al. 1994b).  The clear difference in 

susceptibility between gavage and drinking water studies is likely due to saturation of metabolic 

detoxification pathways with bolus administration (see Mechanisms of Hepatotoxicity below).  

Additionally, a slower dosing of chloroform over time via drinking water may allow for adaptive 

mechanisms to begin.  In support, hepatotoxicity in female mice associated with a 3-day gavage exposure 

to 263 mg/kg/day was attenuated if mice were exposed to chloroform at doses up to 520 mg/kg/day in 

drinking water for 3 weeks prior to gavage exposure (Pereira and Grothaus 1997). 

 

Findings from numerous additional studies report hepatotoxicity in rodents following gavage exposure, 

while the majority of drinking water studies do not observe adverse hepatic effects.  In gavage studies, 

dose- and duration-related increases in histopathological damage in the liver have been consistently 

observed in rats and mice following acute- and intermediate-duration exposure.  Similar to inhalation 

exposure, mice generally appear more susceptible to hepatotoxicity compared to rats.  Findings in both 

species range from mild histopathological damage after lower level, shorter duration exposures (e.g., lipid 

accumulation, cellular swelling and vacuolation, scattered necrosis, hepatocellular proliferation) to 

widespread and severe necrosis and degeneration with higher level and/or longer duration exposures 

(Tables 2-7 and 2-8 for rats and mice, respectively). 

 

In mice and rats, the lowest identified LOAELs for hepatic lesions following acute- or intermediate-

duration gavage exposure were 34 and 90–100 mg/kg/day, respectively (Larson et al. 1994a, 1994b, 

1995a, 1995b).  Review of these data suggest some differences in strain susceptibility, with decreased 

sensitivity in Osborne-Mendel rats and BALB/c mice, compared to other rat and mouse strains.  In 

chronic-duration gavage studies in ICI mice, one study reported no adverse hepatic effects at gavage 

doses up to 60 mg/kg/day for 80 weeks (Roe et al. 1979), while NCI (1976) reported nodular hyperplasia 

at all tested doses (≥138 mg/kg/day in males and ≥238 mg/kg/day in females) in B6C3F1 mice.  The 

inconsistency in the mouse chronic-duration studies may be due to strain differences; no other identified 

study evaluated ICI mice.  In rats, chronic-duration gavage exposure to 200 mg/kg/day was associated 

with necrosis of the hepatic parenchyma in female Osborne-Mendel rats, but not in males at doses up to 

180 mg/kg/day (NCI 1976).  As discussed above, review of acute- and intermediate-duration studies 

(Table 2-7) show that Osborne-Mendel rats appear to be less sensitive than Fischer 433 rats, which were 

more commonly assessed in shorter-duration studies. 
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Table 2-7.  Non-Neoplastic Hepatic Lesions in Rats Following Gavage Exposure 
to Chloroform 

 
Strain; 
duration 

Dose 
(mg/kg/day) Histology Lesion details Reference  

Acute-duration 
Fischer 344 or 
Osborne-Mendel; 
4 days 

≤34 ↔  Larson et al. 1993, 
1995a, 1995b 

Fischer 344; 4 days 90–100 ↑ Hepatocellular proliferation, 
slight hepatocyte vacuolation, 
swollen hepatocytes, individual 
cell necrosis 

Larson et al. 1995a, 
1995b 

Fischer 344; 
1 day 

≤180 ↔  Larson et al. 1993; 
Miyagawa et al. 1998; 

Fischer 344; 4 days 180 ↑ Hepatocellular proliferation, 
swollen hepatocytes, individual 
cell necrosis, thickening of 
centrilobular hepatic cords 

Larson et al. 1995a 

Fischer 344; 
21 days 

200 ↑ Slight hepatocyte vacuolation 
and hepatocellular proliferation 

Larson et al. 1995b 

Sprague-Dawley; 
1 day 

220 ↑ Increased leukocyte adherence 
to sinusoidal wall, hepatocyte 
swelling, reduced perfusion of 
sinusoids and increased 
phagocytosis activity of Kupffer 
cells 

Ito et al. 2000 

Sprague-Dawley; 
3 days 

≥250 ↑ Centrilobular hepatocellular 
enlargement, necrosis, and 
vacuolation; centrilobular 
inflammatory cell infiltration  

Wada et al. 2015 

Fischer 344; 4 days 400 ↑ Mild-to-severe centrilobular 
hepatocyte degeneration and 
necrosis, diffuse centrilobular 
swelling 

Larson et al. 1995b 

Osborne-Mendel; 
1 day 

≤477 ↔  Templin et al. 1996a 

Fischer 344; 1 day 477–500 ↑ Mild hepatocyte necrosis, 
vacuolation, hypertrophy, and 
proliferation  

Larson et al. 1993; 
Templin et al. 1996a; 
Miyagawa et al. 1998 

Sprague-Dawley; 
10 days 

516 ↑ Acute toxic hepatitis Thompson et al. 1974 

Intermediate-duration 
Fischer 344; 
3 weeks 

≤90 ↔  Larson et al. 1995a, 
1995b 

Fischer 344; 
3 weeks 

100–200 
 

↑ Hepatocellular proliferation Larson et al. 1995a, 
1995b 
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Table 2-7.  Non-Neoplastic Hepatic Lesions in Rats Following Gavage Exposure 
to Chloroform 

 
Strain; 
duration 

Dose 
(mg/kg/day) Histology Lesion details Reference  

Fischer 344; 
3 weeks 

400 ↑ Slight-to-mild diffuse vacuolar 
change, centrilobular 
degeneration, hepatocellular 
proliferation 

Larson et al. 1995b 

Chronic-duration 
Osborne-Mendel rat; 
78 weeks 

≤180 ↔  NCI 1976 

Osborne-Mendel rat; 
78 weeks 

200 
 

↑ Necrosis of hepatic parenchyma NCI 1976 

 
↑ = increase in histopathological lesions; ↔ = no change 
 

Table 2-8.  Non-Neoplastic Hepatic Lesions in Mice Following Gavage Exposure 
to Chloroform 

 
Species; 
duration 

Dose 
(mg/kg/day) Histology Lesion details Reference  

Acute-duration 
B6C3F1; 
1 or 4 days 

≤34 ↔  Larson et al. 1993, 
1994b 

B6C3F1; 4 days 34 ↑ Hepatocellular proliferation and 
mild hepatocellular swelling and 
vacuolation 

Larson et al. 1994d 

B6C3F1; 21 days 34 ↑ Mild vacuolation of hepatocytes Larson et al. 1994b 
Swiss; 1 day 35 ↑ Midzonal fatty changes Jones et al. 1958 
B6C3F1; 4 days 90–138 ↑ Vacuolation and swelling of 

hepatocytes; hepatocellular 
proliferation and scattered 
degeneration 

Larson et al. 1994b, 
1994d 

Swiss; 1 day ≤199 ↔  Moore et al. 1982 
B6C3F1; 1 day 238 ↑ Small, randomly scattered foci of 

hepatocyte necrosis 
Larson et al. 1993 

B6C3F1; 4 days 238–277 ↑ Moderate centrilobular vacuolar 
degeneration; scattered 
necrosis; hepatocellular 
proliferation 

Larson et al. 1994b, 
1994d 

Swiss; 1 day 273 ↑ Hepatocellular proliferation Moore et al. 1982 
BALB/c; 1 day ≤300 ↔  Ewaid et al. 2020 
Swiss; 1 day 350 ↑ Severe centrilobular necrosis Jones et al. 1958 
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did not act as a tumor initiator in Sprague-Dawley rats subsequently exposed to phenobarbital in drinking 

water for 11 weeks (Herren-Freund and Pereira 1987). 

 

IARC (1999) determined that chloroform is possibly carcinogenic to humans based on sufficient evidence 

in experimental animals and inadequate evidence in humans.  EPA (IRIS 2001) determined that 

chloroform is likely to be carcinogenic to humans by all routes of exposure under high-exposure 

conditions that lead to cytotoxicity and regenerative hyperplasia in susceptible tissues; it is not likely to 

be carcinogenic to humans by any route of exposure at dose levels that do not cause cytotoxicity and cell 

regeneration (see IRIS 2001 for further information).  This weight-of-evidence determination is based on 

findings in animal studies.  HHS (NTP 2016) determined that chloroform is reasonably anticipated to be a 

human carcinogen based on sufficient evidence from animal studies. 

 

Mechanisms of Carcinogenicity.  The mode of action for chloroform carcinogenicity has been 

extensively reviewed (Borgert et al. 2015; Boobis 2009; de Castro Medeiros et al. 2019; IARC 1999; 

IRIS 2001; Meek et al. 2002, 2003).  The consensus from the scientific community is that the cancer 

mode of action for chloroform is cytotoxicity followed by regenerative hyperplasia.  Cytotoxicity is 

attributed to tissue-reactive metabolites (e.g., phosgene) formed during metabolism of chloroform via the 

CYP2E1 pathway.  This pathway predominates at low exposure levels, and target tissues that form tumors 

(liver, kidney) that are capable of metabolizing chloroform via this pathway.  This repeated cytotoxicity, 

followed by cell proliferation, increases the risk of spontaneous DNA mutation and subsequent tumor 

formation.  In support, numerous rodent studies showed cell proliferation in the liver and kidney 

following inhalation or oral exposures (Sections 2.9 and 2.10).  This proposed pathway is more plausible 

than a direct mutagenic mode of action via DNA reactivity based on evidence that chloroform is not a 

strong mutagen or DNA binding agent (Section 2.20).  Additionally, growth stimulation in the absence of 

cytotoxicity (as opposed to regenerative proliferation) is an unlikely mode of action due to lack of 

evidence for direct hyperplasia, apoptosis inhibition, or receptor activation (Boobis 2009). 

 

IRIS (2001) and Boobis (2009) presented the following key events in the cancer mode of action for 

chloroform: 

 

1. Oxidative metabolism of chloroform to the reactive metabolite phosgene by CYP2E1 in target 
tissue (liver, kidney). 
 

 
2. Repeated/sustained cytotoxicity in hepatocytes and/or renal proximal tubule epithelial cells. 

3. Regenerative cell proliferation in the liver and kidney. 
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4. Development of liver and kidney tumors due to increase in spontaneous cell mutation (due to 

increased cell division) and/or clonal expansion of cells initiated during the regenerative cell 
process. 

 

This proposed mode of action is consistent with a nonlinear carcinogenic dose-response (Borgert et al. 

2015; IRIS 2001; Meek et al. 2002, 2003). 

 

2.20   GENOTOXICITY 
 

The majority of the available data indicates that chloroform has a low genotoxic potential.  A few studies 

indicate that chloroform may be a weak mutagen and DNA damaging agent at relatively high 

concentrations.  Additionally, there is limited evidence that chloroform may cause clastogenic and 

epigenetic changes in mammalian cells.  In vitro and in vivo studies of the genotoxic effects of chloroform 

are summarized in Tables 2-20 and 2-21, respectively. 

 

Table 2-20.  Genotoxicity of Chloroform In Vitro 
 

Species (test system) Endpoint 

Results 

Reference 
Activation 

With Without 
Prokaryotic organisms     
Salmonella typhimurium TA98, 
TA100, TA1535, TA1537 

Reverse mutation – – Araki et al. 2004 

S. typhimurium TA98, TA100, 
TA1535 

Reverse mutation – – Gocke et al. 1981 

S. typhimurium TA98, TA100, 
RSJ100 

Reverse mutation – – Kargalioglu et al. 
2002 

S. typhimurium TA98 and TA100 Reverse mutation + + Khallef et al. 2018 
S. typhimurium TA100 Reverse mutation – – Kundu et al. 2004 
S. typhimurium TA100 Reverse mutation – – Le Curieux et al. 

1995 
S. typhimurium TA1535 (+GST)a Reverse mutation Not tested (+) Pegram et al. 1997 
S. typhimurium TA1535  Reverse mutation Not tested – Pegram et al. 1997 
S. typhimurium TA98, TA100, 
TA1535, TA1537 

Reverse mutation – – Simmon et al. 1977 

S. typhimurium TA1535, TA1538 Reverse mutation – – Uehleke et al. 1977 
S. typhimurium TA98, TA100, 
TA1535, TA1537, TA1538 

Reverse mutation – – Van Abbé et al. 
1982 

S. typhimurium TA98, TA1535, 
TA1537 

Reverse mutation – (+) Varma et al. 1988 

S. typhimurium TA100 Reverse mutation (+) (+) Varma et al. 1988 
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Table 2-20.  Genotoxicity of Chloroform In Vitro 
 

Species (test system) Endpoint 

Results 

Reference 
Activation 

With Without 
S. typhimurium TA97, TA98, 
TA100, TA102 

Reverse mutation + 
(TA98, 
TA100) 

– 
(TA97, 
TA102) 

+ 
(TA97, 
TA100, 
TA102) 

– 
(TA98) 

Zhang et al. 2021 

S. typhimurium TA100, TA1535, 
TA97, TA98 

Reverse mutation – –  NTP 2018b 

Escherichia coli 
WP2uvrA/pKM101  

Reverse mutation – –  Araki et al. 2004 

E. coli WP2/pKM1010 Reverse mutation – – Araki et al. 2004 
E. coli WP2/pKM1010 (+GSH)b Reverse mutation Not tested + Araki et al. 2004 
E. coli WP2P and WP2uvrA-p Reverse mutation – – Kirkland et al. 1981 
E. coli PQ37 DNA damage – – Le Curieux et al. 

1995 
Non-mammalian eukaryotic cells 
Saccharomyces cerevisiae Reverse mutation – (+) De Serres et al. 

1981 
S. cerevisiae Recombination Not tested + Brennan and 

Schiestl 1998 
Schizosaccharomyces pombe Recombination (+) – Callen et al. 1980 
Aspergillus nidulans Aneuploidia Not tested + Crebelli et al. 1988, 

1995 
Mammalian cells 
L5178Y mouse lymphoma cells Forward mutation + – Mitchell et al. 1988 
L5178Y mouse lymphoma cells Forward mutation + – Myhr and Caspary 

1988 
Chinese hamster lung fibroblasts Mutation at 

8-azaquinone 
Not tested – Sturrock 1977 

Primary human lymphocytes Chromosome 
aberrations 

– – Kirkland et al. 1981 

Chinese hamster ovary cells Chromosome 
aberration 

(+) – NTP 1988b 

Primary human lymphocytes Sister chromatid 
exchange 

Not tested + Morimoto and 
Koizumi 1983 

Primary human lymphocytes Sister chromatid 
exchange 

– – Kirkland et al. 1981 

Chinese hamster ovary cells Sister chromatid 
exchange 

– Not tested White et al. 1979 

Chinese hamster ovary cells Sister chromatid 
exchange 

– – NTP 1988c 
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Table 2-20.  Genotoxicity of Chloroform In Vitro 
 

Species (test system) Endpoint 

Results 

Reference 
Activation 

With Without 
Human lymphoblastic leukemia 
cells  

DNA damage Not tested – Geter et al. 2004a 

Primary human airway epithelial 
cells 

DNA damage Not tested (+) Landi et al. 2003 

Human-derived hepatoma line 
(HepG2 cells) 

DNA damage Not tested (+) Zhang et al. 2012 

Rat hepatocytes DNA damage Not tested – Geter et al. 2004a 
Primary human lymphocytes Unscheduled DNA 

synthesis 
– – Perocco and Prodi 

1981 
Primary rat hepatocytes Unscheduled DNA 

synthesis 
Not tested – Larson et al. 1994a 

 
aCells transfected with rat theta-class glutathione S-transferase T1 (GST1). 
bTested with GSH supplemented S9 mix. 

 
+ = positive results; (+) = weakly positive results; – = negative results; DNA = deoxyribonucleic acid; 
GSH = glutathione; GST = glutathione S-transferase 
 

Table 2-21.  Genotoxicity of Chloroform In Vivo 
 

Species (exposure route) Endpoint Results Reference 
Mammals 
Mouse (inhalation) Gene mutation (hepatocytes) – Butterworth et al. 1998 
Mouse (gavage) Sister chromatid exchange in 

bone marrow 
+ Morimoto and Koizumi 1983 

Rat (gavage) Micronuclei in renal cells + Robbiano et al. 1998 
Rat (GW, W) DNA damage (duodenum, 

liver, kidney) 
– Geter et al. 2004a 

Rat (GO) DNA damage (glandular 
stomach, liver) 

– Wada et al. 2015 

Rat (GO) Unscheduled DNA synthesis 
(kidney) 

+ Lipsky et al. 1993 

Rat (GW) Unscheduled DNA synthesis 
(kidney) 

– Lipsky et al. 1993 

Rat (GO) Unscheduled DNA synthesis 
(hepatocytes) 

– Mirsalis et al. 1982 

Mouse (GO) Unscheduled DNA synthesis 
(hepatocytes) 

– Larson et al. 1994a 

Mouse (IP) Micronuclei in bone marrow + NTP 2018a 
Mouse (IP) Chromosome aberrations in 

bone marrow 
– NTP 1987a 
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Table 2-21.  Genotoxicity of Chloroform In Vivo 
 

Species (exposure route) Endpoint Results Reference 
Mouse (IP) Sister chromatid exchange in 

bone marrow 
– NTP 1987b 

Human (multi-route; blood 
levels measured) 

Oxidative DNA damage 
(urinary 8-OHdG) 

+ Liu et al. 2020 

Rat (W) Oxidative DNA damage (renal 
8-OxoG levels) 

– McDorman et al. 2005 

Nonmammalian eukaryotic organisms 
Drosophila melanogaster Sex-linked recessive lethals – Gocke et al. 1981 
Grasshopper embryo Mitotic arrest + Liang et al. 1983 
Pleurodeles waltl (newt) larvae  Chromosomal aberrations in 

erythrocytes 
– Le Curieux et al. 1995 

 
– = negative result; + = positive result; 8-oxoG = 8-oxoguanine; 8-OHdG = 8-hydroxy-2-deoxyguanosine; 
DNA = deoxyribonucleic acid; GO = gavage in oil; GW = gavage in water; IP = intraperitoneal injection; W = drinking 
water 
 

Chloroform was nonmutagenic in the majority of Salmonella typhimurium assays, with or without 

metabolic activation (Araki et al. 2004; Gocke et al. 1981; Kargalioglu et al. 2002; Kundu et al. 2004; Le 

Curieux et al. 1995; NTP 2018b; Simmon et al. 1977; Uehleke et al. 1977; Van Abbé et al. 1982).  

However, mutagenicity was reported in one or more S. typhimurium strains in a few studies.  One study 

reported a concentration-related mutagenic effect with or without metabolic activation in S. typhimurium 

strains TA98 and TA100 (Khallef et al. 2018).  Varma et al. (1988) reported weak mutagenicity in several 

strains without metabolic activation and in TA100 with metabolic activation.  Zhang et al. (2021) 

identified mutagenicity in TA97 and TA102 with metabolic activation, TA98 without metabolic 

activation, and TA100 with and without metabolic activation.  A third study reported weak mutagenicity 

in TA1535, but only when cells were transfected with rat theta-class glutathione S-transferase T1 (Pegram 

et al. 1997). 

 

Chloroform was not mutagenic in Escherichia coli without metabolic activation or standard S9 metabolic 

activation (Araki et al. 2004; Kirkland et al. 1981).  However, addition of GSH to the standard S9 mix 

resulted in increased mutations in E. coli WP2/pKM1010, but not WP2uvrA/pKM101 (Araki et al. 2004).  

Weak mutagenicity was observed in Saccharomyces cerevisiae without metabolic activation (De Serres et 

al. 1981).  No exposure-related sex-linked recessive lethal mutations were observed in Drosophila 

melanogaster following exposure to chloroform (Gocke et al. 1981). 
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In mammalian cells, mutations were not observed without metabolic activation in mouse lymphoma cells 

or Chinese hamster lung fibroblasts (Mitchell et al. 1988; Myhr and Caspary 1988; Sturrock 1977).  

However, when metabolic activation was added to mouse lymphoma cells, forward mutations were 

observed (Mitchell et al. 1988; Myhr and Caspary 1988).  In vivo, gene mutations were not induced in 

mouse hepatocytes following inhalation exposure to concentrations up to 90 ppm for 10, 30, 90, or 

180 days (Butterworth et al. 1998). 

 

There is mixed evidence regarding chromosomal effects in mammalian cells following exposure to 

chloroform in vitro; examinations of cell types, metabolic activation, and exposure concentrations do not 

clearly explain differential findings in these studies.  One study reported induction of sister chromatid 

exchanges in human primary lymphocyte cells in the absence of metabolic activation at concentrations 

≥2,000 µg/mL (Morimoto and Koizumi 1983).  At lower concentrations (maximum of 400 µg/mL), 

neither sister chromatid exchanges nor chromosomal aberrations were induced in human primary 

lymphocyte cells with or without metabolic activation (Kirkland et al. 1981).  Sister chromatid exchanges 

were also not induced in Chinese hamster ovary (CHO) cells following exposure to concentrations up to 

5,000 µg/mL with or without metabolic activation (NTP 1988c) or vapor levels of 0.71% v/v for 1 hour in 

the presence of metabolic activation (White et al. 1979).  Chromosome aberrations were not induced in 

CHO cells without metabolic activation at concentrations up to 1,600 µg/mL but equivocal results were 

observed with metabolic activation at 5,000 µg/mL (NTP 1988b). 

 

In S. cerevisiae yeast cells, chromosomal recombination was induced in S. cerevisiae without metabolic 

activation at concentrations ≥2,980 µg/mL (Brennan and Schiestl 1998).  In contrast, weak evidence of 

recombination was observed in Schizosaccharomyces pombe yeast cells with metabolic activation only at 

the highest concentration of 6,400 µg/mL; recombination was not observed without metabolic activation 

(Callen et al. 1980). 

 

A limited number of in vivo mammalian cells indicate chloroform is clastogenic; however, as observed 

with in vitro studies, findings are somewhat inconsistent.  Increased frequency of sister chromatid 

exchange in bone marrow cells was seen in mice gavaged with a 50 mg/kg/day of chloroform for 4 days 

(Morimoto and Koizumi 1983).  However, sister chromatid exchanges were not induced in bone marrow 

erythrocytes of male mice after a single intraperitoneal injection to doses up to 800 mg/kg (NTP 1987b).  

In other studies, the frequency of micronucleated kidney cells was increased approximately 3-fold in rats 

following a single gavage of 478 mg/kg (Robbiano et al. 1998) and the frequency of micronucleated bone 

marrow erythrocytes was increased 1.9-fold in male mice following intraperitoneal injections of 
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400 mg/kg/day for 3 days (NTP 2018a).  In contrast, chromosome aberrations were not induced in male 

mice following a single intraperitoneal injection at doses up to 1,000 mg/kg (NTP 1987a). 

 

In non-mammalian species, mitotic arrest was induced in grasshopper embryos exposed to chloroform 

(Liang et al. 1983); however, chromosomal aberrations were not observed in erythrocytes of newt larvae 

exposed to up to 50 µg/mL of chloroform in their swimming water for 12 days (Le Curieux et al. 1995). 

 

There is limited evidence that chloroform may be a weak DNA damaging agent.  No DNA damage was 

observed in E. coli with or without metabolic activation (Le Curieux et al. 1995).  In mammalian cells, 

there was weak evidence of DNA damage at high exposure levels in primary human airway epithelial 

cells and human-derived hepatoma HepG2 cells in the absence of metabolic activation (Landi et al. 2003; 

Zhang et al. 2012).  Chloroform did not induce DNA damage or unscheduled DNA synthesis in human 

lymphoblastic leukemia or primary lymphocyte cells, primary human lymphocytes, or rat hepatocytes 

exposed in vitro (Geter et al. 2004a; Larson et al. 1994a; Perocco and Prodi 1981). 

 

In an epidemiological cohort study, blood chloroform levels were associated with increased urinary 

8-hydroxy-2-deoxyguanosine (8-OHdG) levels, a marker of oxidative DNA damage (Liu et al. 2020).  

Evidence of oxidative DNA damage was not observed in the rat kidney following exposure to 1.8 g/L in 

drinking water (~250 mg/kg/day) for 3 weeks (McDorman et al. 2005).  In gavage studies, unscheduled 

DNA synthesis (UDS) was observed in the kidney when rats were exposed once to ≥90 mg/kg via gavage 

in oil, but not at doses up to 180 mg/kg via gavage in water (Lipsky et al. 1993).  No evidence of UDS 

was observed in rat or mouse hepatocytes after single gavage doses up to 400 or 477 mg/kg in oil, 

respectively (Larson et al. 1994a; Mirsalis et al. 1982).  No DNA damage was observed in the rat 

gastrointestinal tract, liver, or kidney at doses up to ~2,000 mg/kg via gavage in water (single exposure) 

or 300 mg/kg/day via drinking water for 2 weeks (Geter et al. 2004a).  Similarly, no DNA damage was 

observed in the glandular stomach or liver of rats exposed to doses up to 500 mg/kg/day for 3 days via 

gavage in oil (Wada et al. 2015). 

 

Epigenetic changes have also been associated with chloroform exposure.  Global decreases in DNA 

methylation have been observed in mouse liver cells following oral exposure to chloroform for 11 days 

(Coffin et al. 2000) or 54 days (Mostafa et al. 2009).  Similarly, global DNA methylation was decreased 

in mouse kidney cells following oral exposure to chloroform for 7 days (Tao et al. 2005).  Targeted 

analyses following oral exposure in mice have observed hypomethylation of the promotor region of the 
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c-myc protooncogene, which was associated with increased messenger ribonucleic acid (mRNA) 

expression of c-myc, in the liver (Coffin et al. 2000; Pereira et al. 2001) and kidney (Tao et al. 2005). 
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3.1   TOXICOKINETICS 

• Absorption of chloroform can occur through the lungs, gastrointestinal tract, and skin. 

• Absorbed chloroform is distributed throughout the body.  Based on blood-tissue partition 
coefficients, the equilibrium distribution would be in the following order: fat>>liver>kidney≥ 
other tissues. 

• Chloroform is metabolized by mixed function oxidases (CYP2E1) in the liver, kidney, and other 
tissues to form reactive intermediates such as phosgene. 

• Absorbed chloroform is excreted primarily through the lungs as chloroform.  Metabolites are 
excreted primarily through the lungs as carbon dioxide and in urine to a lesser extent. 

• Numerous physiologically based pharmacokinetic (PBPK) models of chloroform have been 
developed and applied to interspecies and route-to-route dosimetry extrapolation. 

3.1.1   Absorption 
 

Inhalation.  Absorption of inhaled chloroform depends on many factors, including air concentration, 

exposure duration, solubility in blood and tissues, and physical activity level, which influences the 

ventilation rate and cardiac output (Silva et al. 2013).  Pulmonary absorption of chloroform is also 

influenced by total body weight and total fat content, with uptake and storage in adipose tissue increasing 

with increasing body weight and fat. 

 

Absorption of inhaled chloroform is governed, in part, by its solubility in blood.  The blood/air partition 

coefficient has been estimated in a variety of ways, including experimental measurements made under 

equilibrium conditions (Batterman et al. 2002; Béliveau and Krishnan 2000a; Gargas et al. 1989; Kaneko 

et al. 2000) and predictions from physical and/or chemical properties (Abraham et al. 2005; Basak et al. 

2004; Poulin and Krishnan 1996).  Values from experimental determinations are 7–11 in human blood 

and 15–21 in rodent blood. 

 

The blood/air partition coefficient has shown concentration dependency when evaluated in rat blood, with 

values of 16–21 at concentrations <10 µmol (injected into a sealed vial) and 6–9 at concentrations of 37–

187 µmol (Béliveau and Krishnan 2000b; Béliveau et al. 2001).  Jia et al. (2012) derived a population-

based estimate of the blood/air distribution coefficient for chloroform based on data collected on blood 
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chloroform levels and personal air volatile organic compound (VOC) monitoring in a subset of the 1999–

2000 NHANES sample.  The blood/air distribution coefficient is a partition coefficient measured under 

“real-world” scenarios, rather than a controlled laboratory setting that cannot account for human 

variability and often does not evaluate various air concentrations and/or mixed exposure scenarios.  Based 

on NHANES data, the mean distribution coefficient was 51.3 (standard error [SE]=7.0; N=195 adults).  

This study also found a significant inverse association between the distribution coefficient and the air 

chloroform concentration, consistent with the experimental data in rat blood. 

 

In inhalation exposures, the arterial blood concentration of chloroform is directly proportional to the 

concentration in inhaled air.  At anesthetic concentrations (8,000–10,000 ppm), steady-state arterial blood 

concentrations of chloroform were 7–16.2 mg/mL (Smith et al. 1973).  Total body equilibrium with 

inspired chloroform concentration required at least 2 hours at resting ventilation and cardiac output 

(Smith et al. 1973). 

 

Xu and Weisel (2005) measured blood chloroform kinetics in six adult subjects who inhaled chloroform 

released from shower water while protected from dermal contact.  Observations of air and blood 

chloroform concentrations were fit to a one-compartment model to estimate an absorption percentage of 

71% (range 40–80%). 

 

Aggazzotti et al. (1993, 1995) measured the amount of chloroform absorbed from swimming in indoor 

swimming pools.  Alveolar air samples were collected from both swimmers and observers who did not 

swim.  The chloroform concentration in plasma was correlated with the concentration in air (Spearman’s 

coefficient 0.74).  No differences were found between males and females in any exposure group. 

 

Cammann and Hübner (1995) attempted to correlate chloroform exposure with blood and urine 

chloroform concentrations in persons using indoor swimming pools.  Water and air samples were 

collected from three swimming pools in Germany, with blood and urine samples collected from 

attendants, normal swimmers, and agonistic swimmers before and after environmental exposure.  Pool 

water chloroform levels ranged from 3.04 to 27.8 µg/L, while air concentrations ranged from 7.77 to 

191 µg/m3.  In general, blood chloroform levels increased with exposure.  Blood levels were lowest in 

attendants (0.13–2.45 µg/L), followed by normal swimmers (0.56–1.65 µg/L), and agonistic swimmers 

(1.14–5.23 µg/L).  Based upon the differences seen in the two swimming groups, the study authors 

concluded that increased physical activity leads to increased absorption and/or ingestion of chloroform. 
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In a similar study, Lévesque et al. (1994) attempted to quantitate the body burden of chloroform following 

exposure in an indoor pool.  Scuba divers were exposed to chloroform-laden water and air on each of 

7 days.  On each exposure day, the subjects exercised for a 55-minute period; alveolar air samples were 

collected before exercise and after 35 or 55 minutes of exercise.  Pre-exercise alveolar levels of 

chloroform averaged 52.6 ppb; this was attributed to air contamination in the locker room.  Alveolar air 

concentrations of chloroform after 35 and 55 minutes of exercise increased steadily through day 5, 

averaging 0.1–0.95 and 0.104–1.093 ppm, respectively.  On day 6, when scuba gear was worn by the 

subjects, alveolar air concentrations after 35 and 55 minutes of exercise were 0.196 and 0.209 ppm, 

respectively.  The study authors concluded that the average proportions of body burden due to inhalation 

after 35 and 55 minutes of exercise were 76 and 78%, respectively. 

 

Nashelsky et al. (1995) described one nonfatal assault and three deaths in which chloroform was utilized.  

Blood and/or tissue concentrations of chloroform were determined in the assault victim and one decedent 

within 24 hours, within 10 days in another decedent who was frozen for the majority of that period, and 

after 5 months without preservation in the last decedent.  Blood concentrations in two decedents were 

2 and 3 µg/mL; fat concentrations were 10 and 42 µg/mL; brain concentrations were 3 and 46 µg/mL; and 

the liver concentration in one decedent was 24 µg/mL.  Due to the nature of the tissues analyzed, these 

data should be regarded as qualitative indicators of chloroform absorption only. 

 

Yoshida et al. (1999) measured uptake of inhaled chloroform in rats exposed to chloroform in a closed 

chamber.  The kinetics of chloroform uptake from the chamber slowed as the chamber concentration 

increased from 0.01 to 100 ppm.  This observation is consistent with saturable metabolic elimination of 

absorbed chloroform. 

 

Oral.  Peak blood levels were reached 1 hour following ingestion of 13C-labeled chloroform (0.5 g) in a 

gelatin capsule (Fry et al. 1972).  Based on measurements of exhaled chloroform, approximately 100% of 

the dose was estimated to have been absorbed. 

 

Experiments in mice, rats, and monkeys indicate that oral doses (60 mg/kg) of 14C-labeled chloroform in 

olive oil were almost completely absorbed as indicated by an 80–96% recovery of radioactivity in expired 

air, urine, and carcass (Brown et al. 1974a; Taylor et al. 1974).  Absorption in mice and monkeys was 

rapid with peak blood levels reached 1 hour after oral administration of 60 mg/kg chloroform in olive oil. 
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Studies conducted in mice and rats have found that oral absorption of chloroform is affected by the 

vehicle in which it is administered.  In general, absorption is higher when doses were dissolved in water, 

compared to corn oil or aqueous 2% Emulphor (Dix et al. 1997; Pereira 1994).  Intestinal absorption of 

chloroform in either water or corn oil administered intragastrically to rats was rapid with both vehicles, 

but the rate and extent of absorption varied greatly (Withey et al. 1983).  The peak concentrations of 

chloroform in blood were 39.3 µg/mL when administered in water and 5.9 µg/mL when administered in 

corn oil in rats.  The greater degree of absorption following administration in water can be explained by 

the faster partitioning of a lipophilic compound such as chloroform with mucosal lipids from an aqueous 

vehicle.  Peak blood concentrations were reached somewhat more rapidly with the water vehicle 

(5.6 minutes as opposed to 6 minutes for corn oil).  The uptake from a corn oil solution was more 

complex (pulsed) than from aqueous solution.  A possible explanation for this behavior is that the 

chloroform in corn oil was broken up into immiscible globules, some of which did not come into contact 

with the gastric mucosa.  Another possible explanation was that intragastric motility may have separated 

the doses into aliquots that were differentially absorbed from the gastrointestinal tract. 

 

Pereira (1994) investigated the uptake and protein binding of chloroform in the liver and kidney in female 

B6C3F1 mice.  Animals received single doses of chloroform by gavage in either water or corn oil.  

Uptake of chloroform from water into the liver peaked in 1.5 minutes, and hepatic uptake during the first 

20 minutes exceeded that of chloroform delivered in oil.  During the first 20 minutes after dosing, binding 

of chloroform to macromolecules in the liver was greater when water vehicle was utilized; beyond 

20 minutes, the amount of binding was equivalent between the two vehicle groups.  Renal uptake of 

chloroform from water exceeded uptake of chloroform from oil over the entire 4-hour period.  The extent 

of binding to macromolecules in kidneys was consistently greater in the group given chloroform in water.  

Differences in chloroform toxicity based on the vehicle have also been reported elsewhere (Larson et al. 

1994b, 1995a). 

 

Dermal.  Dermal absorption of chloroform is dependent on ambient temperature.  In a study of 10 adult 

subjects who bathed in water containing 100 µg/L chloroform, the amount of chloroform exhaled when 

the bath water temperature was 40°C was approximately 40 times that observed when the temperature 

was 30°C (Gordon et al. 1998).  Dick et al. (1995) estimated dermal absorption of chloroform in seven 

adult subjects.  Each subject was exposed to [14C]-chloroform applied to a covered 3.1 cm2 area of the 

forearm.  The applied doses were 50 µg in water or 250 µg in ethanol and the exposure duration was 

8 hours.  Absorption was estimated from the sum of 14C exhaled and excreted during a 4-hour period 
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following the exposure.  Mean absorption was 7.8% (standard deviation [SD]=1.4%) when the vehicle 

was water and 1.6% (SD=0.3%) when the vehicle was ethanol. 

 

Dermal absorption of chloroform is governed, in part, by its rate of diffusion through the skin.  Fan et al. 

(2007) estimated the dermal permeability coefficient (KP, cm/hour) for chloroform in 11 adult subjects.  

Each subject was exposed by immersing their hand and forearm in 100 µg chloroform/L water contained 

in a closed chamber.  The KP was estimated from the rate of change in chloroform concentration in the 

chamber reservoir.  The mean was 0.166 cm/hour (SD: 0.108 cm/hour).  In a study in which adult subjects 

bathed in water containing 40 µg/L chloroform (38°C) while wearing a breathing mask, the KP, estimated 

from the rate of chloroform exhaled, was 0.015 cm/hour (Xu and Weisel 2005). 

 

Several studies have estimated the dermal KP from measurements made in excised human skin 

preparations.  Estimates ranged from 0.016 to 0.16 cm/hour (Dick et al. 1995; Nakai et al. 1999; Poulin 

and Krishnan 2001; Xu et al. 2002).  Differences in estimates may reflect differences in methods used to 

estimate the KP (Bunge et al. 1995). 

 

Lévesque et al. (1994) attempted to quantitate the body burden of chloroform following dermal and 

inhalation exposure in an indoor swimming pool.  Male scuba divers were exposed to chloroform-laden 

water and air on each of 7 days.  On each exposure day the subjects exercised for a 55-minute period.  On 

day 6 of the experiment, subjects wore scuba gear to determine the percentage body burden due to dermal 

exposure.  On day 6, when scuba gear was worn by the subjects, alveolar air concentrations after 35 and 

55 minutes of exercise were 196 and 209 ppb, respectively.  From these data, it would appear that the 

average proportions of body burden due to dermal exposure after 35 and 55 minutes of exercise were 

24 and 22%, respectively. 

 

Cammann and Hübner (1995) attempted to correlate chloroform exposure with blood and urine 

chloroform concentrations in persons using indoor swimming pools.  Water and air samples were 

collected from three pools in Germany, and blood and urine samples were collected from attendants, 

normal swimmers, and agonistic swimmers before and after exposure.  Pool water chloroform levels 

ranged from 3.04 to 27.8 µg/L, while air concentrations ranged from 7.77 to 191 µg/m3.  Blood 

chloroform levels generally increased with higher chloroform exposure levels.  Blood levels were lowest 

in attendants (0.13–2.45 µg/L), followed by normal swimmers (0.56–1.65 µg/L), and agonistic swimmers 

(1.14–5.23 µg/L).  Based upon the differences seen in the two swimming groups, the study authors 

concluded that increased physical activity leads to increased absorption and/or ingestion.  With the 
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exception of the inclusion of attendants, the study authors did not attempt to differentiate between 

inhalation and dermal absorption of chloroform.  However, the increased blood concentrations seen in the 

swimmers seems to indicate that dermal absorption did indeed occur. 

 

According to dermal absorption studies with solvents other than chloroform, the absorption of such 

solvents in guinea pigs is more rapid than metabolism or pulmonary excretion (Jakobson et al. 1982).  A 

dermal absorption rate of 329 nmol/minute/cm2 (±60 nmol/minute/cm2) was calculated for the shaved 

abdominal skin of mice (Tsuruta 1975).  This is equivalent to a human absorption rate of 29.7 mg/minute, 

assuming that a pair of hands are immersed in liquid chloroform (Tsuruta 1975).  However, this 

calculation was based on the assumptions that the rate of chloroform penetration is uniform for all kinds 

of skin and that the total surface area of a pair of human hands is 800 cm2; the former assumption is 

especially dubious. 

 

Islam et al. (1995, 1996, 1999a, 1999b) investigated the fate of topically applied chloroform in male 

hairless rats.  Hairless rats were exposed by immersion in an aqueous solution of chloroform (Islam et al. 

1996).  Inhalation was prevented by isolating the head in an enclosed chamber.  Chloroform was detected 

in blood within 4 minutes of immersion.  Systemic absorption was estimated from the blood chloroform 

profile (area under the curve [AUC]) observed during and following dermal exposure or an intravenous 

dose.  A 30-minute exposure to 0.44 mg/mL resulted in absorption of approximately 10.2 mg of 

chloroform.  Islam et al. (1999a) estimated absorption of chloroform from dermal exposures to neat 

chloroform applied to the back of hairless rats.  Systemic absorption was estimated from the dermal and 

intravenous blood chloroform AUC.  Rats exposed to 1557 mg chloroform over a 5.46 cm2 area absorbed 

approximately 2.8 mg following a 1-minute exposure, 2.5 mg following a 3-minute exposure, and 

13.3 mg following an 8-minute exposure.  Following cessation of dermal exposure, chloroform was 

rapidly eliminated from the skin surface by evaporation with a half-time of 2–3 minutes (Islam et al. 

1999b).  Dermal permeability coefficients (cm/hour) in rats have been estimated from in vivo dermal 

exposure studies (Bogen and Keating 2000). 

 

3.1.2   Distribution 
 

Chloroform is lipid soluble and readily passes through cell membranes, causing narcosis at high 

concentrations.  Blood chloroform concentrations during anesthesia (presumed concentrations 8,000–

10,000 ppm) were 7–16.2 mg/mL in 10 patients (Smith et al. 1973).  An arterial chloroform concentration 

of 0.24 mg/mL during anesthesia corresponded to the following partition coefficients: blood/gas, 8; 
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blood/vessel rich compartment, 1.9; blood/muscle compartment, 1.9; blood/fat compartment, 31; 

blood/vessel poor compartment, 1; and blood/liver, 2 (Feingold and Holaday 1977).  Partition coefficients 

were calculated for humans based on results in mice and rats, and in human tissues in vitro: blood/air, 7.4; 

liver/air, 17; kidney/air, 11; and fat/air, 280 (Corley et al. 1990). 

 

Tissue/blood partition coefficients for chloroform have been estimated in a variety of ways, including 

experimental measurements under equilibrium conditions (Gargas et al. 1989; Kaneko et al. 2000; Mahle 

et al. 2007; Paixao et al. 2013; Thrall et al. 2002) and predictions from physical and/or chemical 

properties (Abraham and Ibrahim 2006; Abraham et al. 2006; DeJongh et al. 1997; Derricott et al. 2015; 

Poulin and Krishnan 1996).  In general, the highest partition coefficients have been measured in adipose 

tissue (20–40 times that of other tissues).  The value for the tissue/blood partition coefficient depends on 

the composition of the tissue (Poulin and Krishnan 1996) and varies across species, age, and other factors 

that affect tissue composition (Mahle et al. 2007). 

 

The chloroform levels in seven patients who died after excessive administration during anesthesia were: 

brain, 372–480 mg/kg; lungs, 355–485 mg/kg; and liver, 190–275 mg/kg (Gettler and Blume 1931).  The 

chloroform levels in patients under anesthesia who died from other causes were: brain, 120–182 mg/kg; 

lungs, 92–145 mg/kg; and liver, 65–88 mg/kg tissue wet weight.  Nashelsky et al. (1995) described one 

nonfatal assault and three deaths in which chloroform was utilized.  Blood and/or tissue concentrations of 

chloroform were determined in the assault victim and one decedent within 24 hours, within 10 days in 

another decedent who was frozen for the majority of that period, and after 5 months without preservation 

in the last decedent.  Blood concentrations in two decedents were 2 and 3 µg/mL; fat concentrations were 

10 and 42 µg/mL; brain concentrations were 3 and 46 µg/mL; and the liver concentration in one decedent 

was 24 µg/mL. 

 

After whole-body autoradiography to study the distribution of 14C-labeled chloroform in mice, most of the 

radioactivity was found in fat immediately after exposure, while the concentration of radioactivity in the 

liver increased during the postanesthetic period, most likely due to covalent binding to lipid and protein in 

the liver (Cohen and Hood 1969).  Partition coefficients (tissue/air) for mice and rats were 21.3 and 

20.8 for blood; 19.1 and 21.1 for liver; 11 and 11 for kidney; and 242 and 203 for fat, respectively (Corley 

et al. 1990).  Arterial levels of chloroform in mongrel dogs reached 0.35–0.40 mg/mL by the time animals 

were in deep anesthesia (Chenoweth et al. 1962).  Chloroform concentrations in the inhaled stream were 

not measured, however.  After 2.5 hours of deep anesthesia, there was 392 mg/kg chloroform in brain 

tissue, 1,305 mg/kg in adrenals, 2,820 mg/kg in omental fat, and 290 mg/kg in the liver. 



CHLOROFORM  192 
 

3.  TOXICOKINETICS, SUSCEPTIBLE POPULATIONS, BIOMARKERS, CHEMICAL INTERACTIONS 
 
 

 

 

Radioactivity from 14C-labeled chloroform was detected in the placenta and fetuses of mice shortly after 

inhalation exposure (Danielsson et al. 1986).  During early gestation, accumulation of radioactivity was 

observed in the embryonic neural tissues, while the respiratory epithelium was more involved in 

chloroform metabolism in the late fetal period. 

 

Due to its lipophilic character, chloroform accumulates to a greater extent in tissues of high lipid content.  

As shown by the results presented above, the relative concentrations of chloroform in various tissues 

decreased as follows: adipose tissue > brain > liver > kidney > blood. 

 

No studies were located regarding distribution in humans after oral exposure to chloroform. 

 

Take et al. (2010) compared the distribution of chloroform in rats following separate or simultaneous oral 

and inhalation exposure.  Rats received an oral dose of 55 mg/kg deuterated chloroform (CDCl3) 

separately or simultaneously with an exposure to 100 ppm chloroform for 360 minutes in a closed 

chamber.  The highest chloroform or CDCl3 concentrations were observed in fat.  Combined oral and 

inhalation exposure increased concentrations of orally administered CDCl3 in blood, fat, kidney, and 

liver, compared to oral exposure alone.  This suggests that the inhaled chloroform altered the disposition 

of orally administered CDCl3, possibly by inhibiting CDCl3 metabolism. 

 

Take et al. (2014) found that the blood AUC/kg for chloroform following inhalation exposure of rats 

showed a strong linear correlation (r-0.99) with the inhalation exposure concentration.  Based on a linear 

regression model of inhalation dose and AUC, Take et al. (2014) estimated the inhalation exposure that 

would be equivalent to the AUC/kg observed following oral exposure to chloroform in corn oil.  Over the 

range of oral doses explored (12.5–100 mg/kg), the inhalation equivalent dose ranged from 19 to 

187 ppm. 

 

High concentrations of radioactivity were observed in body fat and livers of rats, mice, and squirrel 

monkeys given oral doses of 60 mg/kg 14C-labeled chloroform (Brown et al. 1974a).  The maximum 

levels of radioactivity in the blood appeared within 1 hour and were 3 µg equivalents chloroform/mL for 

mice and 10 µg equivalents chloroform/ml for monkeys, which represented ≈0.35 and 1%, respectively, 

of the total radioactivity.  In monkeys, bile concentrations peaked within 6 hours.  The distribution of 

radioactively labeled chloroform was studied in three strains of mice (Taylor et al. 1974).  No strain-

related differences were observed; however, higher levels of radioactivity were found in the renal cortex 
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of males and in the liver of females.  The renal binding of radioactive metabolites may have been altered 

by variations in the testosterone levels as a result of hormonal pretreatment in females or castration in 

males.  Sex-linked differences in chloroform distribution were not observed in rats or monkeys (Brown et 

al. 1974a).  Chloroform accumulates in the adipose tissue of rats after oral exposure of intermediate 

duration (Pfaffenberger et al. 1980). 

 

Islam et al. (1995) investigated the fate of topically applied chloroform in male hairless rats.  For 

exposures <4 minutes, chloroform-laden water was applied to shaved back skin; for exposures of 4–

30 minutes, rats were submerged in baths containing chloroform-laden water.  Selected skin areas were 

tape-stripped a various number of times after various delay periods.  The study authors found that the 

accumulated amount of chloroform declined rapidly with depth of stratum corneum.  As the time of 

exposure decreased, smaller amounts of chloroform were found in the deeper layers of stratum corneum; 

by 5 minutes postexposure, the amount of chloroform at the first tape strip (skin surface) dropped to 

negligible levels.  It appeared that there was an incremental build-up of chloroform in the skin over the 

first 4 minutes.  When compared to uptake measured by bath concentration differences, approximately 

88% of the chloroform dose was not accounted for in the stratum corneum and was assumed to be 

systemically absorbed. 

 

3.1.3   Metabolism 
 

The metabolism of chloroform is well understood.  Approximately 50% of an oral dose of 0.5 g 

chloroform was metabolized to carbon dioxide in humans (Fry et al. 1972).  Metabolism was dose-

dependent, decreasing with higher exposure.  A first-pass effect was observed after oral exposure 

(Chiou 1975).  Approximately 38% of the dose was converted in the liver, and 17% was exhaled 

unchanged from the lungs before reaching the systemic circulation.  In vivo metabolic rate constants of 

VmaxC=15.7 mg/hour/kg and KM=0.448 mg/L were defined for humans based on pharmacokinetic results 

obtained from inhalation studies in rats and mice and in vitro enzymatic studies in human tissues (Corley 

et al. 1990).  The metabolic activation of chloroform to its toxic intermediate, phosgene, was slower in 

humans than in rodents. 
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Metabolic pathways of chloroform biotransformation are shown in Figure 3-1.  Metabolism studies 

indicated that chloroform was, in part, exhaled from the lungs or was converted by oxidative 

dehydrochlorination of its carbon-hydrogen bond to form phosgene (Pohl et al. 1981; Stevens and Anders 

1981).  This reaction was mediated by cytochrome P450 and was observed in the liver and kidneys (Ade 

et al. 1994; Branchflower et al. 1984; Liu et al. 2013; Smith et al. 1984).  The dominant isozyme 

mediating chloroform metabolism in rats and humans is CYP2E1 (Constan et al. 1999; Gemma et al. 

2003; Lipscomb et al. 2004; Testai et al. 1996).  However, other isoenzymes contribute to the low-affinity 

phase of oxidative metabolism, including CYP2A6 in humans and CYP2B1/2 in rats (Gemma et al. 2003; 

Testai et al. 1996).  In renal cortex microsomes of DBA/2J mice, the majority of chloroform metabolism 

was oxidative under ambient oxygen conditions, while anoxic conditions resulted in reductive metabolism 

(Ade et al. 1994). 

 

Phosgene may react with two molecules of GSH to form diglutathionyl dithiocarbonate, which is further 

metabolized in the kidneys, or it may react with other cellular elements and induce cytotoxicity (Pohl and 

Gillette 1984).  In vitro studies indicate that phosgene and other reactive chloroform metabolites bind to 

lipids and proteins of the endoplasmic reticulum proximate to the cytochrome P450 (Sipes et al. 1977; 

Wolf et al. 1977).  The metabolism of chloroform to reactive metabolites occurs not only in microsomes 

but also in nuclear preparations (Gomez and Castro 1980).  Covalent binding of chloroform to lipids can 

occur under anaerobic and aerobic conditions, while binding to the protein occurs only under aerobic 

conditions (Testai et al. 1987). 

 

It was further demonstrated that chloroform can induce lipid peroxidation and inactivation of cytochrome 

P450 in rat liver microsomes under anaerobic conditions (de Groot and Noll 1989).  Covalent binding of 

chloroform metabolites to microsomal protein in vitro was intensified by microsomal enzyme inducers 

and prevented by GSH (Brown et al. 1974b).  It was proposed that the reaction of chloroform metabolites 

with GSH may act as a detoxifying mechanism.  When GSH is depleted, however, the metabolites react 

with microsomal protein, and may cause necrosis.  This is supported by observations that chloroform 

doses that caused liver GSH depletion produced liver necrosis (Docks and Krishna 1976).  In fasted 

animals, chloroform has been found to be more hepatotoxic (Brown et al. 1974b; Docks and Krishna 

1976) even though animals were found to have lower blood chloroform concentrations (Wang et al. 

1995); this phenomenon would apparently be explained by a decreased GSH content and resultant 

inability to bind toxic metabolites.  This may explain the clinical finding of severe acute hepatotoxicity in 

women exposed to chloroform via anesthesia during prolonged parturition. 
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Evidence that chloroform is metabolized at its carbon-hydrogen bond is provided by experiments using 

the deuterated derivative of chloroform (Branchflower et al. 1984; McCarty et al. 1979; Pohl et al. 1980).  

Deuterated chloroform was one-half to one-third as cytotoxic as chloroform, and its conversion to 

phosgene was much slower.  The results confirmed that the toxicity of chloroform is primarily due to its 

metabolites. 

 

Figure 3-1.  Metabolic Pathways of Chloroform Biotransformation 
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An in vitro study of mice hepatic microsomes indicated that a reductive pathway may also play an 

important role in chloroform hepatotoxicity (Testai et al. 1990, 1995).  It was demonstrated that radical 

chloroform metabolites bind to macromolecules (proteins, lipids) and the process can be inhibited by 

reduced GSH. 

 

The final product of the aerobic metabolic pathway of chloroform is carbon dioxide (Brown et al. 1974a; 

Fry et al. 1972).  This carbon dioxide is mostly eliminated through the lungs, but some is incorporated 

into endogenous metabolites and excreted as bicarbonate, urea, methionine, and other amino acids 

(Brown et al. 1974a).  Chloride ions are an end product of chloroform metabolism found in the urine (Van 

Dyke et al. 1964).  Carbon monoxide was a minor product of the anaerobic metabolism of chloroform in 

vitro (Ahmed et al. 1977) and in vivo in rats (Anders et al. 1978; Pankow and Damme 1999). 

 

A sex-related difference in chloroform metabolism was observed in mice (Taylor et al. 1974).  

Chloroform accumulated and metabolized in the renal cortex of males to a greater extent than in females, 

while liver chloroform concentrations were greater in females than in males; the results may have been 

influenced by testosterone levels.  This effect was not observed in any other species and may explain why 

male mice were more susceptible to the lethal and renal effects of chloroform than were females 

(Deringer et al. 1953). 

 

Wang et al. (1994) found that, in male Wistar rats, pretreatment with ethanol increased chloroform 

metabolism about 2-fold but did not affect hepatic microsomal protein of cytochrome P450 content.  In 

addition, intraperitoneal administration of chloroform resulted in greater blood concentrations, peak 

values, and AUCs, as compared to oral administration.  AUCs in rats administered chloroform orally were 

0.34–6.45 versus 0.58–8.78 in rats administered chloroform intraperitoneally.  The study authors 

concluded that differences between route groups in hepatotoxicity were due to differences in the 

proportion of dose exposed to first-pass metabolism.  Since oral dosing results in the greatest first-pass 

exposure, this route resulted in the greatest hepatotoxicity.  The degree of hepatic exposure also 

influenced the enhancing effect of ethanol; the group receiving chloroform orally was affected the most 

by ethanol pretreatment.  The study authors also concluded that intraperitoneal exposure produced data 

most like that of inhalation exposure, presumably due to the smaller proportion of dose going through 

first-pass metabolism. 

 

Interspecies differences in the rate of chloroform conversion were observed in mice, rats, and squirrel 

monkeys, with species differences in metabolism being highly dependent on dose.  The conversion of 
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chloroform to carbon dioxide was highest in mice (80%) and lowest in squirrel monkeys (18%) (Brown et 

al. 1974a).  Similarly, chloroform metabolism was calculated to be slower in humans than in rodents.  

Therefore, it was estimated that the exposure to equivalent concentrations of chloroform would lead to a 

much lower delivered dose in humans (Corley et al. 1990).  Inter-strain differences in kinetics of 

metabolism of chloroform in rodents has also been observed (Vittozzi et al. 2000, 2001). 

 

A study by Gearhart et al. (1993) was conducted to determine the interactions of chloroform exposure 

with body temperature, gas uptake, and tissue solubility in mice as possible explanations for the difficulty 

in fitting a physiologically based pharmacokinetic/pharmacodynamic (PBPK/D) model to chloroform gas-

uptake data to derive in vivo metabolic constants.  Male mice were exposed to air concentrations of 100, 

800, 2,000, or 5,500 ppm chloroform for 6 hours and their core body temperatures were monitored 

frequently over the exposure period.  After exposure, blood, liver, thigh muscle, and fat tissues were 

removed for tissue/air and tissue/blood partition coefficient analysis at three temperatures (25, 31, and 

37°C).  For all tissues, tissue/air partition coefficients exhibited temperature-dependent decreases with 

increasing temperature.  The rate of decrease was greatest for the blood/air partition coefficient.  Average 

body temperatures for each exposure group decreased as the exposure concentrations increased.  

Temperature-dependent decreases in core body temperature were hypothesized to decrease overall 

metabolism of chloroform in mice.  The data collected were also used to develop a PBPK model for 

chloroform disposition. 

 

3.1.4   Excretion 
 

Xu and Weisel (2005) measured blood chloroform kinetics in six adult subjects who inhaled chloroform 

released from shower water while protected from dermal contact with the water.  Observations of air and 

blood chloroform concentrations were fit to a one-compartment model to estimate a residence time (τ) 

of 13.1 min (±1.62 SD) which corresponds to a first-order half-time of 9.1 minutes (τ ⋅ ln[2]).  A 

two-compartment model fit to the same data yielded half-times of 4.7 and 39 minutes. 

 

Chloroform was detected in the exhaled air of volunteers exposed to a normal environment, heavy 

automobile traffic, or air in a dry-cleaning establishment (Gordon et al. 1988).  Higher chloroform levels 

in the breath corresponded to higher exposure levels.  The calculated biological half-time for chloroform 

was 7.9 hours. 
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Following a single, oral exposure, most of the 0.5 g of radioactively labeled chloroform administered to 

volunteers was exhaled during the first 8 hours after exposure (Fry et al. 1972).  A slower rate of 

pulmonary excretion was observed during the first 8 hours in volunteers who had more adipose tissue 

than the other volunteers.  Up to 68.3% of the dose was excreted unchanged, and up to 50.6% was 

excreted as carbon dioxide.  A positive correlation was made between pulmonary excretion and blood 

concentration.  Less than 1% of the radioactivity was detected in the urine. 

 

Dick et al. (1995) examined the excretion of chloroform in seven adult subjects following dermal 

exposure to chloroform.  Each subject was exposed to [14C]-labeled chloroform applied to a covered 

3.1-cm2 area of the forearm.  The applied doses were 50 µg in water or 250 µg in ethanol and the 

exposure duration was 8 hours.  Urinary excretion of 14C was measured for a period of 3 days following 

the start of dermal exposure and exhaled 14C was measured for the first 48 hours following the start of 

exposure.  When administered in water, mean urinary excretion was 0.42% of the applied dose and 

excretion from the lungs was 7.8%.  When chloroform was administered in ethanol, the mean urinary 

excretion was 0.07% of the applied dose and excretion from the lungs was 0.83%. 

 

Excretion of radioactivity in mice and rats was monitored for 48 hours following exposure to 14C-labeled 

chloroform (Corley et al. 1990).  In general, 92–99% of the total radioactivity was recovered in mice and 

58–98% was recovered in rats; the percentage of recovery decreased with increasing exposure.  With 

increasing concentration, mice exhaled 80–85% of the total radioactivity recovered as 14C-labeled carbon 

dioxide, 0.4–8% as 14C-labeled chloroform, and 8–11 and 0.6–1.4% as urinary and fecal metabolites, 

respectively.  Rats exhaled 48–85% of the total radioactivity as 14C-labeled carbon dioxide, 2–42% as 
14C-labeled chloroform, and 8–11 and 0.1–0.6% in the urine and feces, respectively.  A 4-fold increase in 

exposure concentration was followed by a 50- and 20-fold increase in the amount of exhaled, 

unmetabolized chloroform in mice and rats, respectively. 

 

Approximately 80% of a single dose of 60 mg/kg 14C-labeled chloroform was converted within 24 hours 

to 14C-labeled carbon dioxide in mice (Brown et al. 1974a; Taylor et al. 1974), while only ≈66% of the 

dose was converted to 14C-labeled carbon dioxide in rats (Brown et al. 1974a).  Eight hours after 

administration of 100–150 mg/kg of 14C-labeled chloroform, 49.6 and 6.5% of radioactivity was 

converted to carbon dioxide, 26.1 and 64.8% was expired as unmetabolized parent compound, and 

4.9 and 3.6% was detected in the urine in mice and rats, respectively (Mink et al. 1986).  These results 

indicate that mice metabolize high doses of chloroform to a greater degree than rats.  Only 18% of a 

chloroform dose was metabolized to 14C-labeled carbon dioxide in monkeys, and ≈79% was detected as 
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unchanged parent compound or toluene soluble metabolites (Brown et al. 1974a).  Within 48 hours after 

exposure, ≈2, 8, and 3% of the administered radioactivity was detected in the urine and feces of monkeys, 

rats, and mice, respectively. 

 

Islam et al. (1996, 1999a) measured the systemic clearance of chloroform in rats following dermal 

exposures.  Elimination of chloroform from blood was biphasic with estimated rate constants (k) of 

0.030 and 0.007 minute-1 (Islam et al. 1996).  The equivalent first-order half-times (ln[2]/k) were 23 and 

99 minutes. 

 

3.1.5   Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models 
 

Models are simplified representations of a system with the intent of reproducing or simulating its 

structure, function, and behavior.  PBPK models are more firmly grounded in principles of biology and 

biochemistry.  They use mathematical descriptions of the processes determining uptake and disposition of 

chemical substances as a function of their physicochemical, biochemical, and physiological 

characteristics (Andersen and Krishnan 1994; Clewell 1995; Mumtaz et al. 2012a; Sweeney and Gearhart 

2020).  PBPK models have been developed for both organic and inorganic pollutants (Ruiz et al. 2011) 

and are increasingly used in risk assessments, primarily to predict the concentration of potentially toxic 

moieties of a chemical that will be delivered to any given target tissue following various combinations of 

route, dose level, and test species (Mumtaz et al. 2012b; Ruiz et al. 2011; Sweeney and Gearhart 2020; 

Tan et al. 2020).  PBPK models can also be used to more accurately extrapolate from animal to human, 

high dose to low dose, route to route, and various exposure scenarios and to study pollutant mixtures (El-

Masri et al. 2004).  Physiologically based pharmacodynamic (PBPD) models use mathematical 

descriptions of the dose-response function to quantitatively describe the relationship between target tissue 

dose and toxic endpoints (Clewell 1995). 

 

3.1.5.1 Summary of PBPK/PD Models 
 

Several rodent and human PBPK models have been used to predict the absorption (oral, inhalation, and 

dermal) from water and air, distribution, metabolism, and excretion of chloroform (Chinery and Gleason 

1993; Corley et al. 1990, 2000; Evans et al. 2020; Gearhart et al. 1993; Haddad et al. 2006; Norman et al. 

2008; Reitz et al. 1990; Roy et al. 1996a, 1996b; Sarangapani et al. 2002).  Steady-state solutions to 

chloroform PBPK models for predicting steady-state blood levels have also been reported (Aylward et al. 

2010).  Some of the above models have been used to support interspecies extrapolation of biologically 
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based dose response models (Conolly and Butterworth 1995; Luke et al. 2010; Pelekis et al. 2001; Sasso 

et al. 2013; Smith et al. 1995; Tan et al. 2003) or to evaluate the relative contributions of dermal, 

inhalation, and oral exposure pathways to internal doses of chloroform from environmental exposures 

such as showering (Haddad et al. 2006; Lyons et al. 2008; Tan et al. 2006, 2007).  Population-based 

models have been developed that account for parameter variability and uncertainty (Delic et al. 2000; 

Yang et al. 2010). 

 

In a PBPK model that used simulations with mice, rats, and humans (Corley et al. 1990), the tissue 

delivered dose from equivalent concentrations of chloroform was highest in the mouse, followed by rats, 

and then humans.  The study authors suggested that this behavior is predicted by the model because of the 

lower relative rates of metabolism, ventilation, and cardiac output (per kg of body weight) in the larger 

species.  Assuming equivalent target doses produce equivalent toxicities in target tissues, the relative 

sensitivities of the three species used in the study (mouse > rat > human) predicted by the model under 

identical exposure conditions are quite different from the relative sensitivity to chloroform assumed by 

the “uncertainty factor.” 

 

In a PBPK/PD model based closely on the Corley model, Reitz et al. (1990) described a 

pharmacodynamic endpoint (cytotoxicity) in the livers of chloroform-exposed animals produced by 

phosgene, the reactive metabolite of chloroform. 

 

In gas-uptake experiments, Gearhart et al. (1993) demonstrated a dose-dependent decrease in core body 

temperature with increased inhaled concentrations of chloroform.  The decrease in body temperature 

could account for decreased in vivo chloroform metabolism, partition coefficients, pulmonary ventilation, 

and cardiac output rates in mice. 

 

Chinery and Gleason (1993) used a shower model for chloroform-contaminated water to predict breath 

concentration (as a quantifiable function of tissue dose) and actual absorbed dose from a measured water 

supply concentration following exposure while showering.  The model’s predictions demonstrated that 

dose information based only on dermal absorption (without considering an inhalation component) may 

underestimate actual dose to target organs in dosimetric assessment for chloroform in water supplies 

during showering.  The model also predicted a steady-state stratum corneum permeability of chloroform 

in human skin in the range of 0.16–0.36 cm/hour, with the most likely value being 0.2 cm/hour.  The 

study authors suggested that the results predicted by this model could be used to estimate household 

exposures to chloroform or other exposures which include dermal absorption. 
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McKone (1993) demonstrated that chloroform in shower water had an average effective dermal 

permeability between 0.16 and 0.42 cm/hour for a 10-minute shower.  The model predicted that the ratio 

of chloroform dermally absorbed in the shower (relative to chloroform-contaminated water concentration) 

ranged between 0.25 and 0.66 mg per mg/L.  In addition, the McKone model demonstrated that 

chloroform metabolism by the liver was not linear across all dermal/inhalation exposure concentrations 

and became nonlinear at higher (60–100 mg/L) dose concentrations. 

 

3.1.5.2 Chloroform PBPK Model Comparison 
 

Several chloroform PBPK models that describe the disposition of chloroform in animals and humans have 

been identified from the open literature (from the early 1980s to 1994).  Based on the information 

presented in these models, there is evidence to suggest that PBPK models for chloroform are fairly 

refined and have the potential for use in human health risk assessments when key conditions are met (e.g., 

exposure route and duration, evaluated species, target tissue). 

 

The PBPK model developed by Corley et al. (1990) has provided a basic model for the fate of chloroform 

in humans and laboratory animals.  The Corley et al. (1990) model has been modified in various ways for 

use in dosimetry extrapolation and exposure pathway apportionment studies (Corley et al. 2000; Delic et 

al. 2000; Liao et al. 2007; Norman et al. 2008; Roy et al. 1996a, 1996b; Sarangapani et al. 2002; Sasso et 

al. 2013; Yang et al. 2010).  The models of Corley et al. (1990) and Reitz et al. (1990) have described 

several aspects of chloroform metabolism and disposition in laboratory animals and humans; however, 

they do not address the dermal routes of exposure. 

 

The models of McKone (1993), Chinery and Gleason (1993), and Corley et al. (2000) address both the 

inhalation and dermal exposure routes in humans.  Several different approaches to modeling the skin have 

been reported, including single-compartment, well-mixed models (Corley et al. 2000; McKone 1993), 

multicompartment skin models (Chinery and Gleason 1993; Norman et al. 2008; Roy et al. 1996a, 

1996b), and membrane diffusion models (Norman et al. 2008).  Further discussion of each model and its 

application in human risk assessments is presented below. 
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Table A-4.  Periosteal Proliferation and Endoturbinate Width in Male Rats 
Following Inhalation Exposure to Chloroform for 7 Days (6 Hours/Day) 

 
 Analytical concentration (ppm) 

Endpointa 0 1.5 3.1 10.4 29.3 100 271 
Width of 
central 
turbinate 
(µm) 

41±12 (5) 45±17 (5) 40±9 (5) 61±17b (5) 51±16b (5) 66±8b (5) 68±10b (5) 

 
aMean±SD (number of animals). 
bp<0.05, as reported by the study authors. 
 
SD = standard deviation 
 
Source: Mery et al. 1994 
 
Table A-5.  Periosteal Proliferation in Female Mice Following Inhalation Exposure 

to Chloroform for 7 Days (6 Hours/Day) 
 

 Analytical concentration (ppm) 
Endpointa 0 1.2 3 10 29.5 101 288 
Labelled cells in nasal turbinate  

Proximal  19±11 (5) 31±32 (5) 63±34 (5) 360±94b (5) 190±130b (5) 190±100b (5) 330±70b (5) 
Distal 14±11 (5) 21±12 (5) 15±10 (5) 82±42b (5) 54±48b (5) 77±24b (5) 100±30b (5) 
Ventral 31±23 (5) 95±130 (5) 110±140 (5) 310±49b (5) 230±140b (5) 260±160b (5) 370±130b (5) 
Dorsal 21±13 (5) 36±69 (5) 27±14 (5) 200±11b (5) 120±74b (5) 110±140b (5) 220±140b (5) 

 
aMean±SD (number of animals). 
bp<0.05, as reported by the study authors. 
 
SD = standard deviation 
 
Source: Mery et al. 1994 
 
Table A-6.  Periosteal Proliferation in Male Rats Following Inhalation Exposure to 

Chloroform for 4 Days (6 Hours/Day) 
 

 Concentration (ppm) 
Endpointa 0 2 10 30 90 300 
Proximal turbinate 
labeling index  

30±15 (5) 
 

24±11 (5) 
 

490±99b (5) 
 

566±155b (5) 
 

752±74b (5) 
 

809±48b (5) 
 

 
aMean±SD, estimated from graphically presented data using GrabIt! software (number of animals). 
bp<0.05, as reported by the study authors. 
 
SD = standard deviation 
 
Source: Templin et al. 1996b 
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Details of the modeling results for the model predictions for relative liver weight in female mice reported 
by Larson et al. (1994c) are in Table A-7.  The frequentist, restricted, Exponential 5 model was selected 
based on the selection criteria outlined above.  No adequate models were identified for connective tissue 
or periosteal cell proliferation in mice following exposure for 4 days (Larson et al. 1996) or periosteal cell 
proliferation in rats following exposure for 4 days (Templin et al. 1996b) or 7 days (Mery et al. 1994) 
because they failed to meet conventional goodness-of-fit criteria using constant or nonconstant variance.  
While statistical model fits were identified for increased width of the central turbinate in rats exposed for 
7 days and distal turbinate labeling index in mice exposed for 7 days, inspection of the recommended and 
alternate models showed poor visual fit, particularly in the low-exposure region of the curves. 
 
Table A-7.  Results from Benchmark Dose (BMD) Analysis (Constant Variance) of 

Relative Liver Weight in Female Mice Following Inhalation Exposure to 
Chloroform for 7 Days (6 Hours/Day) (Larson et al. 1994c) 

 

Model 
BMC1SD

a 

(ppm) 
BMCL1SD

a 

(ppm) p-Valueb AIC 

Scaled residualsc 
Dose below 
BMC 

Dose above 
BMC 

Exponential (model 3)d   0.001 116.36 3.07 -0.84 
Exponential (model 5)d,e 16.72 9.89 0.49 101.74 0.64 -0.82 
Hillf 13.97 6.94 0.43 102.16 0.46 -1.03 
Polynomial (3-degree)f   0.004 113.93 0.46 2.86 
Polynomial (2-degree)f   0.004 113.93 0.46 2.86 
Power    0.004 113.93 0.46 2.86 
Linear   0.004 113.93 0.46 2.86 
 
aBMC and BMCLs values for models that do not provide adequate fit are not included in this table. 
bValues <0.1 fail to meet conventional χ2 goodness-of-fit criteria. 
cScaled residuals at doses immediately below and above the BMC. 
dPower restricted to ≥1. 
eSelected model.  The constant variance model provided an adequate fit.  Only the Exponential 5 and Hill models 
provided an adequate fit to the means.  BMCLs were sufficiently close (differed by <3-fold).  Therefore, the model 
with the lowest AIC was selected (Exponential 5). 
fCoefficients restricted to be positive. 
 
AIC = Akaike Information Criterion; BMC = benchmark concentration (maximum likelihood estimate of the 
concentration associated with the selected benchmark response); BMCL = 95% lower confidence limit on the BMC 
(subscripts denote benchmark response: i.e., 1SD = exposure dose associated with a change of 1 standard deviation 
from the control); NA = not applicable 
 
In order to accurately compare candidate PODs across different species and target tissues, POD values 
were converted into human equivalent concentrations (HECs).  For systemic (hepatic) effects, exposure 
was not adjusted for continuous exposure because data provided by the PBPK model by Corley et al. 
(1990) demonstrate that the arterial blood concentration (CA) of chloroform in the mouse exposed to 
chloroform for 6 hours reached “periodicity” (the pattern of repeated increases and decreases in arterial 
blood concentration that occurs when steady state is achieved during repeated intermittent exposures) 
within 15 minutes following exposure (Table A-8).  Therefore, adjustment from 6 hours to 24 hours is not 
required. 
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Table A-8.  Corley PBPK Model for Chloroform to Simulate 6-Hour Inhalation 
Exposure in Mice 

 
Time (hours) Blood concentration (CA) (mg/L) 
0.00 0.014 
0.25 0.040 
0.50 0.041 
0.75 0.041 
1.25 0.042 
1.50 0.042 
1.75 0.042 
2.00 0.042 
2.25 0.042 
2.50 0.042 
3.375 0.042 
4.5 0.042 
5.625 0.042 
6.75 (post-exposure) 0.0006 
 
Source: Corley et al. (1990) in the Scop version (courtesy of Dr. Nancy Chiu, EPA) 
 
The NOAELs for hepatic effects in mice reported by Larson et al. (1994c, 1996) were converted into 
NOAELHEC values using guidance from EPA (1994) on dosimetric adjustments for systemic effects using 
the ratio of animal:human blood gas partition coefficients.  In the case of chloroform, using reported 
blood:air partition coefficients of 21.3 for the mouse and 7.34 for the human (Corley et al. 1990) provides 
a ratio of mouse: human partition coefficients >1; therefore, a default value of 1 is used to derive the 
NOAELHEC. 
 
Larson et al. (1994c), 7-day mouse study (increased relative liver weight): 
 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐻𝐻𝐻𝐻𝐻𝐻 = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 ×  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

  = 9.9 𝑝𝑝𝑝𝑝𝑝𝑝 ×  1 = 9.9 𝑝𝑝𝑝𝑝𝑝𝑝 
 
Larson et al. (1996), 4-day mouse study (hepatic lesions): 
 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 ×  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

  = 2 𝑝𝑝𝑝𝑝𝑝𝑝 ×  1 = 2 𝑝𝑝𝑝𝑝𝑝𝑝 
 
 
The candidate POD values for nasal effects were adjusted to continuous exposure because kinetic data 
reported by Sarangapani et al. (2002) indicate that the periodicity reported by Corley et al. (1990) is not 
applicable to nasal tissue exposures.  Using a PBPK model, Sarangapani et al. (2002) showed a steeper 
external exposure-internal dose relationship for the nasal compartment compared to the hepatic 
compartment.  This steeper dose relationship is driven by the tissue:air partition coefficient and is 
relatively insensitive to the blood perfusion rate or other systemic parameters.  Additionally, longer-
duration studies indicate increased severity of nasal lesions with increased duration of exposure, which 
further supports duration-adjustment for nasal effects.  Since the nasal bone effects and olfactory neuron 
loss are presumably due to portal-of-entry effects, extrathoracic HEC calculations were applied for these 
endpoints as well. 
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documents cited in older versions of the profile) was performed.  From those 191 documents 
(258 studies), 88 documents (137 studies) were included in the qualitative review. 
 
C.3  EXTRACT DATA FROM HEALTH EFFECTS STUDIES 
 
Relevant data extracted from the individual studies selected for inclusion in the systematic review were 
collected in customized data forms.  A summary of the type of data extracted from each study is presented 
in Table C-2.  For references that included more than one experiment or species, data extraction records 
were created for each experiment or species.   
 

Table C-2.  Data Extracted from Individual Studies 
 

Citation 
Chemical form 
Route of exposure (e.g., inhalation, oral, dermal) 

 Specific route (e.g., gavage in oil, drinking water) 
Species 

 Strain 
Exposure duration category (e.g., acute, intermediate, chronic) 
Exposure duration 

 Frequency of exposure (e.g., 6 hours/day, 5 days/week) 
 Exposure length 

Number of animals or subjects per sex per group  
Dose/exposure levels 
Parameters monitored 
Description of the study design and method 
Summary of calculations used to estimate doses (if applicable) 
Summary of the study results 
Reviewer’s comments on the study 
Outcome summary (one entry for each examined outcome) 

 No-observed-adverse-effect level (NOAEL) value 
 Lowest-observed-adverse-effect level (LOAEL) value 
 Effect observed at the LOAEL value 

 
A summary of the extracted data for each study is presented in the Supplemental Document for 
Chloroform and overviews of the results of the inhalation, oral, and dermal exposure studies are presented 
in Sections 2.2–2.19 of the profile and in the Levels Significant Exposures tables in Section 2.1 of the 
profile (Tables 2-1, 2-2, and 2-3, respectively). 
 
C.4  IDENTIFY POTENTIAL HEALTH EFFECT OUTCOMES OF CONCERN  
 
Overviews of the potential health effect outcomes for chloroform identified in human and animal studies 
are presented in Tables C-4 and C-5, respectively.  Available human studies evaluating noncancer effects 
include numerous case studies and case-series reports, a limited number of occupational exposure studies, 
and general population exposure studies (primarily focusing on exposure to chloroform as a disinfection 
byproduct in residential water supplies).  When evaluated together, these studies suggest that the 
respiratory, hepatic, renal, and neurological systems and the developing fetus may be susceptible to 
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chloroform toxicity.  Animal studies evaluated a comprehensive set of endpoints following inhalation and 
oral exposure; dermal studies were limited to two acute-duration studies evaluating a limited number of 
endpoints.  Respiratory and hepatic effects were considered sensitive outcomes following inhalation 
exposure in animals, and hepatic, renal, and developmental effects were considered sensitive outcomes 
following oral exposure in animals (i.e., effects were observed at low concentrations or doses; see 
Tables 2-1 and 2-2 and Figures 1-3, 1-4, 2-1, and 2-2 for further detail).  Based on effects noted in human 
and animal studies, epidemiological and experimental studies examining these respiratory, hepatic, renal, 
neurological, and developmental outcomes were carried through to Steps 4–8 of the systematic review.  
Case studies and case-series reports were not included in the formal systematic review due to inherent 
high risk of bias and low confidence based on study design.  However, consistent findings from numerous 
case studies were considered during the adjustment of the confidence rating (with regards to consistency 
and/or severity of observed effects).  There were 136 studies (published in 88 documents) examining 
these potential outcomes carried through to Steps 4–8 of the systematic review.   
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Table C-3.  Overview of the Health Outcomes for Chloroform Evaluated in Human Studies 
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Inhalation studies               
 Cohort   1 2   3 1    1 2   1  
   1 2   1 0    1 2   1  
 Case-control  6 4 4 1 3 13 3    1 3  1  10 
  6 4 4 1 3 13 3    1 3  0  2 
 Population  1     1 1    1      
  0     0 0    0      
 Case series   2 3 1  4      2     
   2 3 1  3      2     
Oral studies                
 Cohort              6 15  3 
              2 3  3 
 Case-control  5 4 4 2 1 12 4    1 9 3 6 1 8 
  5 4 4 2 1 12 4    1 9 0 3 1 3 
 Population     1  1 1      2 2 1 2 
     1  1 1      0 1 1 0 
 Case series                  
                  
Dermal studies                
 Cohort                  
                  
 Case-control    1   1  6    1     
    1   1  6    1     
 Population                  
                  
 Case series                  
                  
Number of studies examining endpoint 0 1 2 3 4 5–9 ≥10        
Number of studies reporting outcome 0 1 2 3 4 5–9 ≥10        
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Table C-4.  Overview of the Health Outcomes for Chloroform Evaluated in Experimental Animal Studies 
 

  

Bo
dy

 w
ei

gh
t 

R
es

pi
ra

to
ry

 

C
ar

di
ov

as
cu

la
r 

G
as

tro
in

te
st

in
al

 

H
em

at
ol

og
ic

al
 

M
us

cu
lo

sk
el

et
al

 

H
ep

at
ic

 

R
en

al
 

D
er

m
al

 

O
cu

la
r 

En
do

cr
in

e 

Im
m

un
ol

og
ic

al
a 

N
eu

ro
lo

gi
ca

la 

R
ep

ro
du

ct
iv

ea 

D
ev

el
op

m
en

ta
l 

O
th

er
 N

on
ca

nc
er

 

C
an

er
 

Inhalation studies              
 Acute-duration 14 9     11 11    6 8 7 6   
 9 8     10 9    3 8 5 6   
 Intermediate-duration 15 10 4 4 2 8 15 15 2 4 4 6 4 6    
 7 6 0 0 0 0 14 12 0 0 0 0 0 0    
 Chronic-duration 3 2 2 2 2 2 2 3 2 2 2 2 2 2   3 
 2 2 0 0 0 0 2 3 0 0 0 0 0 0   1 
Oral studies                
 Acute-duration 21 3 1 3 3  22 18 2 1  1 7 3 5  1 
 12 3 1 1 2  19 14 2 1  1 7 3 4   
 Intermediate-duration 22 8 4 8 6 2 19 16  2 5 6 7 5 4  7 
 8 3 1 1 1 0 15 6  0 1 1 1 1 2  3 
 Chronic-duration 10 3 3 2 4 2 4 7 2 1 2 2 4 3   9 
 4 1 1 0 0 0 3 3 0 0 0 0 0 0   7 
Dermal studies               
 Acute-duration 1      1 1 2         
 1      0 1 2         
 Intermediate-duration                  
                  
 Chronic-duration                  
                  
Number of studies examining endpoint 0 1 2 3 4 5–9 ≥10        
Number of studies reporting outcome 0 1 2 3 4 5–9 ≥10        
 
aNumber of studies examining endpoint includes study evaluating histopathology, but not evaluating function. 
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C.5  ASSESS THE RISK OF BIAS FOR INDIVIDUAL STUDIES 
 
C.5.1  Risk of Bias Assessment 
 
The risk of bias of individual studies was assessed by reviewers using the guidelines provided in OHAT’s 
Risk of Bias Tool (NTP 2015).  The risk of bias questions for observational epidemiology studies, 
human-controlled exposure studies, and animal experimental studies are presented in Tables C-6, C-7, 
and C-8, respectively.  Each risk of bias question was answered on a four-point scale: 
 

• Definitely low risk of bias (++) 
• Probably low risk of bias (+) 
• Probably high risk of bias (-) 
• Definitely high risk of bias (– –) 
 

In general, “definitely low risk of bias” or “definitely high risk of bias” were used if the question could be 
answered with information explicitly stated in the study report.  If the response to the question could be 
inferred, then “probably low risk of bias” or “probably high risk of bias” responses were typically used.   
 

Table C-5.  Risk of Bias Questionnaire for Observational Epidemiology Studies 
 

Selection bias 
 Were the comparison groups appropriate? 
Confounding bias 
 Did the study design or analysis account for important confounding and modifying variables? 
Attrition/exclusion bias 
 Were outcome data complete without attrition or exclusion from analysis? 
Detection bias 
 Is there confidence in the exposure characterization? 
 Is there confidence in outcome assessment? 
Selective reporting bias 
 Were all measured outcomes reported? 
 

Table C-6.  Risk of Bias Questionnaire for Human-Controlled Exposure Studies 
 

Selection bias 
 Was administered dose or exposure level adequately randomized? 
 Was the allocation to study groups adequately concealed? 
Performance bias 
 Were the research personnel and human subjects blinded to the study group during the study? 
Attrition/exclusion bias 
 Were outcome data complete without attrition or exclusion from analysis? 
Detection bias 
 Is there confidence in the exposure characterization? 
 Is there confidence in outcome assessment? 
Selective reporting bias 
 Were all measured outcomes reported? 
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Table C-7.  Risk of Bias Questionnaire for Experimental Animal Studies 

 
Selection bias 
 Was administered dose or exposure level adequately randomized? 
 Was the allocation to study groups adequately concealed? 
Performance bias 
 Were experimental conditions identical across study groups? 
 Were the research personnel blinded to the study group during the study? 
Attrition/exclusion bias 
 Were outcome data complete without attrition or exclusion from analysis? 
Detection bias 
 Is there confidence in the exposure characterization? 
 Is there confidence in outcome assessment? 
Selective reporting bias 
 Were all measured outcomes reported?  
 
After the risk of bias questionnaires were completed for the health effects studies, the studies were 
assigned to one of three risk of bias tiers based on the responses to the key questions listed below and the 
responses to the remaining questions.   
 

• Is there confidence in the exposure characterization? (only relevant for observational studies) 
• Is there confidence in the outcome assessment?  
• Does the study design or analysis account for important confounding and modifying variables? 

(only relevant for observational studies) 
 

First Tier.  Studies placed in the first tier received ratings of “definitely low” or “probably low” risk of 
bias on the key questions AND received a rating of “definitely low” or “probably low” risk of bias on the 
responses to at least 50% of the other applicable questions. 
 
Second Tier.  A study was placed in the second tier if it did not meet the criteria for the first or third tiers. 
 
Third Tier.  Studies placed in the third tier received ratings of “definitely high” or “probably high” risk of 
bias for the key questions AND received a rating of “definitely high” or “probably high” risk of bias on 
the response to at least 50% of the other applicable questions. 
 
The results of the risk of bias assessment for the different types of chloroform health effects studies 
(observational epidemiology and animal experimental studies) are presented in Tables C-9 and C-10, 
respectively. 
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Table C-8.  Summary of Risk of Bias Assessment for Chloroform—Observational Epidemiology Studies 
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exclusion 

bias 
Detection bias Selective 

reporting bias 

      

W
er

e 
th

e 
co

m
pa

ris
on

 
gr

ou
ps

 a
pp

ro
pr

ia
te

? 

D
id

 th
e 

st
ud

y 
de

si
gn

 o
r 

an
al

ys
is

 a
cc

ou
nt

 fo
r 

im
po

rt
an

t c
on

fo
un

di
ng

 
an

d 
m

od
ify

in
g 

va
ria

bl
es

?*
 

W
er

e 
ou

tc
om

e 
da

ta
 

co
m

pl
et

e 
w

ith
ou

t a
ttr

iti
on

 o
r 

ex
cl

us
io

n 
fro

m
 a

na
ly

si
s?

 

Is
 th

er
e 

co
nf

id
en

ce
 in

 th
e 

ex
po

su
re

 
ch

ar
ac

te
riz

at
io

n?
* 

Is
 th

er
e 

co
nf

id
en

ce
 in

 th
e 

ou
tc

om
e 

as
se

ss
m

en
t?

* 

W
er

e 
al

l m
ea

su
re

d 
ou

tc
om

es
 re

po
rte

d?
 

      
      
      

  Reference 
Outcome:  Respiratory effects               
 Cross-sectional studies        
  Font-Ribera et al. 2010 + – + + ++ ++ Second 
Outcome:  Hepatic effects        
 Cohort studies        
  Aiking et al. 1994 + – + + – ++ Second 

  Bomski et al. 1967 + – – – – – Third 

  Challen et al. 1958 + + + + + + First 

  Li et al. 1993 + – – + – – Second 
Outcome:  Renal effects        
 Cohort studies        
  Aiking et al. 1994 + – + + – ++ Second 

  Li et al. 1993 + – – + – – Second 
Outcome:  Neurological effects        
 Cohort studies        
  Challen et al. 1958 + + + + – + Second 

  Li et al. 1993 + – – + + – Second 
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Table C-8.  Summary of Risk of Bias Assessment for Chloroform—Observational Epidemiology Studies 
  

      Risk of bias criteria and ratings 

Risk of bias tier 

      

Selection 
bias 

Confounding 
bias 

Attrition / 
exclusion 

bias 
Detection bias Selective 

reporting bias 

      

W
er

e 
th

e 
co

m
pa

ris
on

 
gr

ou
ps

 a
pp

ro
pr

ia
te

? 

D
id

 th
e 

st
ud

y 
de

si
gn

 o
r 

an
al

ys
is

 a
cc

ou
nt

 fo
r 

im
po

rt
an

t c
on

fo
un

di
ng

 
an

d 
m

od
ify

in
g 

va
ria

bl
es

?*
 

W
er

e 
ou

tc
om

e 
da

ta
 

co
m

pl
et

e 
w

ith
ou

t a
ttr

iti
on

 o
r 

ex
cl

us
io

n 
fro

m
 a

na
ly

si
s?

 

Is
 th

er
e 

co
nf

id
en

ce
 in

 th
e 

ex
po

su
re

 
ch

ar
ac

te
riz

at
io

n?
* 

Is
 th

er
e 

co
nf

id
en

ce
 in

 th
e 

ou
tc

om
e 

as
se

ss
m

en
t?

* 

W
er

e 
al

l m
ea

su
re

d 
ou

tc
om

es
 re

po
rte

d?
 

      
      
      

  Reference 
Outcome:  Developmental effects       
 Cohort studies        
  Botton et al. 2015 + – ++ + + ++ Second 

  Cao et al. 2016 + – ++ ++ + ++ Second 
  Costet et al. 2011 + – ++ + + ++ Second 

  Dodds and King 2001 + – – – + ++ Second 

  Grazuleviciene et al. 2011 + – ++ ++ + ++ Second 

  Grazuleviciene et al. 2013 + – ++ ++ + ++ Second 

  Hinckley et al. 2005 + – ++ – + ++ Second 
  Hoffman et al. 2008 + – ++ – + ++ Second 
  Liu et al. 2021 + – ++ + + + Second 

  
Rivera-Núñez and Wright 
2013 

+ + + – + ++ Second 

  Sun et al. 2020 + – ++ + + ++ Second 

  Villanueva et al. 2018 + – ++ ++ ++ ++ Second 

  Villanueva et al. 2011 – – ++ – + ++ Second 
  Zhu et al. 2022 + – ++ –  + ++ Second 
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Table C-8.  Summary of Risk of Bias Assessment for Chloroform—Observational Epidemiology Studies 
  

      Risk of bias criteria and ratings 

Risk of bias tier 
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  Reference 
 Population studies        
  Porter et al. 2005 + – ++ – + – Second 

  Wright et al. 2004 + – ++ – + ++ Second 
 Case-control studies        
  Bonou et al. 2017 ++ – ++ + + ++ Second 

  Kaufman et al. 2018 ++ – ++ – ++ ++ Second 

  Kaufman et al. 2020 ++ – ++ – ++ ++ Second 

  Kramer et al. 1992 – – ++ – – – Third 
  Levallois et al. 2012 + – ++ + + ++ Second 

  Summerhayes et al. 2012 + – ++ – + ++ Second 

  Swartz et al. 2015a, 2015b + ++ ++ – + ++ Second 
  Zaganjor et al. 2020 + – ++ + ++ ++ Second 
 
++ = definitely low risk of bias; + = probably low risk of bias; – = probably high risk of bias; – – = definitely high risk of bias  
 
*Key question  
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 
Outcome: Respiratory effects            
 Inhalation acute-duration exposure          
  Constan et al. 1999 (Sv/129 mice) + + ++ ++ ++ ++ ++ ++ First 

  Constan et al. 1999 (B6C3F1 mice) + + ++ ++ ++ ++ ++ ++ First 

  de Oliveira et al. 2015 – + ++ + ++ + + ++ First 

  Kasai et al. 2002 (rat) – + ++ + ++ ++ + – First 

  Larson et al. 1994c; Mery et al. 1994 (mouse) – + ++ + ++ + + ++ First 

  Larson et al. 1994c; Mery et al. 1994 (rat) – + ++ + ++ + + ++ First 

  Larson et al. 1996 – + ++ + ++ + + ++ First 

  Templin et al. 1996b (4 days) – + ++ + ++ + + ++ First 
 Inhalation intermediate-duration exposure          
  Kasai et al. 2002 (mouse) – + ++ + ++ ++ + – First 

  Kasai et al. 2002 (rat) – + ++ + ++ ++ + – First 

  Larson et al. 1996 (13 weeks; 5 days/week) – + ++ + ++ – + ++ First 

  Larson et al. 1996 (13 weeks; 7 days/week) – + ++ + ++ + + ++ First 

  Larson et al. 1996 (3 weeks) – + ++ + ++ + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Larson et al. 1996 (6 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (13 weeks; 5 days/week) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (13 weeks; 7 days/week) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (3 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (6 weeks) – + ++ + ++ + + ++ First 

 Inhalation chronic-duration exposure          
  Yamamoto et al. 2002 (mouse) – + ++ + ++ ++ + + First 

  Yamamoto et al. 2002 (rat) – + ++ + ++ ++ + + First 

 Oral acute-duration exposure          
  Larson et al. 1995b + + ++ + ++ + + + First 

  Templin et al. 1996a (Fischer 344) + + ++ + ++ + + ++ First 

  Templin et al. 1996a (Osborne-Mendel) + + ++ + ++ + + ++ First 

 Oral intermediate-duration exposure          
  Chu et al. 1982a – + + + – + + – First 

  Chu et al. 1982b – + + + + + + + First 

  Dorman et al. 1997 – – + – + – + + + First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  NTP 1988a ++ + ++ + ++ + + ++ First 

  EPA 1980 (mouse) ++ + – + + + + ++ First 

  EPA 1980 (rat) ++ + – + + + + ++ First 

  Larson et al. 1995b + + ++ + ++ + ++ + First 

  Sehata et al. 2002 (CB6F1) – + ++ + + + ++ ++ First 

 Oral chronic-duration exposure          
  Dunnick and Melnick 1993; NCI 1976 (mouse) + + ++ + ++ ++ + ++ First 

  Dunnick and Melnick 1993; NCI 1976 (rat) + + ++ + ++ ++ + ++ First 

    Roe et al. 1979 (Experiment 1) + + – + – ++ – + Second 
Outcome: Liver effects           
 Inhalation acute-duration exposure          
  Baeder and Hofmann 1988 – + ++ + ++ + – ++ Second 

  Constan et al. 1999 (Sv/129 mice) + + ++ + ++ + + ++ First 

  Constan et al. 1999 (B6C3F1 mice) + + ++ + ++ + + ++ First 

  Kasai et al. 2002 (rat) – + ++ + ++ ++ + ++ First 

  Larson et al. 1994c; Mery et al. 1994 (mouse) – + ++ + ++ + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Larson et al. 1994c; Mery et al. 1994 (rat) – + ++ + ++ + + ++ First 

  Larson et al. 1996 – + ++ + ++ + + ++ First 

  Templin et al. 1996b (4 days) – + ++ + ++ + + ++ First 

  Templin et al. 1996c (2 weeks) + + ++ + + + + ++ First 

  Templin et al. 1996c (4 days) + + ++ + + + + ++ First 

 Inhalation intermediate-duration exposure          
  Kasai et al. 2002 (rat) – + ++ + ++ ++ + ++ First 

  Larson et al. 1996 (13 weeks; 5 days/week) – + ++ + ++ – + ++ First 

  Larson et al. 1996 (13 weeks; 7 days/week) – + ++ + ++ + + ++ First 

  Larson et al. 1996 (3 weeks) – + ++ + ++ + + ++ First 

  Larson et al. 1996 (6 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (13 weeks; 5 days/week) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (13 weeks; 7 days/week) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (3 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (6 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1998 (13 weeks) + + ++ + ++ + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Templin et al. 1998 (3 weeks) + + ++ + ++ + + ++ First 

  Templin et al. 1998 (7 weeks) + + ++ + ++ + + ++ First 

  Torkelson et al. 1976 (rat 1–4 hours/day) – + ++ + – ++ + ++ First 

  Torkelson et al. 1976 (rat 7 hours/day) – + ++ + – ++ + ++ First 

 Inhalation chronic-duration exposure          
  Yamamoto et al. 2002 (mouse) – + ++ + ++ ++ ++ + First 

  Yamamoto et al. 2002 (rat) – + ++ + ++ ++ ++ + First 

 Oral acute-duration exposure          
  Chu et al. 1982b – + ++ + – + + + First 
  Ewaid et al. 2020 + + – + – + + + First 

  Jones et al. 1958 – – + – + – – + + Second 

  Keegan et al. 1998 – + ++ + ++ + ++ ++ First 

  Larson et al. 1993 (mouse) + + ++ + ++ + + + First 

  Larson et al. 1993 (rat) + + ++ + ++ + + + First 

  Larson et al. 1994b (GO) + + + + + + + + First 

  Larson et al. 1994b (W) + + + + + + + + First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Larson et al. 1994d + + ++ + + + + + First 

  Larson et al. 1995a (DW) + + ++ + + + + + First 

  Larson et al. 1995a (G) + + ++ + + + + + First 

  Larson et al. 1995b + + ++ + ++ + + + First 

  Lilly et al. 1997 – + ++ + ++ + ++ + First 

  Miyagawa et al. 1998 – + + + + – + + First 

  Moore et al. 1982 (G) + + + + + – + ++ First 

  Moore et al. 1982 (GO) + + + + + – + ++ First 

  Munson et al. 1982 – + + + – – ++ + First 

  Templin et al. 1996a (Fischer 344) + + ++ + ++ + + ++ First 

  Templin et al. 1996a (Osborne-Mendel) + + ++ + ++ + + ++ First 

  Thompson et al. 1974 (Experiment 2, 6 F) – + + + ++ – + + First 

  Wada et al. 2015 + + + + ++ + + ++ First 

  Wang et al. 1997 – + ++ + ++ – ++ ++ First 

 Oral intermediate-duration exposure          
  Bull et al. 1986 (GO) + + ++ + + – + + First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Bull et al. 1986 (GW) + + ++ + + – + + First 

  Chu et al. 1982a – + + + – – + ++ First 

  Chu et al. 1982b – + + + + – + + First 

  Eschenbrenner and Miller 1945 – + + + + – – + Second 

  NTP 1988a ++ + ++ + ++ + + ++ First 

  Heywood et al. 1979 – + + + + – + – First 

  EPA 1980 (mouse) ++ + – + + + + ++ First 

  EPA 1980 (rat) ++ + – + + + + ++ First 

  Larson et al. 1994b (GO) + + + + + + + + First 

  Larson et al. 1994b (W) + + + + + + + + First 

  Larson et al. 1994d + + ++ + + + + ++ First 

  Larson et al. 1995a (GO) + + ++ + + + + + First 

  Larson et al. 1995a (W) + + ++ + + + + + First 

  Larson et al. 1995b + + ++ + ++ + + + First 

  Melnick et al. 1998 – + ++ + + + + ++ First 

  Mostafa et al. 2009 – + – – + ++ – + + First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Munson et al. 1982 – + + + – – + + First 

  Sehata et al. 2002 (CB6F1) – + ++ + + + ++ ++ First 

 Oral chronic-duration exposure          
  Heywood et al. 1979 – + + + – ++ – ++ Second 

  Dunnick and Melnick 1993; NCI 1976 (mouse) + + ++ + ++ + + ++ First 

  Dunnick and Melnick 1993; NCI 1976 (rat) + + ++ + ++ + + ++ First 

    Roe et al. 1979 (Experiment 1) + + – + – ++ + + First 
Outcome:  Kidney effects          
 Inhalation acute-duration exposure          
  Baeder and Hofmann 1988 – + ++ + ++ + – ++ Second 

  Constan et al. 1999 (Sv/129 mice) + + ++ + ++ + + ++ First 

  Constan et al. 1999 (B6C3F1 mice) + + ++ + ++ + + ++ First 

  Kasai et al. 2002 (rat) – + ++ + ++ ++ + ++ First 

  Larson et al. 1994c; Mery et al. 1994 (mouse) – + ++ + ++ + + ++ First 

  Larson et al. 1994c; Mery et al. 1994 (rat) – + ++ + ++ + + ++ First 

  Larson et al. 1996 – + ++ + ++ + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Templin et al. 1996b (4 days) – + ++ + ++ + + ++ First 

  Templin et al. 1996c (2 weeks) + + ++ + + + + ++ First 

  Templin et al. 1996c (4days) + + ++ + + + + ++ First 

 Inhalation intermediate-duration exposure          
  Kasai et al. 2002 (mouse) – + ++ + ++ ++ + ++ First 

  Kasai et al. 2002 (rat) – + ++ + ++ ++ + ++ First 

  Larson et al. 1996 (13 weeks; 5 days/week) – + ++ + ++ – + ++ First 

  Larson et al. 1996 (13 weeks; 7 days/week) – + ++ + ++ + + ++ First 

  Larson et al. 1996 (3 weeks) – + ++ + ++ + + ++ First 

  Larson et al. 1996 (6 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (13 weeks; 5 days/week) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (13 weeks; 7 days/week) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (3 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (6 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1998 (13 weeks) + + ++ + ++ + + ++ First 

  Templin et al. 1998 (3 weeks) + + ++ + ++ + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Templin et al. 1998 (7 weeks) + + ++ + ++ + + ++ First 

  Torkelson et al. 1976 (rat 1–4 hours/day) – + ++ + – ++ + ++ First 

  Torkelson et al. 1976 (rat 7 hours/day) – + ++ + – ++ + ++ First 

 Inhalation chronic-duration exposure          
  Yamamoto et al. 2002 (mouse) – + ++ + ++ ++ ++ + First 

  Yamamoto et al. 2002 (rat) – + ++ + ++ ++ ++ + First 

 Oral acute-duration exposure          
  Chu et al. 1982b – + ++ + – + + + First 

  Ewaid et al. 2020 + + – + – + + + First 

  Keegan et al. 1998 – + ++ + ++ + + ++ First 

  Larson et al. 1993 (rat) + + ++ + ++ + + + First 

  Larson et al. 1993 (mouse) + + ++ + ++ + + + First 

  Larson et al. 1994b (GO) + + + + + + ++ + First 

  Larson et al. 1994b (W) + + + + + + ++ + First 

  Larson et al. 1994d + + ++ + + + + ++ First 

  Larson et al. 1995a (DW) + + ++ + + + + + First 
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  Reference 

  Larson et al. 1995a (G) + + ++ + + + + + First 

  Larson et al. 1995b + + ++ + ++ + + + First 

  Lilly et al. 1997 – + ++ + ++ + ++ + First 

  Liu et al. 2013 – + + + + – ++ ++ First 

  Miyagawa et al. 1998 – + + + + – + + First 

  Moore et al. 1982 (G) + + + + + – + ++ First 

  Moore et al. 1982 (GO) + + + + + – + ++ First 

  Potter et al. 1996 + + ++ + + – + ++ First 

  Templin et al. 1996a (Fischer 344) + + ++ + ++ + + ++ First 

  Templin et al. 1996a (Osborne-Mendel) + + ++ + ++ + + ++ First 

  Thompson et al. 1974 (Experiment 2, 6 F) – + + + ++ – + + First 

 Oral intermediate-duration exposure          
  Chu et al. 1982a – + + + – – + – Second 

  Chu et al. 1982b – + + + + – + + First 

  NTP 1988a ++ + ++ + ++ + + ++ First 

  Heywood et al. 1979 – + + + + – – – Second 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Hooth et al. 2002; McDorman et al. 2003a, 2003b + + ++ + ++ + + ++ First 

  EPA 1980 (mouse) ++ + – + + + + ++ First 

  EPA 1980 (rat) ++ + – + + + + ++ First 

  Larson et al. 1994b (GO) + + + + + + ++ + First 

  Larson et al. 1994b (W) + + + + + + ++ + First 

  Larson et al. 1994d + + ++ + + + + ++ First 

  Larson et al. 1995a (GO) + + ++ + + + + + First 

  Larson et al. 1995a (W) + + ++ + + + + + First 

  Larson et al. 1995b + + ++ + ++ + + + First 

  Lipsky et al. 1993 (GO) – + ++ + + – + + First 

  Lipsky et al. 1993 (GW) – + ++ + + – + + First 

  Sehata et al. 2002 (CB6F1) – + ++ + + + ++ + First 

 Oral chronic-duration exposure          
  Heywood et al. 1979 – + + + – ++ – ++ Second 

  Hard et al. 2000; Jorgenson et al. 1985 (rat) + + ++ + – ++ ++ ++ First 

  Nagano et al. 2006 + + ++ + + + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Dunnick and Melnick 1993; NCI 1976 (rat) + + ++ + ++ + + ++ First 

  Dunnick and Melnick 1993; NCI 1976 (mouse) + + ++ + ++ + + ++ First 

  Roe et al. 1979 (Experiment 1) + + – + – ++ + ++ First 

    Roe et al. 1979 (Experiment 3) + + – + – ++ + + First 
Outcome:  Neurological effects          
 Inhalation acute-duration exposure          
  Constan et al. 1999 (Sv/129 mice) + – ++ – ++ + – ++ Second  

  Constan et al. 1999 (B6C3F1 mice) + – ++ – ++ + – ++ Second  

  DHA 2022 – + ++ + ++ ++ + ++ First 

  EPA 1978 – + ++ – ++ – – ++ Second  

  Gehring 1968 – + ++ – ++ – – ++ Second  

  Larson et al. 1994c; Mery et al. 1994 (rat) – + ++ + ++ + + ++ First 

  Lehmann and Flury 1943 (cat) – – – – – – – – Third 

  Lehmann and Flury 1943 (mouse) – – – – – – – – Third 
 Inhalation intermediate-duration exposure          
  Larson et al. 1996 (13 weeks; 7 days/week) – + ++ + ++ + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Larson et al. 1996 (3 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (13 weeks) – + ++ + ++ + + ++ First 

  Templin et al. 1996b (3 weeks) – + ++ + ++ + + ++ First 
 Inhalation chronic-duration exposure          
  Yamamoto et al. 2002 (mouse) – + ++ – ++ ++ + + First 

  Yamamoto et al. 2002 (rat) – + ++ – ++ ++ + + First 

 Oral acute-duration exposure          
  Balster and Borzelleca 1982 (14 days) + + + + ++ – ++ ++ First 

  Balster and Borzelleca 1982 (once) + + + + + – ++ + First 

  Bowman et al. 1978 – + + + – – – – Third 

  NTP 1988a ++ + ++ + + + + – First 

  Jones et al. 1958 – – + – + – – – + Third 

  Landauer et al. 1982 + + ++ + + – + + First 
 Oral intermediate-duration exposure          
  Balster and Borzelleca 1982 (30 days) + + + + – – ++ + First 

  Balster and Borzelleca 1982 (60 days) + + + + – – + + First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Balster and Borzelleca 1982 (90 days) + + + + – – ++ + First 

  Chu et al. 1982a – + – + – – + – Second  

  Chu et al. 1982b – + – + + – + + First 

  Dorman et al. 1997 – – + ++ + + + + ++ First 

  Sehata et al. 2002 (CB6F1) – + ++ + + + + + First 

  Wada et al. 2015 + ++ + ++ ++ + ++ + First 

 Oral chronic-duration exposure          
  Heywood et al. 1979 – – + – – ++ – + Third 

  Dunnick and Melnick 1993; NCI 1976 (rat) + + ++ – ++ ++ + ++ First 

  Dunnick and Melnick 1993; NCI 1976 (mouse) + + ++ – ++ ++ + ++ First 

    Roe et al. 1979 (Experiment 1) + – – – – ++ + + Second 
Outcome:  Developmental Effects          
 Inhalation acute-duration exposure          
  Baeder and Hofmann 1988 – + ++ + ++ + + ++ First 

  EPA 1978 – + ++ + ++ – + – Second 

  Murray et al. 1979 (GDs 1–7) – + ++ + ++ + + ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Murray et al. 1979 (GDs 6–15) – + ++ + ++ + + ++ First 

  Murray et al. 1979 (GDs 8–15) – + ++ + ++ + + ++ First 

  Schwetz et al. 1974 – + ++ + – + + ++ First 
 Oral acute-duration exposure          
  Ruddick et al. 1983 + + ++ + ++ + ++ – First 

  Thompson et al. 1974 (Experiment 1, 25 F) – + ++ + ++ – + ++ First 

  Thompson et al. 1974 (Experiment 2, 6 F) – + ++ + ++ – + ++ First 

  Thompson et al. 1974 (rabbit, 1 time/day) – + ++ + ++ – + ++ First 

  Thompson et al. 1974 (rabbit, 2 times/day) – + ++ + ++ – + ++ First 

 Oral intermediate-duration exposure          
  Burkhalter and Balster 1979 + + ++ ++ – + ++ ++ First 

  NTP 1988a + + ++ + + ++ ++ ++ First 
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Table C-9.  Summary of Risk of Bias Assessment for Chloroform—Experimental Animal Studies 
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  Reference 

  Lim et al. 2004 (5 weeks) + + ++ + – – – ++ ++ First 

  Lim et al. 2004 (8 weeks) + + ++ + – – – ++ ++ First 
 
++ = definitely low risk of bias; + = probably low risk of bias; – = probably high risk of bias; – – = definitely high risk of bias; (DW) = drinking water; F = females; 
(G) = gavage; GD = gestation day; (GO) = gavage in oil; (GW) = gavage in water; (W) = water 
 
*Key question  
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C.6  RATE THE CONFIDENCE IN THE BODY OF EVIDENCE FOR EACH RELEVANT 
OUTCOME 

 
Confidences in the bodies of human and animal evidence were evaluated independently for each potential 
outcome.  ATSDR did not evaluate the confidence in the body of evidence for carcinogenicity; rather, the 
Agency defaulted to the cancer weight-of-evidence assessment of other agencies including HHS, EPA, 
and IARC.  The confidence in the body of evidence for an association or no association between exposure 
to chloroform and a particular outcome was based on the strengths and weaknesses of individual studies.  
Four descriptors were used to describe the confidence in the body of evidence for effects or when no 
effect was found: 
 

• High confidence: the true effect is highly likely to be reflected in the apparent relationship 
• Moderate confidence: the true effect may be reflected in the apparent relationship 
• Low confidence: the true effect may be different from the apparent relationship 
• Very low confidence: the true effect is highly likely to be different from the apparent 

relationship 
 
Confidence in the body of evidence for a particular outcome was rated for each type of study:  case-
control, case series, cohort, population, human-controlled exposure, and experimental animal.  In the 
absence of data to the contrary, data for a particular outcome were collapsed across animal species, routes 
of exposure, and exposure durations.  If species (or strain), route, or exposure duration differences were 
noted, then the data were treated as separate outcomes. 
 
C.6.1  Initial Confidence Rating 
 
In ATSDR’s modification to the OHAT approach, the body of evidence for an association (or no 
association) between exposure to chloroform and a particular outcome was given an initial confidence 
rating based on the key features of the individual studies examining that outcome.  The presence of these 
key features of study design was determined for individual studies using four “yes or no” questions, 
which were customized for epidemiology, human controlled exposure, or experimental animal study 
designs.  Separate questionnaires were completed for each outcome assessed in a study.  The key features 
for observational epidemiology (cohort, population, and case-control) studies, human controlled exposure, 
and experimental animal studies are presented in Tables C-11, C-12, C-13, respectively.  The initial 
confidence in the study was determined based on the number of key features present in the study design:   
 

• High Initial Confidence:  Studies in which the responses to the four questions were “yes”.   
 

• Moderate Initial Confidence:  Studies in which the responses to only three of the questions 
were “yes”.   
 

• Low Initial Confidence:  Studies in which the responses to only two of the questions were “yes”.   
 

• Very Low Initial Confidence:  Studies in which the response to one or none of the questions 
was “yes”.  
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Table C-10.  Key Features of Study Design for Observational Epidemiology 
Studies 

 
Exposure was experimentally controlled  
Exposure occurred prior to the outcome 
Outcome was assessed on individual level rather than at the population level 
A comparison group was used 
 

Table C-11.  Key Features of Study Design for Human-Controlled Exposure 
Studies 

 
A comparison group was used or the subjects served as their own control 
A sufficient number of subjects were tested 
Appropriate methods were used to measure outcomes (i.e., clinically-confirmed outcome versus self-
reported) 
Appropriate statistical analyses were performed and reported or the data were reported in such a way to 
allow independent statistical analysis 
 

Table C-12.  Key Features of Study Design for Experimental Animal Studies 
 

A concurrent control group was used 
A sufficient number of animals per group were tested 
Appropriate parameters were used to assess a potential adverse effect 
Appropriate statistical analyses were performed and reported or the data were reported in such a way to 
allow independent statistical analysis 
 
The presence or absence of the key features and the initial confidence levels for studies examining 
respiratory, hepatic, renal, neurological, and developmental endpoints observed in the observational 
epidemiology and animal experimental studies are presented in Tables C-14 and C-15, respectively. 
 

Table C-13.  Presence of Key Features of Study Design for Chloroform— 
Observational Epidemiology Studies 
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Outcome:  Respiratory effects      
 Cross-sectional studies      
  Font-Ribera et al. 2010 No Yes Yes Yes Moderate 
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Table C-13.  Presence of Key Features of Study Design for Chloroform— 
Observational Epidemiology Studies 

  
   Key features  
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Outcome:  Hepatic effects           
 Cohort studies      
  Aiking et al. 1994 No Yes Yes Yes Moderate 
  Bomski et al. 1967 No Yes Yes Yes Moderate 
  Challen et al. 1958 No Yes Yes Yes Moderate 
  Li et al. 1993 No Yes Yes Yes Moderate 

Outcome:  Renal effects           
 Cohort studies      
  Aiking et al. 1994 No Yes Yes Yes Moderate 
  Li et al. 1993 No Yes Yes Yes Moderate 

Outcome:  Neurological effects      
 Cohort studies      
  Challen et al. 1958 No Yes Yes Yes Moderate 
  Li et al. 1993 No Yes Yes Yes Moderate 

Outcome:  Developmental effects           
 Cohort studies      
  Botton et al. 2015 No No Yes Yes Low 
  Cao et al. 2016 No No Yes Yes Low 
  Costet et al. 2011 No Yes Yes Yes Moderate 
  Dodds and King 2001 No Yes Yes Yes Moderate 
  Grazuleviciene et al. 2011 No Yes Yes Yes Moderate 
  Grazuleviciene et al. 2013 No Yes Yes Yes Moderate 
  Hinckley et al. 2005 No No Yes Yes Low 
  Hoffman et al. 2008 No Yes Yes Yes Moderate 
  Liu et al. 2021 No Yes Yes Yes Moderate 
  Rivera-Núñez and Wright 2013 No No Yes Yes Low 
  Sun et al. 2020 No Yes Yes Yes Moderate 
  Villanueva et al. 2018 No Yes Yes Yes Moderate 
  Villanueva et al. 2011 No No Yes Yes Low 
  Zhu et al. 2022 No Yes Yes Yes Moderate 
 Population studies      
  Porter et al. 2005 No Yes Yes Yes Moderate 
  Wright et al. 2004 No Yes Yes Yes Moderate 
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Table C-13.  Presence of Key Features of Study Design for Chloroform— 
Observational Epidemiology Studies 
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 Case-control studies      
  Bonou et al. 2017 No Yes Yes Yes Moderate 
  Kaufman et al. 2018 No Yes Yes Yes Moderate 
  Kaufman et al. 2020 No Yes Yes Yes Moderate 
  Kramer et al. 1992 No Yes Yes Yes Moderate 
  Levallois et al. 2012 No Yes Yes Yes Moderate 
  Summerhayes et al. 2012 No Yes Yes Yes Moderate 
   Swartz et al. 2015a, 2015b No No Yes Yes Low 
  Zaganjor et al. 2020 No Yes Yes Yes Moderate 

 
 

Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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Outcome: Respiratory effects        
 Inhalation acute-duration exposure      
  Constan et al. 1999 (Sv/129 mice) Yes Yes Yes Yes High 
  Constan et al. 1999 (B6C3F1 mice) Yes Yes Yes Yes High 
  de Oliveira et al. 2015 Yes Yes Yes Yes High 
  Kasai et al. 2002 (rat) Yes Yes Yes Yes High 
  Larson et al. 1994c; Mery et al. 1994 (mouse) Yes Yes Yes Yes High 
  Larson et al. 1994c; Mery et al. 1994 (rat) Yes Yes Yes Yes High 
  Larson et al. 1996 Yes Yes Yes Yes High 
  Templin et al. 1996b (4 days) Yes Yes Yes Yes High 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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 Inhalation intermediate-duration exposure      
  Kasai et al. 2002 (mouse) Yes Yes Yes Yes High 
  Kasai et al. 2002 (rat) Yes Yes Yes Yes High 
  Larson et al. 1996 (13 weeks; 5 days/week) Yes Yes Yes Yes High 
  Larson et al. 1996 (13 weeks; 7 days/week) Yes Yes Yes Yes High 
  Larson et al. 1996 (3 weeks) Yes Yes Yes Yes High 
  Larson et al. 1996 (6 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (3 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (6 weeks) Yes Yes Yes Yes High 
 Inhalation chronic-duration exposure      

  
Yamamoto et al. 2002 (mouse); additional information 
from unpublished study (MHLW 1994a, 1994b) 

Yes Yes Yes Yes High 

  
Yamamoto et al. 2002 (rat); additional information 
from unpublished study (MHLW 1994a, 1994b) 

Yes Yes Yes Yes High 

 Oral acute-duration exposure      
  Larson et al. 1995b Yes Yes Yes No Moderate 
  Templin et al. 1996a (Fischer 344) Yes Yes Yes Yes High 
  Templin et al. 1996a (Osborne-Mendel) Yes Yes Yes Yes High 
 Oral intermediate-duration exposure      
  Chu et al. 1982a Yes Yes Yes No Moderate 
  Chu et al. 1982b Yes Yes Yes No Moderate 
  Dorman et al. 1997 Yes Yes Yes Yes High 
  NTP 1988a Yes Yes Yes Yes High 
  EPA 1980 (mouse) Yes Yes Yes Yes High 
  EPA 1980 (rat) Yes Yes Yes Yes High 
  Larson et al. 1995b Yes Yes Yes No Moderate 
  Sehata et al. 2002 (CB6F1) Yes Yes Yes Yes High 
 Oral chronic-duration exposure      
  Dunnick and Melnick 1993; NCI 1976 (mouse) Yes Yes Yes No Moderate 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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  Dunnick and Melnick 1993; NCI 1976 (rat) Yes Yes Yes No Moderate 
    Roe et al. 1979 (Experiment 1) Yes Yes No No Low 
Outcome: Liver effects       

 Inhalation acute-duration exposure      
  Baeder and Hofmann 1988 Yes Yes No Yes Moderate 
  Constan et al. 1999 (Sv/129 mice) Yes Yes Yes Yes High 
  Constan et al. 1999 (B6C3F1 mice) Yes Yes Yes Yes High 
  Kasai et al. 2002 (rat) Yes Yes Yes Yes High 
  Larson et al. 1994c; Mery et al. 1994 (mouse) Yes Yes Yes Yes High 
  Larson et al. 1994c; Mery et al. 1994 (rat) Yes Yes Yes Yes High 
  Larson et al. 1996 Yes Yes Yes Yes High 
  Templin et al. 1996b (4 days) Yes Yes Yes Yes High 
  Templin et al. 1996c (2 weeks) Yes No Yes Yes Moderate 
  Templin et al. 1996c (4 days) Yes No Yes Yes Moderate 
 Inhalation intermediate-duration exposure      
  Kasai et al. 2002 (mouse) Yes Yes Yes Yes High 
  Kasai et al. 2002 (rat) Yes Yes Yes Yes High 
  Larson et al. 1996 (13 weeks; 5 days/week) Yes Yes Yes Yes High 
  Larson et al. 1996 (13 weeks; 7 days/week) Yes Yes Yes Yes High 
  Larson et al. 1996 (3 weeks) Yes No Yes Yes Moderate 
  Larson et al. 1996 (6 weeks) Yes No Yes Yes Moderate 
  Templin et al. 1996b (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (3 weeks) Yes No Yes Yes Moderate 
  Templin et al. 1996b (6 weeks) Yes No Yes Yes Moderate 
  Templin et al. 1998 (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1998 (3 weeks) Yes No Yes Yes Moderate 
  Templin et al. 1998 (7 weeks) Yes No Yes Yes Moderate 
  Torkelson et al. 1976 (rat 1–4 hours/day) Yes Yes Yes Yes High 
  Torkelson et al. 1976 (rat 7 hours/day) Yes Yes Yes Yes High 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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 Inhalation chronic-duration exposure      
  Yamamoto et al. 2002 (mouse) Yes Yes Yes Yes High 
  Yamamoto et al. 2002 (rat) Yes Yes Yes Yes High 
 Oral acute-duration exposure      
  Chu et al. 1982b Yes Yes Yes No Moderate 
  Ewaid et al. 2020 Yes No Yes No Low 
  Jones et al. 1958 No Yes Yes No Low 
  Keegan et al. 1998 Yes Yes Yes Yes High 
  Larson et al. 1993 (mouse) Yes Yes Yes No Moderate 
  Larson et al. 1993 (rat) Yes Yes Yes No Moderate 
  Larson et al. 1994b (GO) Yes Yes Yes No Moderate 
  Larson et al. 1994b (W) Yes Yes Yes No Moderate 
  Larson et al. 1994d Yes Yes Yes No Moderate 
  Larson et al. 1995a (DW) Yes Yes Yes No Moderate 
  Larson et al. 1995a (G) Yes Yes Yes No Moderate 
  Larson et al. 1995b Yes Yes Yes No Moderate 
  Lilly et al. 1997 Yes Yes Yes Yes High 
  Miyagawa et al. 1998 Yes Yes Yes No Moderate 
  Moore et al. 1982 (G) Yes Yes Yes Yes High 
  Moore et al. 1982 (GO) Yes Yes Yes Yes High 
  Munson et al. 1982 Yes Yes Yes Yes High 
  Templin et al. 1996a (Fischer 344) Yes Yes Yes Yes High 
  Templin et al. 1996a (Osborne-Mendel) Yes Yes Yes Yes High 
  Thompson et al. 1974 (Experiment 2, 6 F) Yes Yes Yes No Moderate 
  Wada et al. 2015 Yes Yes Yes Yes High 
  Wang et al. 1997 Yes Yes Yes Yes High 
 Oral intermediate-duration exposure      

  Bull et al. 1986 (GO) Yes Yes Yes No Moderate 
  Bull et al. 1986 (GW) Yes Yes Yes No Moderate 
  Chu et al. 1982a Yes Yes Yes Yes High 
  Chu et al. 1982b Yes Yes Yes Yes High 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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  Eschenbrenner and Miller 1945 Yes Yes No Yes Moderate 
  NTP 1988a Yes Yes Yes Yes High 
  Heywood et al. 1979 Yes Yes Yes No Moderate 
  EPA 1980 (mouse) Yes Yes Yes Yes High 
  EPA 1980 (rat) Yes Yes Yes Yes High 
  Larson et al. 1994b (GO) Yes Yes Yes No Moderate 
  Larson et al. 1994b (W) Yes Yes Yes No Moderate 
  Larson et al. 1994d Yes Yes Yes Yes High 
  Larson et al. 1995a (GO) Yes Yes Yes No Moderate 
  Larson et al. 1995a (W) Yes Yes Yes No Moderate 
  Larson et al. 1995b Yes Yes Yes No Moderate 
  Melnick et al. 1998 Yes Yes Yes Yes High 
  Mostafa et al. 2009 No Yes Yes No Low 
  Munson et al. 1982 Yes Yes Yes No Moderate 
  Sehata et al. 2002 (CB6F1) Yes Yes Yes Yes High 
 Oral chronic-duration exposure      
  Heywood et al. 1979 Yes Yes Yes No Moderate 
  Dunnick and Melnick 1993; NCI 1976 (mouse) Yes Yes Yes No Moderate 
  Dunnick and Melnick 1993; NCI 1976 (rat) Yes Yes Yes No Moderate 

    Roe et al. 1979 (Experiment 1) Yes Yes Yes No Moderate 
Outcome:  Kidney effects      

 Inhalation acute-duration exposure      
  Baeder and Hofmann 1988 Yes Yes No Yes Moderate 
  Constan et al. 1999 (Sv/129 mice) Yes Yes Yes Yes High 
  Constan et al. 1999 (B6C3F1 mice) Yes Yes Yes Yes High 
  Kasai et al. 2002 (rat) Yes Yes Yes Yes High 
  Larson et al. 1994c; Mery et al. 1994 (mouse) Yes Yes Yes Yes High 
  Larson et al. 1994c; Mery et al. 1994 (rat) Yes Yes Yes Yes High 
  Larson et al. 1996 Yes Yes Yes Yes High 
  Templin et al. 1996b (4 days) Yes Yes Yes Yes High 
  Templin et al. 1996c (2 weeks) Yes No Yes Yes Moderate 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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  Templin et al. 1996c (4 days) Yes No Yes Yes Moderate 
 Inhalation intermediate-duration exposure      
  Kasai et al. 2002 (mouse) Yes Yes Yes Yes High 
  Kasai et al. 2002 (rat) Yes Yes Yes Yes High 
  Larson et al. 1996 (13 weeks; 5 days/week) Yes Yes Yes Yes High 
  Larson et al. 1996 (13 weeks; 7 days/week) Yes Yes Yes Yes High 
  Larson et al. 1996 (3 weeks) Yes Yes Yes Yes High 
  Larson et al. 1996 (6 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (3 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (6 weeks) Yes Yes Yes Yes High 
  Templin et al. 1998 (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1998 (3 weeks) Yes Yes Yes Yes High 
  Templin et al. 1998 (7 weeks) Yes Yes Yes Yes High 
  Torkelson et al. 1976 (rat 1–4 hours/day) Yes Yes Yes Yes High 
  Torkelson et al. 1976 (rat 7 hours/day) Yes Yes Yes Yes High 
 Inhalation chronic-duration exposure      
  Yamamoto et al. 2002 (mouse) Yes Yes Yes Yes High 
  Yamamoto et al. 2002 (rat) Yes Yes Yes Yes High 
 Oral acute-duration exposure      
  Chu et al. 1982b Yes Yes Yes No Moderate 
  Ewaid et al. 2020 Yes No Yes No Low 
  Keegan et al. 1998 Yes Yes No Yes Moderate 
  Larson et al. 1993 (rat) Yes Yes Yes No Moderate 
  Larson et al. 1993 (mouse) Yes Yes Yes No Moderate 
  Larson et al. 1994b (GO) Yes Yes Yes No Moderate 
  Larson et al. 1994b (W) Yes Yes Yes No Moderate 
  Larson et al. 1994d Yes Yes Yes Yes High 
  Larson et al. 1995a (DW) Yes Yes Yes No Moderate 
  Larson et al. 1995a (G) Yes Yes Yes No Moderate 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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  Larson et al. 1995b Yes Yes Yes No Moderate 
  Lilly et al. 1997 Yes Yes Yes Yes High 
  Liu et al. 2013 Yes Yes Yes Yes High 
  Miyagawa et al. 1998 Yes Yes Yes No Moderate 
  Moore et al. 1982 (G) Yes Yes Yes Yes High 
  Moore et al. 1982 (GO) Yes Yes Yes Yes High 
  Potter et al. 1996 Yes Yes Yes Yes High 
  Templin et al. 1996a (Fischer 344) Yes Yes Yes Yes High 
  Templin et al. 1996a (Osborne-Mendel) Yes Yes Yes Yes High 
  Thompson et al. 1974 (Experiment 2, 6 F) Yes Yes Yes No Moderate 
 Oral intermediate-duration exposure      
  Chu et al. 1982a Yes Yes Yes Yes High 
  Chu et al. 1982b Yes Yes Yes Yes High 
  NTP 1988a Yes Yes Yes Yes High 
  Heywood et al. 1979 Yes Yes No No Low 
  Hooth et al. 2002; McDorman et al. 2003a, 2003b Yes Yes Yes Yes High 
  EPA 1980 (mouse) Yes Yes Yes Yes High 
  EPA 1980 (rat) Yes Yes Yes Yes High 
  Larson et al. 1994b (GO) Yes Yes Yes No Moderate 
  Larson et al. 1994b (W) Yes Yes Yes No Moderate 
  Larson et al. 1994d Yes Yes Yes Yes High 
  Larson et al. 1995a (GO) Yes Yes Yes No Moderate 
  Larson et al. 1995a (W) Yes Yes Yes No Moderate 
  Larson et al. 1995b Yes Yes Yes No Moderate 
  Lipsky et al. 1993 (GO) Yes Yes Yes No Moderate 
  Lipsky et al. 1993 (GW) Yes Yes Yes No Moderate 
  Sehata et al. 2002 (CB6F1) Yes Yes Yes Yes High 
 Oral chronic-duration exposure      
  Heywood et al. 1979 Yes Yes Yes No Moderate 
  Hard et al. 2000; Jorgenson et al. 1985 (rat) Yes Yes Yes Yes High 
  Nagano et al. 2006 Yes Yes Yes Yes High 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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  Dunnick and Melnick 1993; NCI 1976 (rat) Yes Yes Yes No Moderate 
  Dunnick and Melnick 1993; NCI 1976 (mouse) Yes Yes Yes No Moderate 
  Roe et al. 1979 (Experiment 1) Yes Yes Yes No Moderate 

    Roe et al. 1979 (Experiment 3) Yes Yes Yes Yes High 
Outcome:  Neurological effects      

 Inhalation acute-duration exposure      
  Constan et al. 1999 (Sv/129 mice) Yes Yes No Yes Moderate 
  Constan et al. 1999 (B6C3F1 mice) Yes Yes No Yes Moderate 
  DHA 2022 Yes Yes Yes Yes High 
  EPA 1978 Yes Yes No Yes Moderate 
  Gehring 1968 Yes Yes No Yes Moderate 
  Larson et al. 1994c; Mery et al. 1994 (rat) Yes Yes Yes Yes High 
  Lehmann and Flury 1943 (cat) No No No No Very low 
  Lehmann and Flury 1943 (mouse) No No No No Very low 
 Inhalation intermediate-duration exposure      
  Larson et al. 1996 (13 weeks; 7 days/week) Yes Yes Yes Yes High 
  Larson et al. 1996 (3 weeks) Yes No Yes Yes Moderate 
  Templin et al. 1996b (13 weeks) Yes Yes Yes Yes High 
  Templin et al. 1996b (3 weeks) Yes No Yes Yes Moderate 
 Inhalation chronic-duration exposure      
  Yamamoto et al. 2002 (mouse) Yes Yes Yes Yes High 
  Yamamoto et al. 2002 (rat) Yes Yes Yes Yes High 
 Oral acute-duration exposure      
  Balster and Borzelleca 1982 (14 days) Yes Yes Yes Yes High 
  Balster and Borzelleca 1982 (once) No Yes Yes Yes Moderate 
  Bowman et al. 1978 No Yes No No Low 
  NTP 1988a Yes Yes Yes No Moderate 
  Jones et al. 1958 No Yes Yes No Low 
  Landauer et al. 1982 Yes Yes Yes Yes High 
 Oral intermediate-duration exposure      
  Balster and Borzelleca 1982 (30 days) Yes Yes Yes Yes High 
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Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 
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  Balster and Borzelleca 1982 (60 days) Yes Yes Yes Yes High 
  Balster and Borzelleca 1982 (90 days) Yes Yes Yes Yes High 
  Chu et al. 1982a Yes Yes Yes Yes High 
  Chu et al. 1982b Yes Yes Yes Yes High 
  Dorman et al. 1997 Yes Yes Yes Yes High 
  Sehata et al. 2002 (CB6F1) Yes Yes Yes Yes High 
  Wada et al. 2015 Yes Yes Yes Yes High 
 Oral chronic-duration exposure      
  Heywood et al. 1979 Yes Yes Yes No Moderate 
  Dunnick and Melnick 1993; NCI 1976 (rat) Yes Yes Yes No Moderate 
  Dunnick and Melnick 1993; NCI 1976 (mouse) Yes Yes Yes No Moderate 

    Roe et al. 1979 (Experiment 1) Yes Yes Yes No Moderate 
Outcome:  Developmental Effects      

 Inhalation acute-duration exposure      
  Baeder and Hofmann 1988 Yes Yes Yes Yes High 
  EPA 1978 Yes Yes Yes No Moderate 
  Murray et al. 1979 (GDs 1–7) Yes Yes Yes Yes High 
  Murray et al. 1979 (GDs 6–15) Yes Yes Yes Yes High 
  Murray et al. 1979 (GDs 8–15) Yes Yes Yes Yes High 
  Schwetz et al. 1974 Yes No Yes Yes Moderate 
 Oral acute-duration exposure      
  Ruddick et al. 1983 Yes Yes Yes Yes High 
  Thompson et al. 1974 (Experiment 1, 25 F) Yes Yes Yes Yes High 
  Thompson et al. 1974 (Experiment 2, 6 F) Yes Yes Yes Yes High 
  Thompson et al. 1974 (rabbit, 1 time/day) Yes Yes Yes Yes High 
  Thompson et al. 1974 (rabbit, 2 times/day) Yes Yes Yes Yes High 
 Oral intermediate-duration exposure      
  Burkhalter and Balster 1979 Yes No Yes Yes Moderate 
  NTP 1988a Yes Yes Yes Yes High 



CHLOROFORM  C-41 
 

APPENDIX C 
 
 

 

Table C-14.  Presence of Key Features of Study Design for Chloroform—  
Experimental Animal Studies 

  
   Key features  

  Reference C
on

cu
rre

nt
 c

on
tro

l g
ro

up
 

Su
ffi

ci
en

t n
um

be
r o

f 
su

bj
ec

ts
 

Ap
pr

op
ria

te
 p

ar
am

et
er

s 
to

 
as

se
ss

 p
ot

en
tia

l e
ffe

ct
 

Ad
eq

ua
te

 d
at

a 
fo

r 
st

at
is

tic
al

 a
na

ly
si

s 

Initial 
study 
confidence 

  Lim et al. 2004 (5 weeks) Yes Yes Yes Yes High 
    Lim et al. 2004 (8 weeks) Yes Yes Yes Yes High 
 
(DW) = drinking water; F = females; (G) = gavage; GD = gestation day; (G) = gavage in water; (GW) = gavage in 
water; (W) = water 
 
A summary of the initial confidence ratings for each outcome is presented in Table C-15.  If individual 
studies for a particular outcome and study type had different study quality ratings, then the highest 
confidence rating for the group of studies was used to determine the initial confidence rating for the body 
of evidence; any exceptions were noted in Table C-16. 
 

Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

Outcome:  Respiratory effects   
  Inhalation acute-duration exposure    
   Human studies   
    Font-Ribera et al. 2010 Moderate Moderate 
   Animal studies   
    Constan et al. 1999 (Sv/129 mice) High 

High 

    Constan et al. 1999 (B6C3F1 mice) High 
    de Oliveira et al. 2015 High 
    Kasai et al. 2002 (rat) High 
    Larson et al. 1994c; Mery et al. 1994 (mouse) High 
    Larson et al. 1994c; Mery et al. 1994 (rat) High 
    Larson et al. 1996 High 
    Templin et al. 1996b (4 days) High 
  Inhalation intermediate-duration exposure    

   Animal studies   
    Kasai et al. 2002 (mouse) High 

High 
    Kasai et al. 2002 (rat) High 
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

    Larson et al. 1996 (13 weeks; 5 days/week) High 
    Larson et al. 1996 (13 weeks; 7 days/week) High 
    Larson et al. 1996 (3 weeks) High 
    Larson et al. 1996 (6 weeks) High 
    Templin et al. 1996b (13 weeks) High 
    Templin et al. 1996b (13 weeks) High 
    Templin et al. 1996b (3 weeks) High 
    Templin et al. 1996b (6 weeks) High 
  Inhalation chronic-duration exposure    

   Animal studies   

    Yamamoto et al. 2002 (mouse) Moderate Moderate 
    Yamamoto et al. 2002 (rat) Moderate 
  Oral acute-duration exposure    

   Animal studies   

    Larson et al. 1995b Moderate 
High     Templin et al. 1996a (Fischer 344) High 

    Templin et al. 1996a (Osborne-Mendel) High 
  Oral intermediate-duration exposure    

   Animal studies   

    Chu et al. 1982a Moderate 

High 

    Chu et al. 1982b Moderate 
    Dorman et al. 1997 High 
    NTP 1988a High 
    EPA 1980 (mouse) High 
    EPA 1980 (rat) High 
    Larson et al. 1995b Moderate 
    Sehata et al. 2002 (CB6F1) High 
  Oral chronic-duration exposure    

   Animal studies   

    Dunnick and Melnick 1993; NCI 1976 (mouse) Moderate 
Moderate     Dunnick and Melnick 1993; NCI 1976 (rat) Moderate 

        Roe et al. 1979 (Experiment 1) Low 
Outcome:  Hepatic effects   
  Inhalation acute-duration exposure    
   Human studies   
    Aiking et al. 1994 Moderate Moderate 
   Animal studies   
    Baeder and Hofmann 1988 Moderate 

High 
    Constan et al. 1999 (Sv/129 mice) High 
    Constan et al. 1999 (B6C3F1 mice) High 
    Kasai et al. 2002 (rat) High 
    Larson et al. 1994c; Mery et al. 1994 (mouse) High 
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

    Larson et al. 1994c; Mery et al. 1994 (rat) High 
    Larson et al. 1996 High 
    Templin et al. 1996b (4 days) High 
    Templin et al. 1996c (2 weeks) Moderate 
    Templin et al. 1996c (4 days) Moderate 
  Inhalation intermediate-duration exposure    
   Animal studies   

    Kasai et al. 2002 (mouse) High 

High 

    Kasai et al. 2002 (rat) High 
    Larson et al. 1996 (13 weeks; 5 days/week) High 
    Larson et al. 1996 (13 weeks; 7 days/week) High 
    Larson et al. 1996 (3 weeks) Moderate 
    Larson et al. 1996 (6 weeks) Moderate 
    Templin et al. 1996b (13 weeks) High 
    Templin et al. 1996b (13 weeks) High 
    Templin et al. 1996b (3 weeks) Moderate 
    Templin et al. 1996b (6 weeks) Moderate 
    Templin et al. 1998 (13 weeks) High 
    Templin et al. 1998 (3 weeks) Moderate 
    Templin et al. 1998 (7 weeks) Moderate 
    Torkelson et al. 1976 (rat 1–4 hours/day) High 
    Torkelson et al. 1976 (rat 7 hours/day) High 
  Inhalation chronic-duration exposure    
   Human studies   
    Bomski et al. 1967 Moderate 

Moderate     Challen et al. 1958 Moderate 
    Li et al. 1993 Moderate 
   Animal studies   

    Yamamoto et al. 2002 (mouse) High 
High 

    Yamamoto et al. 2002 (rat) High 
  Oral acute-duration exposure    

   Animal studies   

    Chu et al. 1982b Moderate 

High 

    Ewaid et al. 2020 Low 
    Jones et al. 1958 Low 
    Keegan et al. 1998 High 
    Larson et al. 1993 (mouse) Moderate 
    Larson et al. 1993 (rat) Moderate 
    Larson et al. 1994b (GO) Moderate 
    Larson et al. 1994b (W) Moderate 
    Larson et al. 1994d Moderate 
    Larson et al. 1995a (DW) Moderate 
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

    Larson et al. 1995a (G) Moderate 
    Larson et al. 1995b Moderate 
    Lilly et al. 1997 High 
    Miyagawa et al. 1998 Moderate 
    Moore et al. 1982 (G) High 
    Moore et al. 1982 (GO) High 
    Munson et al. 1982 High 
    Templin et al. 1996a (Fischer 344) High 
    Templin et al. 1996a (Osborne-Mendel) High 
    Thompson et al. 1974 (Experiment 2, 6 F) Moderate 
    Wada et al. 2015 High 
    Wang et al. 1997 High 
  Oral intermediate-duration exposure    

   Animal studies   

    Bull et al. 1986 (GO) Moderate 

High 

    Bull et al. 1986 (GW) Moderate 
    Chu et al. 1982a High 
    Chu et al. 1982b High 
    Eschenbrenner and Miller 1945 Moderate 
    NTP 1988a High 
    Heywood et al. 1979 Moderate 
    EPA 1980 (mouse) High 
    EPA 1980 (rat) High 
    Larson et al. 1994b (GO) Moderate 
    Larson et al. 1994b (W) Moderate 
    Larson et al. 1994d High 
    Larson et al. 1995a (GO) Moderate 
    Larson et al. 1995a (W) Moderate 
    Larson et al. 1995b Moderate 
    Melnick et al. 1998 High 
    Mostafa et al. 2009 Low 
    Munson et al. 1982 Moderate 
    Sehata et al. 2002 (CB6F1) High 
  Oral chronic-duration exposure    

   Animal studies   

    Heywood et al. 1979 Moderate 

Moderate     Dunnick and Melnick 1993; NCI 1976 (mouse) Moderate 
    Dunnick and Melnick 1993; NCI 1976 (rat) Moderate 

        Roe et al. 1979 (Experiment 1) Moderate 
Outcome:  Renal effects   
  Inhalation acute-duration exposure    
   Animal studies   
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

    Baeder and Hofmann 1988 Moderate 

High 

    Constan et al. 1999 (Sv/129 mice) High 
    Constan et al. 1999 (B6C3F1 mice) High 
    Kasai et al. 2002 (rat) High 
    Larson et al. 1994c; Mery et al. 1994 (mouse) High 
    Larson et al. 1994c; Mery et al. 1994 (rat) High 
    Larson et al. 1996 High 
    Templin et al. 1996b (4 days) High 
    Templin et al. 1996c (2 weeks) Moderate 
    Templin et al. 1996c (4 days) Moderate 
  Inhalation intermediate-duration exposure    

   Animal studies   
    Kasai et al. 2002 (mouse) High 

High 

    Kasai et al. 2002 (rat) High 
    Larson et al. 1996 (13 weeks; 5 days/week) High 
    Larson et al. 1996 (13 weeks; 7 days/week) High 
    Larson et al. 1996 (3 weeks) High 
    Larson et al. 1996 (6 weeks) High 
    Templin et al. 1996b (13 weeks) High 
    Templin et al. 1996b (13 weeks) High 
    Templin et al. 1996b (3 weeks) High 
    Templin et al. 1996b (6 weeks) High 
    Templin et al. 1998 (13 weeks) High 
    Templin et al. 1998 (3 weeks) High 
    Templin et al. 1998 (7 weeks) High 
    Torkelson et al. 1976 (rat 1–4 hours/day) High 
    Torkelson et al. 1976 (rat 7 hours/day) High 
  Inhalation chronic-duration exposure    
   Human studies   
    Aiking et al. 1994 Moderate Moderate 
    Li et al. 1993 Moderate 
   Animal studies   

    Yamamoto et al. 2002 (mouse) High 
High 

    Yamamoto et al. 2002 (rat) High 
  Oral acute-duration exposure    

   Animal studies   

    Chu et al. 1982b Moderate 

High 

    Ewaid et al. 2020 Low 
    Keegan et al. 1998 Moderate 
    Larson et al. 1993 (rat) Moderate 
    Larson et al. 1993 (mouse) Moderate 
    Larson et al. 1994b (GO) Moderate 
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

    Larson et al. 1994b (W) Moderate 
    Larson et al. 1994d High 
    Larson et al. 1995a (DW) Moderate 
    Larson et al. 1995a (G) Moderate 
    Larson et al. 1995b Moderate 
    Lilly et al. 1997 High 
    Liu et al. 2013 High 
    Miyagawa et al. 1998 Moderate 
    Moore et al. 1982 (G) High 
    Moore et al. 1982 (GO) High 
    Potter et al. 1996 High 
    Templin et al. 1996a (Fischer 344) High 
    Templin et al. 1996a (Osborne-Mendel) High 
    Thompson et al. 1974 (Experiment 2, 6 F) Moderate 
  Oral intermediate-duration exposure    

   Animal studies   

    Chu et al. 1982a High 

High 

    Chu et al. 1982b High 
    NTP 1988a High 
    Heywood et al. 1979 Low 
    Hooth et al. 2002; McDorman et al. 2003a, 2003b High 
    EPA 1980 (mouse) High 
    EPA 1980 (rat) High 
    Larson et al. 1994b (GO) Moderate 
    Larson et al. 1994b (W) Moderate 
    Larson et al. 1994d High 
    Larson et al. 1995a (GO) Moderate 
    Larson et al. 1995a (W) Moderate 
    Larson et al. 1995b Moderate 
    Lipsky et al. 1993 (GO) Moderate 
    Lipsky et al. 1993 (GW) Moderate 
    Sehata et al. 2002 (CB6F1) High 
  Oral chronic-duration exposure    

   Animal studies   

    Heywood et al. 1979 Moderate 

Moderate 

    Hard et al. 2000; Jorgenson et al. 1985 (rat) High 
    Nagano et al. 2006 High 
    Dunnick and Melnick 1993; NCI 1976 (rat) Moderate 
    Dunnick and Melnick 1993; NCI 1976 (mouse) Moderate 
    Roe et al. 1979 (Experiment 1) Moderate 

        Roe et al. 1979 (Experiment 3) High 
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

Outcome:  Neurological effects   
  Inhalation acute-duration exposure    
   Animal studies   

    Constan et al. 1999 (Sv/129 mice) Moderate 

High 

    Constan et al. 1999 (B6C3F1 mice) Moderate 
    DHA 2022 High 
    EPA 1978 Moderate 
    Gehring 1968 Moderate 
    Larson et al. 1994c; Mery et al. 1994 (rat) High 
    Lehmann and Flury 1943 (cat) Very low 
    Lehmann and Flury 1943 (mouse) Very low 
  Inhalation intermediate-duration exposure    

   Animal studies   

    Larson et al. 1996 (13 weeks; 7 days/week) High 

High     Larson et al. 1996 (3 weeks) Moderate 
    Templin et al. 1996b (13 weeks) High 
    Templin et al. 1996b (3 weeks) Moderate 
  Inhalation chronic-duration exposure    

   Human studies   
    Challen et al. 1958 Moderate 

Moderate 
    Li et al. 1993 Moderate 
   Animal studies   

    Yamamoto et al. 2002 (mouse) High High 
    Yamamoto et al. 2002 (rat) High 
  Oral acute-duration exposure    

   Animal studies   

    Balster and Borzelleca 1982 (14 days) High 

High 

    Balster and Borzelleca 1982 (once) Moderate 
    Bowman et al. 1978 Low 
    NTP 1988a Moderate 
    Jones et al. 1958 Low 
    Landauer et al. 1982 High 
  Oral intermediate-duration exposure    

   Animal studies   

    Balster and Borzelleca 1982 (30 days) High 

High 

    Balster and Borzelleca 1982 (60 days) High 
    Balster and Borzelleca 1982 (90 days) High 
    Chu et al. 1982a High 
    Chu et al. 1982b High 
    Dorman et al. 1997 High 
    Sehata et al. 2002 (CB6F1) High 
    Wada et al. 2015 High 
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

  Oral chronic-duration exposure    

   Animal studies   

    Heywood et al. 1979 Moderate 

Moderate     Dunnick and Melnick 1993; NCI 1976 (rat) Moderate 
    Dunnick and Melnick 1993; NCI 1976 (mouse) Moderate 

        Roe et al. 1979 (Experiment 1) Moderate 
Outcome:  Developmental effects   
  Inhalation acute-duration exposure    
   Animal studies   

    Baeder and Hofmann 1988 High 

High 

    EPA 1978 Moderate 
    Murray et al. 1979 (GDs 1–7) High 
    Murray et al. 1979 (GDs 6–15) High 
    Murray et al. 1979 (GDs 8–15) High 
    Schwetz et al. 1974 Moderate 
  Inhalation chronic-duration exposure   
   Human studies   
    Swartz et al. 2015a, 2015b Low Low 
  Oral acute-duration exposure    

   Animal studies   

    Ruddick et al. 1983 High 

High 
    Thompson et al. 1974 (Experiment 1, 25 F) High 
    Thompson et al. 1974 (Experiment 2, 6 F) High 
    Thompson et al. 1974 (rabbit, 1 time/day) High 
    Thompson et al. 1974 (rabbit, 2 times/day) High 
  Oral chronic-duration exposure   
   Human studies   
    Bonou et al. 2017 Moderate 

Moderate 

    Botton et al. 2015 Low 
    Cao et al. 2016 Low 
    Costet et al. 2011 Moderate 
    Dodds and King 2001 Moderate 
    Grazuleviciene et al. 2011 Moderate 
    Grazuleviciene et al. 2013 Moderate 
    Hinckley et al. 2005 Low 
    Hoffman et al. 2008 Moderate 
    Kaufman et al. 2018 Moderate 
    Kaufman et al. 2020 Moderate 
    Kramer et al. 1992 Moderate 
    Levallois et al. 2012 Moderate 
    Liu et al. 2021 Moderate 
    Porter et al. 2005 Moderate 
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Table C-15.  Initial Confidence Rating for Chloroform Health Effects Studies 
  

          Initial study 
confidence 

Initial 
confidence 
rating 

    Rivera-Núñez and Wright 2013 Low 
    Summerhayes et al. 2012 Moderate 
    Sun et al. 2020 Moderate 
    Villanueva et al. 2011 Moderate 
    Villanueva et al. 2018 Low 
    Wright et al. 2004 Moderate 
    Zaganjor et al. 2020 Moderate 
    Zhu et al. 2022 Moderate 
   Animal studies   

    Burkhalter and Balster 1979 Moderate 

High     NTP 1988a High 
    Lim et al. 2004 (5 weeks) High 

        Lim et al. 2004 (8 weeks) High 
 
(DW) = drinking water; F = females; (G) = gavage; GD = gestation day; (G) = gavage in water; (GW) = gavage in 
water; (W) = water 
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Table C-16.  Adjustments to the Initial Confidence in the Body of Evidence  
 

   
Initial confidence 

Adjustments to the initial 
confidence rating Final confidence 

Outcome:  Respiratory effects    
  Human studies Moderate -1 Risk of bias Low 
  Animal studies High  High 
Outcome:  Hepatic effects    
  Human studies Moderate -1 Risk of bias Low 
  Animal studies High +1 Consistency in the body of 

evidence 
High 

Outcome:  Renal effects    
  Human studies Moderate -1 Risk of bias Low 
  Animal studies High +1 Consistency in the body of 

evidence 
High 

Outcome:  Neurological effects    
  Human studies Moderate -1 Risk of bias Low 
  Animal studies High -1 Risk of bias 

+1 Large magnitude of effect 
High 

Outcome:  Developmental effects    
  Human studies Moderate -1 Risk of bias 

-1 Unexplained inconsistencies 
Very low 

  Animal studies High -1 Unexplained inconsistencies Moderate 
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C.6.2  Adjustment of the Confidence Rating 
 
The initial confidence rating was then downgraded or upgraded depending on whether there were 
substantial issues that would decrease or increase confidence in the body of evidence.  The nine properties 
of the body of evidence that were considered are listed below.  The summaries of the assessment of the 
confidence in the body of evidence for respiratory, hepatic, renal, neurological, and developmental effects 
are presented in Table C-17.  For epidemiological data, if the confidence ratings for a particular outcome 
were based on more than one type of human study, then the highest confidence rating was used for 
subsequent analyses.  The initial confidence reflects the body of evidence for the health outcome across 
all exposure routes and durations.  Adjustments to the initial confidence are based on the properties 
discussed below and shown in Table C-16.  If a property is not shown in Table C-16, ATSDR concluded 
that the property neither increases nor decreases confidence in the corresponding health outcome.   
 

Table C-17.  Confidence in the Body of Evidence for Chloroform 
 

Outcome 
Confidence in body of evidence 

Human studies Animal studies 
Respiratory effects  Low High 
Hepatic effects Low High 
Renal effects Low High 
Neurological effects Low High 
Developmental effects Very low Moderate 

 
Five properties of the body of evidence were considered to determine whether the confidence rating 
should be downgraded:   
 

• Risk of bias.  Evaluation of whether there is substantial risk of bias across most of the studies 
examining the outcome.  This evaluation used the risk of bias tier groupings for individual studies 
examining a particular outcome (Tables C-9 and C-10).  Below are the criteria used to determine 
whether the initial confidence in the body of evidence for each outcome should be downgraded 
for risk of bias: 

o No downgrade if most studies are in the risk of bias first tier 
o Downgrade one confidence level if most studies are in the risk of bias second tier 
o Downgrade two confidence levels if most studies are in the risk of bias third tier 

 
• Unexplained inconsistency.  Evaluation of whether there is inconsistency or large variability in 

the magnitude or direction of estimates of effect across studies that cannot be explained.  Below 
are the criteria used to determine whether the initial confidence in the body of evidence for each 
outcome should be downgraded for unexplained inconsistency: 

o No downgrade if there is little inconsistency across studies or if only one study evaluated 
the outcome 

o Downgrade one confidence level if there is variability across studies in the magnitude or 
direction of the effect 

o Downgrade two confidence levels if there is substantial variability across studies in the 
magnitude or direct of the effect 
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• Indirectness.  Evaluation of four factors that can affect the applicability, generalizability, and 
relevance of the studies:  

o Relevance of the animal model to human health—unless otherwise indicated, studies in 
rats, mice, and other mammalian species are considered relevant to humans  

o Directness of the endpoints to the primary health outcome—examples of secondary 
outcomes or nonspecific outcomes include organ weight in the absence of histopathology 
or clinical chemistry findings in the absence of target tissue effects 

o Nature of the exposure in human studies and route of administration in animal studies—
inhalation, oral, and dermal exposure routes are considered relevant unless there are 
compelling data to the contrary  

o Duration of treatment in animal studies and length of time between exposure and 
outcome assessment in animal and prospective human studies—this should be considered 
on an outcome-specific basis 

 
Below are the criteria used to determine whether the initial confidence in the body of evidence for 
each outcome should be downgraded for indirectness: 

o No downgrade if none of the factors are considered indirect  
o Downgrade one confidence level if one of the factors is considered indirect  
o Downgrade two confidence levels if two or more of the factors are considered indirect 

 
• Imprecision.  Evaluation of the narrowness of the effect size estimates and whether the studies 

have adequate statistical power.  Data are considered imprecise when the ratio of the upper to 
lower 95% CIs for most studies is ≥10 for tests of ratio measures (e.g., odds ratios) and ≥100 for 
absolute measures (e.g., percent control response).  Adequate statistical power is determined if 
the study can detect a potentially biologically meaningful difference between groups (20% 
change from control response for categorical data or risk ratio of 1.5 for continuous data).  Below 
are the criteria used to determine whether the initial confidence in the body of evidence for each 
outcome should be downgraded for imprecision: 

o No downgrade if there are no serious imprecisions  
o Downgrade one confidence level for serious imprecisions  
o Downgrade two confidence levels for very serious imprecisions  

 
• Publication bias.  Evaluation of the concern that studies with statistically significant results are 

more likely to be published than studies without statistically significant results.  
o Downgrade one level of confidence for cases where there is serious concern with 

publication bias 
 
Four properties of the body of evidence were considered to determine whether the confidence rating 
should be upgraded:   
 

• Large magnitude of effect.  Evaluation of whether the magnitude of effect is sufficiently large 
so that it is unlikely to have occurred as a result of bias from potential confounding factors.   

o Upgrade one confidence level if there is evidence of a large magnitude of effect in a few 
studies, provided that the studies have an overall low risk of bias and there is no serious 
unexplained inconsistency among the studies of similar dose or exposure levels; 
confidence can also be upgraded if there is one study examining the outcome, provided 
that the study has an overall low risk of bias 
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• Dose response.  Evaluation of the dose-response relationships measured within a study and 
across studies.  Below are the criteria used to determine whether the initial confidence in the body 
of evidence for each outcome should be upgraded: 

o Upgrade one confidence level for evidence of a monotonic dose-response gradient 
o Upgrade one confidence level for evidence of a non-monotonic dose-response gradient 

where there is prior knowledge that supports a non-monotonic dose-response and a non-
monotonic dose-response gradient is observed across studies 
 

• Plausible confounding or other residual biases.  This factor primarily applies to human studies 
and is an evaluation of unmeasured determinants of an outcome such as residual bias towards the 
null (e.g., “healthy worker” effect) or residual bias suggesting a spurious effect (e.g., recall bias).  
Below is the criterion used to determine whether the initial confidence in the body of evidence for 
each outcome should be upgraded: 

o Upgrade one confidence level for evidence that residual confounding or bias would 
underestimate an apparent association or treatment effect (i.e., bias toward the null) or 
suggest a spurious effect when results suggest no effect 
 

• Consistency in the body of evidence.  Evaluation of consistency across animal models and 
species, consistency across independent studies of different human populations and exposure 
scenarios, and consistency across human study types.  Below is the criterion used to determine 
whether the initial confidence in the body of evidence for each outcome should be upgraded: 

o Upgrade one confidence level if there is a high degree of consistency in the database 
 

C.7  TRANSLATE CONFIDENCE RATING INTO LEVEL OF EVIDENCE OF HEALTH 
EFFECTS 

 
In the seventh step of the systematic review of the health effects data for chloroform, the confidence in 
the body of evidence for specific outcomes was translated to a level of evidence rating.  The level of 
evidence rating reflected the confidence in the body of evidence and the direction of the effect (i.e., 
toxicity or no toxicity); route-specific differences were noted.  The level of evidence for health effects 
was rated on a five-point scale:   
 

• High level of evidence:  High confidence in the body of evidence for an association between 
exposure to the substance and the health outcome 

• Moderate level of evidence:  Moderate confidence in the body of evidence for an association 
between exposure to the substance and the health outcome 

• Low level of evidence:  Low confidence in the body of evidence for an association between 
exposure to the substance and the health outcome 

• Evidence of no health effect:  High confidence in the body of evidence that exposure to the 
substance is not associated with the health outcome 

• Inadequate evidence:  Low or moderate confidence in the body of evidence that exposure to the 
substance is not associated with the health outcome OR very low confidence in the body of 
evidence for an association between exposure to the substance and the health outcome 

 
A summary of the level of evidence of health effects for chloroform is presented in Table C-18. 
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Table C-18.  Level of Evidence of Health Effects for Chloroform 
 

Outcome 
Confidence in body 
of evidence 

Direction of health 
effect 

Level of evidence for 
health effect 

Human studies    
 Respiratory effects  Low No Effect Inadequate evidence 
 Hepatic effects Low Effect Low 
 Renal effects Low Effect Low 
 Neurological effects Low Effect Low 
 Developmental effects Very low Effect Inadequate evidence 
Animal studies    
 Respiratory effects  High Effect High 
 Hepatic effects High Effect High 
 Renal effects High Effect High 
 Neurological effects High Effect High 
 Developmental effects Moderate Effect Moderate 
 

C.8  INTEGRATE EVIDENCE TO DEVELOP HAZARD IDENTIFICATION CONCLUSIONS 
 
The final step involved the integration of the evidence streams for the human studies and animal studies 
to allow for a determination of hazard identification conclusions.  For health effects, there were four 
hazard identification conclusion categories: 
 

• Known to be a hazard to humans 
• Presumed to be a hazard to humans  
• Suspected to be a hazard to humans  
• Not classifiable as to the hazard to humans  

 
The initial hazard identification was based on the highest level of evidence in the human studies and the 
level of evidence in the animal studies; if there were no data for one evidence stream (human or animal), 
then the hazard identification was based on the one data stream (equivalent to treating the missing 
evidence stream as having low level of evidence).  The hazard identification scheme is presented in 
Figure C-1 and described below: 
 

• Known:  A health effect in this category would have: 
o High level of evidence for health effects in human studies AND a high, moderate, or low 

level of evidence in animal studies. 
• Presumed:  A health effect in this category would have: 

o Moderate level of evidence in human studies AND high or moderate level of evidence in 
animal studies OR 

o Low level of evidence in human studies AND high level of evidence in animal studies 
• Suspected:  A health effect in this category would have: 

o Moderate level of evidence in human studies AND low level of evidence in animal 
studies OR 

o Low level of evidence in human studies AND moderate level of evidence in animal 
studies 
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• Not classifiable:  A health effect in this category would have: 
o Low level of evidence in human studies AND low level of evidence in animal studies 

 
Figure C-1.  Hazard Identification Scheme 

 

 
 
Other relevant data such as mechanistic or mode-of-action data were considered to raise or lower the level 
of the hazard identification conclusion by providing information that supported or opposed biological 
plausibility.  
 
Two hazard identification conclusion categories were used when the data indicated that there may be no 
health effect in humans: 
 

• Not identified to be a hazard in humans 
• Inadequate to determine hazard to humans 

 
If the human level of evidence conclusion of no health effect was supported by the animal evidence of no 
health effect, then the hazard identification conclusion category of “not identified” was used.  If the 
human or animal level of evidence was considered inadequate, then a hazard identification conclusion 
category of “inadequate” was used.  As with the hazard identification for health effects, the impact of 
other relevant data was also considered for no health effect data.   
 
The hazard identification conclusions for chloroform are listed below and summarized in Table C-19. 
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Known Health Effects 

• Hepatic effects: There is a low level of evidence for hepatic effects from limited epidemiological 
data and a high level of evidence from a large number of animal studies with consistent findings.  
The Hazard Identification conclusion for hepatic effects was increased from “Presumed” to 
“Known” based on other relevant data consisting of the extensive database of case reports and 
case series documenting hepatic effects of chloroform in exposed humans.  
o Evidence from epidemiological studies: There is some evidence of adverse hepatic effects in 

humans with occupational exposure to chloroform (Bomski et al. 1967), while other studies 
of occupational exposure did not find any hepatic effects (Challen et al. 1958; Li et al. 1993).  

o Evidence from animal studies: Hepatic lesions have been observed in numerous animal 
studies, including acute-, intermediate-, and chronic-duration inhalation and oral studies in 
rodents; intermediate- and chronic-duration oral studies in dogs; and an acute-duration oral 
study in rabbits (Section 2.9).  Typical lesion progression begins with mild histopathological 
damage after low and/or brief exposures (e.g., lipid accumulation, cellular swelling and 
vacuolation, scattered necrosis, hepatocellular proliferation) and progresses to widespread 
and severe necrosis and degeneration with high and/or long-term exposure. 

o Other relevant data: The hepatic findings are strengthened by a large number of case reports 
and case-series reports indicating that the liver is a primary target following high-level 
chloroform exposure.  Acute liver failure and/or severe liver damage are common findings in 
fatal exposures via inhalation (Giusti and Chiarotti 1981; Lionte 2010; Royston 1924; 
Townsend 1939) or oral (Dettling et al. 2016; Piersol et al. 1933) exposure.  Reversible 
clinical signs of hepatotoxicity are commonly observed in nonfatal case studies of chloroform 
toxicity following inhalation exposure (Dettling et al. 2016; Gosselink et al. 2012; Hutchens 
and Kung 1985; Kang et al. 2014; Lin et al. 2005; Lunt 1953; Minor et al. 2018; Phoon et al. 
1983; Smith et al. 1973).  Similarly, reversible hepatotoxicity is a common finding in nonfatal 
cases of attempted suicide via chloroform ingestion (Choi et al. 2006; Dell’Aglio et al. 2010; 
Jayaweera et al. 2017; Kim 2008; Rao et al. 1993; Schroeder 1965;) and other cases of 
accidental or unspecified oral poisoning (Hakim et al. 1992; Sridhar et al. 2011; Storms 
1973).  One nonfatal dermal case also reported reversible hepatotoxicity (Vlad et al. 2014).  
Experimental studies demonstrate that hepatic effects are attributable to reactive 
intermediates produced during metabolism of chloroform (Brown et al. 1974a; Constan et al. 
1999; Fang et al. 2008; Gopinath and Ford 1975). 

• Neurological effects: There is a low level of evidence for neurological effects from limited 
epidemiological data and a high level of evidence from a large number of animal studies with 
consistent findings.  The Hazard Identification conclusion for neurological effects was increased 
from “Presumed” to “Known” based on: (a) the historical use of chloroform as a general 
anaesthetic; (b) case reports and case series documenting marked neurological effects of 
chloroform in exposed humans; and (c) a plausible mechanism of action.   
o Evidence from epidemiological studies: There is limited evidence of neurological 

impairments (e.g., impaired hand-eye coordination, slowed reaction time) and subjective 
neurological complaints (e.g., dizziness, fatigue, depression) following occupational exposure 
to chloroform (Challen et al. 1958; Li et al. 1993).   

o Evidence from animal studies Chloroform is a CNS depressant in animals exposed via 
inhalation (Constan et al. 1999; EPA 1978; Gehring 1968; Lehmann and Flury 1943) or oral 
routes (Bowman et al. 1978; NTP 1988a; Jones et al. 1958).  At exposure levels below those 
associated with CNS depression, there is limited evidence for altered neurobehavior 
following oral exposure in animals, including altered motor activity, impaired coordination, 
and altered operant learning (Balster and Borzelleca 1982; DHA 2022; Landauer et al. 1982; 
Wada et al. 2015).  The only histopathological change reported in the neurological system is 
olfactory nerve loss in rats following acute-duration inhalation exposure (Larson et al. 1994c; 
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Mery et al. 1994); this finding is likely in response to degeneration of the nasal olfactory 
epithelial tissue observed at the same exposure levels. 

o Other relevant data: Chloroform was used as a general anesthetic beginning in the late 1800s 
and was widely used for more than 100 years (Davison 1959), providing clear evidence for its 
neurological effects after inhalation exposure.  Case reports also show that chloroform 
induces CNS depression at high inhalation exposure levels in humans (Featherstone 1947; 
Smith et al. 1973; Whitaker and Jones 1965).  CNS depression has also been reported in 
individuals who intentionally or accidentally ingested the chemical (Piersol et al. 1933; 
Schroeder 1965; Storms 1973).  Chloroform may cause CNS depression via perturbation of 
the lipophilic cell membrane, which results in alterations in proteins that function as ion 
channels and/or neurotransmitter receptors (Harris and Groh 1985; Jenkins et al. 2001; 
Nakagawa et al. 2000). 

 
Presumed Health Effects 

• Respiratory effects:  There is inadequate evidence for respiratory effects from a single 
epidemiological study and a high level of evidence from several animal studies with consistent 
findings.  Other relevant data (case reports) were not sufficient to merit an increase in the hazard 
identification conclusion.  
o Evidence from epidemiological studies: A single epidemiological study reported no change in 

respiratory function in adults after a 40-minute swim in a chlorinated pool (Font-Ribera et al. 
2010); no other epidemiology studies of this endpoint were located, and no studies evaluating 
nasal effects in humans following exposure to chloroform were identified. 

o Evidence from animal studies: In animals, the nasal epithelium is a sensitive target of toxicity 
following inhalation and oral exposure (Section 2.4).  Damage to the lower respiratory tract 
in animals was generally only observed at lethal exposure levels (Bowman et al. 1978; Kasai 
et al. 2002; NCI 1976).  There is limited evidence of inflammatory responses in the lung at 
low inhalation exposure levels in mice (de Oliveira et al. 2015).   

o Other relevant data: Lung damage has been reported in several fatal cases of inhalation or 
oral exposure (Ago et al. 2011; Featherstone 1947; Giusti and Chiarotti 1981; Harada et al. 
1997; Piersol et al. 1933; Royston 1924; Schroeder 1965).  Changes in respiratory rate and/or 
respiratory arrest have been reported in human case reports of high exposure (Cui et al. 2022; 
Jayaweera et al. 2017; Storms 1973; Whitaker and Jones 1965) but these effects are likely 
secondary to CNS depression.   

• Renal effects: There is inadequate evidence for renal effects from limited epidemiological data 
and a high level of evidence from a large number of animal studies with consistent findings.  
Other relevant data (case reports) were not sufficient to merit an increase in the hazard 
identification conclusion.  
o Evidence from epidemiological studies: No changes in renal clinical chemistry values were 

observed in one occupational cohort (Li et al. 1993) or in a group of competitive swimmers 
exposed to chlorinated water during training (Aiking et al. 1994).   

o Evidence from animal studies: The kidney is a clear target of toxicity in animals.  Renal 
lesions have been observed in numerous studies following acute-, intermediate-, and chronic-
duration inhalation and oral studies in rodents; intermediate- and chronic-duration oral studies 
in dogs; and acute-duration oral and dermal studies in rabbits (Section 2.10).  Typical lesion 
progression begins with mild histopathological damage after low and/or brief exposures (e.g., 
tubular dilation, single-cell necrosis, renal cell proliferation) and progresses to severe 
nephropathy characterized by widespread necrosis and degeneration with higher and/or long-
term exposure.   

o Other relevant data: Case reports of fatal chloroform exposures have reported renal damage 
(Piersol et al. 1933; Royston 1924).  Additionally, reversible changes in renal clinical 
chemistry and urinalysis have been reported in nonfatal cases (Dettling et al. 2016; Gosselink 
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et al. 2012; Piersol et al. 1933; Schroeder 1965; Sridhar et al. 2011; Wallace 1950). 
Experimental studies demonstrate that renal effects are attributable to reactive intermediates 
produced during metabolism of chloroform (Constan et al. 1999; Culliford and Hewitt 1957; 
Liu et al. 2013; Weir et al. 2005). 

 
Suspected Health Effects 

• Developmental effects: There is inadequate evidence for developmental effects from 
epidemiological data and a moderate level of evidence from animal studies with some 
inconsistent findings.  Other relevant data were limited and did influence the hazard conclusion. 
o Evidence from epidemiological studies: Impaired growth (e.g., low birth weight, small for 

gestational age, decreased postnatal weight gain) has been associated with chloroform 
exposure from tap water in some epidemiological studies (Botton et al. 2015; Grazuleviciene 
et al. 2011; Kramer et al. 1992; Summerhayes et al. 2012; Sun et al. 2020; Wright et al. 2004; 
Zaganjor et al. 2020).  However, these findings were not observed in other studies (Bonou et 
al. 2017; Cao et al. 2016; Hinckley et al. 2005; Liu et al. 2021; Porter et al. 2005; Villanueva 
et al. 2011).  No clear associations were observed between chloroform exposure and birth 
defects (Dodds and King 2001; Grazuleviciene et al. 2013; Hoffman et al. 2008; Kaufman et 
al. 2018, 2020; Levallois et al. 2012; Rivera-Núñez and Wright 2013) or neurodevelopmental 
outcomes (Villanueva et al. 2018).  A meta-analysis identified a slight (5%) increase in risk 
of small for gestational age associated with increased chloroform levels in maternal drinking 
water; however, this increase in risk paralleled the increase (7%) observed for total 
trihalomethanes in drinking water (Summerhayes et al. 2021). 

o Evidence from animal studies: In animals, maternal inhalation during gestation was 
associated with birth defects in rats, such as missing ribs and acaudate fetuses with 
imperforate anus, and cleft palate in mice (Murray et al. 1979; Schwetz et al. 1974).  These 
defects were not observed in additional developmental studies in rats exposed via inhalation 
(Baeder and Hofmann 1988; EPA 1978) or rats or rabbits exposed orally (Ruddick et al. 
1983; Thompson et al. 1974).  However, delayed ossification and decreased fetal growth 
were reported in many developmental studies after inhalation or oral exposure, generally at 
maternally toxic exposure levels (Baeder and Hofmann 1988; Murray et al. 1979; Ruddick et 
al. 1983; Schwetz et al. 1974; Thompson et al. 1974). 

o Other relevant data: Chloroform is known to cross the placenta (Danielsson et al. 1986). 
 

Table C-19.  Hazard Identification Conclusions for Chloroform 
 

Outcome Hazard identification  
Respiratory effects  Presumed 
Hepatic effects Known 
Renal effects Presumed 
Neurological effects Known 
Developmental effects Suspected 
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APPENDIX D.  USER'S GUIDE 
 
Chapter 1.  Relevance to Public Health 
 
This chapter provides an overview of U.S. exposures, a summary of health effects based on evaluations of 
existing toxicologic, epidemiologic, and toxicokinetic information, and an overview of the minimal risk 
levels.  This is designed to present interpretive, weight-of-evidence discussions for human health 
endpoints by addressing the following questions: 
 
 1. What effects are known to occur in humans? 
 
 2. What effects observed in animals are likely to be of concern to humans? 
 
 3. What exposure conditions are likely to be of concern to humans, especially around hazardous 

waste sites? 
 
Minimal Risk Levels (MRLs) 
 
Where sufficient toxicologic information is available, ATSDR derives MRLs for inhalation and oral 
routes of entry at each duration of exposure (acute, intermediate, and chronic).  These MRLs are not 
meant to support regulatory action, but to acquaint health professionals with exposure levels at which 
adverse health effects are not expected to occur in humans. 
 
MRLs should help physicians and public health officials determine the safety of a community living near 
a hazardous substance emission, given the concentration of a contaminant in air or the estimated daily 
dose in water.  MRLs are based largely on toxicological studies in animals and on reports of human 
occupational exposure. 
 
MRL users should be familiar with the toxicologic information on which the number is based.  
Section 1.2, Summary of Health Effects, contains basic information known about the substance.  Other 
sections, such as Section 3.2 Children and Other Populations that are Unusually Susceptible and 
Section 3.4 Interactions with Other Substances, provide important supplemental information. 
 
MRL users should also understand the MRL derivation methodology.  MRLs are derived using a 
modified version of the risk assessment methodology that the Environmental Protection Agency (EPA) 
provides (Barnes and Dourson 1988) to determine reference doses (RfDs) for lifetime exposure.   
 
To derive an MRL, ATSDR generally selects the most sensitive endpoint which, in its best judgement, 
represents the most sensitive human health effect for a given exposure route and duration.  ATSDR 
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available 
for all potential systemic, neurological, and developmental effects.  If this information and reliable 
quantitative data on the chosen endpoint are available, ATSDR derives an MRL using the most sensitive 
species (when information from multiple species is available) with the highest no-observed-adverse-effect 
level (NOAEL) that does not exceed any adverse effect levels.  When a NOAEL is not available, a 
lowest-observed-adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor 
of 10 must be employed.  Additional uncertainty factors of 10 must be used both for human variability to 
protect sensitive subpopulations (people who are most susceptible to the health effects caused by the 
substance) and for interspecies variability (extrapolation from animals to humans).  In deriving an MRL, 
these individual uncertainty factors are multiplied together.  The product is then divided into the 
inhalation concentration or oral dosage selected from the study.  Uncertainty factors used in developing a 
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substance-specific MRL are provided in the footnotes of the levels of significant exposure (LSE) tables 
that are provided in Chapter 2.  Detailed discussions of the MRLs are presented in Appendix A. 
 
Chapter 2.  Health Effects 
 
Tables and Figures for Levels of Significant Exposure (LSE) 
 
Tables and figures are used to summarize health effects and illustrate graphically levels of exposure 
associated with those effects.  These levels cover health effects observed at increasing dose 
concentrations and durations, differences in response by species and MRLs to humans for noncancer 
endpoints.  The LSE tables and figures can be used for a quick review of the health effects and to locate 
data for a specific exposure scenario.  The LSE tables and figures should always be used in conjunction 
with the text.  All entries in these tables and figures represent studies that provide reliable, quantitative 
estimates of NOAELs, LOAELs, or Cancer Effect Levels (CELs). 
 
The legends presented below demonstrate the application of these tables and figures.  Representative 
examples of LSE tables and figures follow.  The numbers in the left column of the legends correspond to 
the numbers in the example table and figure. 
 
TABLE LEGEND 

See Sample LSE Table (page D-5) 
 
(1) Route of exposure.  One of the first considerations when reviewing the toxicity of a substance 

using these tables and figures should be the relevant and appropriate route of exposure.  
Typically, when sufficient data exist, three LSE tables and two LSE figures are presented in the 
document.  The three LSE tables present data on the three principal routes of exposure 
(i.e., inhalation, oral, and dermal).  LSE figures are limited to the inhalation and oral routes.  Not 
all substances will have data on each route of exposure and will not, therefore, have all five of the 
tables and figures.  Profiles with more than one chemical may have more LSE tables and figures. 

 
(2) Exposure period.  Three exposure periods—acute (<15 days), intermediate (15–364 days), and 

chronic (≥365 days)—are presented within each relevant route of exposure.  In this example, two 
oral studies of chronic-duration exposure are reported.  For quick reference to health effects 
occurring from a known length of exposure, locate the applicable exposure period within the LSE 
table and figure.  

 
(3) Figure key.  Each key number in the LSE table links study information to one or more data points 

using the same key number in the corresponding LSE figure.  In this example, the study 
represented by key number 51 identified NOAELs and less serious LOAELs (also see the three 
"51R" data points in sample LSE Figure 2-X). 

 
(4) Species (strain) No./group.  The test species (and strain), whether animal or human, are identified 

in this column.  The column also contains information on the number of subjects and sex per 
group.  Chapter 1, Relevance to Public Health, covers the relevance of animal data to human 
toxicity and Section 3.1, Toxicokinetics, contains any available information on comparative 
toxicokinetics.  Although NOAELs and LOAELs are species specific, the levels are extrapolated 
to equivalent human doses to derive an MRL. 

 
(5) Exposure parameters/doses.  The duration of the study and exposure regimens are provided in 

these columns.  This permits comparison of NOAELs and LOAELs from different studies.  In 
this case (key number 51), rats were orally exposed to “Chemical X” via feed for 2 years.  For a 
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more complete review of the dosing regimen, refer to the appropriate sections of the text or the 
original reference paper (i.e., Aida et al. 1992). 

 
(6) Parameters monitored.  This column lists the parameters used to assess health effects.  Parameters 

monitored could include serum (blood) chemistry (BC), biochemical changes (BI), body weight 
(BW), clinical signs (CS), developmental toxicity (DX), food intake (FI), gross necropsy (GN), 
hematology (HE), histopathology (HP), immune function (IX), lethality (LE), neurological 
function (NX), organ function (OF), ophthalmology (OP), organ weight (OW), reproductive 
function (RX), urinalysis (UR), and water intake (WI). 

 
(7) Endpoint.  This column lists the endpoint examined.  The major categories of health endpoints 

included in LSE tables and figures are death, body weight, respiratory, cardiovascular, 
gastrointestinal, hematological, musculoskeletal, hepatic, renal, dermal, ocular, endocrine, 
immunological, neurological, reproductive, developmental, other noncancer, and cancer.  "Other 
noncancer" refers to any effect (e.g., alterations in blood glucose levels) not covered in these 
systems.  In the example of key number 51, three endpoints (body weight, hematological, and 
hepatic) were investigated. 

 
(8) NOAEL.  A NOAEL is the highest exposure level at which no adverse effects were seen in the 

organ system studied.  The body weight effect reported in key number 51 is a NOAEL at 
25.5 mg/kg/day.  NOAELs are not reported for cancer and death; with the exception of these two 
endpoints, this field is left blank if no NOAEL was identified in the study. 

 
(9) LOAEL.  A LOAEL is the lowest dose used in the study that caused an adverse health effect.  

LOAELs have been classified into "Less Serious" and "Serious" effects.  These distinctions help 
readers identify the levels of exposure at which adverse health effects first appear and the 
gradation of effects with increasing dose.  A brief description of the specific endpoint used to 
quantify the adverse effect accompanies the LOAEL.  Key number 51 reports a less serious 
LOAEL of 6.1 mg/kg/day for the hepatic system, which was used to derive a chronic exposure, 
oral MRL of 0.008 mg/kg/day (see footnote "c").  MRLs are not derived from serious LOAELs.  
A cancer effect level (CEL) is the lowest exposure level associated with the onset of 
carcinogenesis in experimental or epidemiologic studies.  CELs are always considered serious 
effects.  The LSE tables and figures do not contain NOAELs for cancer, but the text may report 
doses not causing measurable cancer increases.  If no LOAEL/CEL values were identified in the 
study, this field is left blank. 

 
(10) Reference.  The complete reference citation is provided in Chapter 8 of the profile.  
 
(11) Footnotes.  Explanations of abbreviations or reference notes for data in the LSE tables are found 

in the footnotes.  For example, footnote "c" indicates that the LOAEL of 6.1 mg/kg/day in key 
number 51 was used to derive an oral MRL of 0.008 mg/kg/day. 

 
FIGURE LEGEND 

See Sample LSE Figure (page D-6) 
 
LSE figures graphically illustrate the data presented in the corresponding LSE tables.  Figures help the 
reader quickly compare health effects according to exposure concentrations for particular exposure 
periods. 
 
(13) Exposure period.  The same exposure periods appear as in the LSE table.  In this example, health 

effects observed within the chronic exposure period are illustrated. 
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(14) Endpoint.  These are the categories of health effects for which reliable quantitative data exist.  

The same health effect endpoints appear in the LSE table. 
 
(15) Levels of exposure.  Concentrations or doses for each health effect in the LSE tables are 

graphically displayed in the LSE figures.  Exposure concentration or dose is measured on the log 
scale "y" axis.  Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in 
mg/kg/day. 

 
(16) LOAEL.  In this example, the half-shaded circle that is designated 51R identifies a LOAEL 

critical endpoint in the rat upon which a chronic oral exposure MRL is based.  The key number 
51 corresponds to the entry in the LSE table.  The dashed descending arrow indicates the 
extrapolation from the exposure level of 6.1 mg/kg/day (see entry 51 in the sample LSE table) to 
the MRL of 0.008 mg/kg/day (see footnote "c" in the sample LSE table). 

 
(17) CEL.  Key number 59R is one of studies for which CELs were derived.  The diamond symbol 

refers to a CEL for the test species (rat).  The number 59 corresponds to the entry in the LSE 
table. 

 
(18) Key to LSE figure.  The key provides the abbreviations and symbols used in the figure. 
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APPENDIX E.  QUICK REFERENCE FOR HEALTH CARE PROVIDERS 
 
 
Toxicological Profiles are a unique compilation of toxicological information on a given hazardous 
substance.  Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation 
of available toxicologic and epidemiologic information on a substance.  Health care providers treating 
patients potentially exposed to hazardous substances may find the following information helpful for fast 
answers to often-asked questions. 
 
 
Primary Chapters/Sections of Interest 
 
Chapter 1:  Relevance to Public Health: The Relevance to Public Health Section provides an overview 

of exposure and health effects and evaluates, interprets, and assesses the significance of toxicity 
data to human health.  A table listing minimal risk levels (MRLs) is also included in this chapter. 

 
Chapter 2:  Health Effects: Specific health effects identified in both human and animal studies are 

reported by type of health effect (e.g., death, hepatic, renal, immune, reproductive), route of 
exposure (e.g., inhalation, oral, dermal), and length of exposure (e.g., acute, intermediate, and 
chronic).   

 NOTE: Not all health effects reported in this section are necessarily observed in the clinical 
setting.   

 
Pediatrics:    
 Section 3.2 Children and Other Populations that are Unusually Susceptible 
 Section 3.3  Biomarkers of Exposure and Effect  
 
 
ATSDR Information Center  
 
 Phone:   1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY)  
 Internet:  http://www.atsdr.cdc.gov 
 
ATSDR develops educational and informational materials for health care providers categorized by 
hazardous substance, clinical condition, and/or by susceptible population.  The following additional 
materials are available online: 
 
Clinician Briefs and Overviews discuss health effects and approaches to patient management in a 

brief/factsheet style.  They are narrated PowerPoint presentations with Continuing Education 
credit available (see https://www.atsdr.cdc.gov/emes/health_professionals/clinician-briefs-
overviews.html). 

 
Managing Hazardous Materials Incidents is a set of recommendations for on-scene (prehospital) and 

hospital medical management of patients exposed during a hazardous materials incident (see 
https://www.atsdr.cdc.gov/MHMI/index.asp).   

 
Fact Sheets (ToxFAQs™) provide answers to frequently asked questions about toxic substances (see 

https://www.atsdr.cdc.gov/toxfaqs/Index.asp). 
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Other Agencies and Organizations 
 
The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, 

injury, and disability related to the interactions between people and their environment outside the 
workplace.  Contact:  NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, GA 
30341-3724 • Phone:  770-488-7000 • FAX:  770-488-7015 • Web Page:  
https://www.cdc.gov/nceh/. 

 
The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational 

diseases and injuries, responds to requests for assistance by investigating problems of health and 
safety in the workplace, recommends standards to the Occupational Safety and Health 
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains 
professionals in occupational safety and health.  Contact: NIOSH, 400 7th Street, S.W., Suite 5W, 
Constitution Center, Washington, DC 20024 • Phone:  202-245-0625 or 1-800-CDC-INFO 
(800-232-4636) • Web Page: https://www.cdc.gov/niosh/. 

 
The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for 

biomedical research on the effects of chemical, physical, and biologic environmental agents on 
human health and well-being.  Contact:  NIEHS, PO Box 12233, 104 T.W. Alexander Drive, 
Research Triangle Park, NC 27709 • Phone:  919-541-3212 • Web Page: 
https://www.niehs.nih.gov/. 

 
 
Clinical Resources (Publicly Available Information) 
 
The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics 

in the United States to provide expertise in occupational and environmental issues.  Contact:  
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone:  202-347-4976 
• FAX:  202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page:  http://www.aoec.org/. 

 
The American College of Occupational and Environmental Medicine (ACOEM) is an association of 

physicians and other health care providers specializing in the field of occupational and 
environmental medicine.  Contact:  ACOEM, 25 Northwest Point Boulevard, Suite 700, Elk 
Grove Village, IL 60007-1030 • Phone:  847-818-1800 • FAX:  847-818-9266 • Web Page:  
http://www.acoem.org/. 

 
The American College of Medical Toxicology (ACMT) is a nonprofit association of physicians with 

recognized expertise in medical toxicology.  Contact:  ACMT, 10645 North Tatum Boulevard, 
Suite 200-111, Phoenix AZ 85028 • Phone:  844-226-8333 • FAX:  844-226-8333 • Web Page:  
http://www.acmt.net. 

 
The Pediatric Environmental Health Specialty Units (PEHSUs) is an interconnected system of specialists 

who respond to questions from public health professionals, clinicians, policy makers, and the 
public about the impact of environmental factors on the health of children and reproductive-aged 
adults.  Contact information for regional centers can be found at http://pehsu.net/findhelp.html. 

 
The American Association of Poison Control Centers (AAPCC) provide support on the prevention and 

treatment of poison exposures.  Contact:  AAPCC, 515 King Street, Suite 510, Alexandria VA 
22314 • Phone:  701-894-1858 • Poison Help Line: 1-800-222-1222 • Web Page:  
http://www.aapcc.org/. 
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APPENDIX F.  GLOSSARY 
 
 
Absorption—The process by which a substance crosses biological membranes and enters systemic 
circulation.  Absorption can also refer to the taking up of liquids by solids, or of gases by solids or liquids. 
 
Acute Exposure—Exposure to a chemical for a duration of ≤14 days, as specified in the Toxicological 
Profiles. 
 
Adsorption—The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the 
surfaces of solid bodies or liquids with which they are in contact. 
 
Adsorption Coefficient (Koc)—The ratio of the amount of a chemical adsorbed per unit weight of 
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium. 
 
Adsorption Ratio (Kd)—The amount of a chemical adsorbed by sediment or soil (i.e., the solid phase) 
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a 
fixed solid/solution ratio.  It is generally expressed in micrograms of chemical sorbed per gram of soil or 
sediment. 
 
Benchmark Dose (BMD) or Benchmark Concentration (BMC)—is the dose/concentration 
corresponding to a specific response level estimate using a statistical dose-response model applied to 
either experimental toxicology or epidemiology data.  For example, a BMD10 would be the dose 
corresponding to a 10% benchmark response (BMR).  The BMD is determined by modeling the dose-
response curve in the region of the dose-response relationship where biologically observable data are 
feasible.  The BMDL or BMCL is the 95% lower confidence limit on the BMD or BMC.   
 
Bioconcentration Factor (BCF)—The quotient of the concentration of a chemical in aquatic organisms 
at a specific time or during a discrete time period of exposure divided by the concentration in the 
surrounding water at the same time or during the same period. 
 
Biomarkers—Indicators signaling events in biologic systems or samples, typically classified as markers 
of exposure, effect, and susceptibility. 
 
Cancer Effect Level (CEL)—The lowest dose of a chemical in a study, or group of studies, that 
produces significant increases in the incidence of cancer (or malignant tumors) between the exposed 
population and its appropriate control. 
 
Carcinogen—A chemical capable of inducing cancer. 
 
Case-Control Study—A type of epidemiological study that examines the relationship between a 
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic 
chemicals).  In a case-control study, a group of people with a specified and well-defined outcome is 
identified and compared to a similar group of people without the outcome. 
 
Case Report—A report that describes a single individual with a particular disease or exposure.  These 
reports may suggest some potential topics for scientific research, but are not actual research studies. 
 
Case Series—Reports that describe the experience of a small number of individuals with the same 
disease or exposure.  These reports may suggest potential topics for scientific research, but are not actual 
research studies. 
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Ceiling Value—A concentration that must not be exceeded.  
 
Chronic Exposure—Exposure to a chemical for ≥365 days, as specified in the Toxicological Profiles. 
 
Clastogen—A substance that causes breaks in chromosomes resulting in addition, deletion, or 
rearrangement of parts of the chromosome. 
 
Cohort Study—A type of epidemiological study of a specific group or groups of people who have had a 
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are 
followed forward from exposure to outcome, and who are disease-free at start of follow-up.  Often, at 
least one exposed group is compared to one unexposed group, while in other cohorts, exposure is a 
continuous variable and analyses are directed towards analyzing an exposure-response coefficient. 
 
Cross-sectional Study—A type of epidemiological study of a group or groups of people that examines 
the relationship between exposure and outcome to a chemical or to chemicals at a specific point in time. 
 
Data Needs—Substance-specific informational needs that, if met, would reduce the uncertainties of 
human health risk assessment. 
 
Developmental Toxicity—The occurrence of adverse effects on the developing organism that may result 
from exposure to a chemical prior to conception (either parent), during prenatal development, or 
postnatally to the time of sexual maturation.  Adverse developmental effects may be detected at any point 
in the life span of the organism. 
 
Dose-Response Relationship—The quantitative relationship between the amount of exposure to a 
toxicant and the incidence of the response or amount of the response. 
  
Embryotoxicity and Fetotoxicity—Any toxic effect on the conceptus as a result of prenatal exposure to 
a chemical; the distinguishing feature between the two terms is the stage of development during which the 
effect occurs.  Effects include malformations and variations, altered growth, and in utero death. 
 
Epidemiology—The investigation of factors that determine the frequency and distribution of disease or 
other health-related conditions within a defined human population during a specified period.  
 
Excretion—The process by which metabolic waste products are removed from the body.  
  
Genotoxicity—A specific adverse effect on the genome of living cells that, upon the duplication of 
affected cells, can be expressed as a mutagenic, clastogenic, or carcinogenic event because of specific 
alteration of the molecular structure of the genome. 
 
Half-life—A measure of rate for the time required to eliminate one-half of a quantity of a chemical from 
the body or environmental media. 
 
Health Advisory—An estimate of acceptable drinking water levels for a chemical substance derived by 
EPA and based on health effects information.  A health advisory is not a legally enforceable federal 
standard, but serves as technical guidance to assist federal, state, and local officials. 
 
Immediately Dangerous to Life or Health (IDLH)—A condition that poses a threat of life or health, or 
conditions that pose an immediate threat of severe exposure to contaminants that are likely to have 
adverse cumulative or delayed effects on health. 
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Immunotoxicity—Adverse effect on the functioning of the immune system that may result from 
exposure to chemical substances.   
 
Incidence—The ratio of new cases of individuals in a population who develop a specified condition to 
the total number of individuals in that population who could have developed that condition in a specified 
time period.  
 
Intermediate Exposure—Exposure to a chemical for a duration of 15–364 days, as specified in the 
Toxicological Profiles. 
 
In Vitro—Isolated from the living organism and artificially maintained, as in a test tube. 
 
In Vivo—Occurring within the living organism. 
 
Lethal Concentration(LO) (LCLO)—The lowest concentration of a chemical in air that has been reported 
to have caused death in humans or animals. 
 
Lethal Concentration(50) (LC50)—A calculated concentration of a chemical in air to which exposure for 
a specific length of time is expected to cause death in 50% of a defined experimental animal population. 
 
Lethal Dose(LO) (LDLo)—The lowest dose of a chemical introduced by a route other than inhalation that 
has been reported to have caused death in humans or animals. 
 
Lethal Dose(50) (LD50)—The dose of a chemical that has been calculated to cause death in 50% of a 
defined experimental animal population. 
 
Lethal Time(50) (LT50)—A calculated period of time within which a specific concentration of a chemical 
is expected to cause death in 50% of a defined experimental animal population. 
 
Lowest-Observed-Adverse-Effect Level (LOAEL)—The lowest exposure level of chemical in a study, 
or group of studies, that produces statistically or biologically significant increases in frequency or severity 
of adverse effects between the exposed population and its appropriate control. 
 
Lymphoreticular Effects—Represent morphological effects involving lymphatic tissues such as the 
lymph nodes, spleen, and thymus. 
 
Malformations—Permanent structural changes that may adversely affect survival, development, or 
function. 
  
Metabolism—Process in which chemical substances are biotransformed in the body that could result in 
less toxic and/or readily excreted compounds or produce a biologically active intermediate. 
 
Minimal LOAEL—Indicates a minimal adverse effect or a reduced capacity of an organ or system to 
absorb additional toxic stress that does not necessarily lead to the inability of the organ or system to 
function normally. 
 
Minimal Risk Level (MRL)—An estimate of daily human exposure to a hazardous substance that is 
likely to be without an appreciable risk of adverse noncancer health effects over a specified route and 
duration of exposure. 
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Modifying Factor (MF)—A value (greater than zero) that is applied to the derivation of a Minimal Risk 
Level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty 
factors.  The default value for a MF is 1. 
 
Morbidity—The state of being diseased; the morbidity rate is the incidence or prevalence of a disease in 
a specific population. 
 
Mortality—Death; the mortality rate is a measure of the number of deaths in a population during a 
specified interval of time. 
 
Mutagen—A substance that causes mutations, which are changes in the DNA sequence of a cell’s DNA.  
Mutations can lead to birth defects, miscarriages, or cancer. 
 
Necropsy—The gross examination of the organs and tissues of a dead body to determine the cause of 
death or pathological conditions. 
 
Neurotoxicity—The occurrence of adverse effects on the nervous system following exposure to a 
hazardous substance. 
 
No-Observed-Adverse-Effect Level (NOAEL)—The exposure level of a chemical at which there were 
no statistically or biologically significant increases in frequency or severity of adverse effects seen 
between the exposed population and its appropriate control.  Although effects may be produced at this 
exposure level, they are not considered to be adverse. 
 
Octanol-Water Partition Coefficient (Kow)—The equilibrium ratio of the concentrations of a chemical 
in n-octanol and water, in dilute solution. 
 
Odds Ratio (OR)—A means of measuring the association between an exposure (such as toxic substances 
and a disease or condition) that represents the best estimate of relative risk (risk as a ratio of the incidence 
among subjects exposed to a particular risk factor divided by the incidence among subjects who were not 
exposed to the risk factor).  An odds ratio that is greater than 1 is considered to indicate greater risk of 
disease in the exposed group compared to the unexposed group. 
 
Permissible Exposure Limit (PEL)—An Occupational Safety and Health Administration (OSHA) 
regulatory limit on the amount or concentration of a substance not to be exceeded in workplace air 
averaged over any 8-hour work shift of a 40-hour workweek. 
 
Pesticide—General classification of chemicals specifically developed and produced for use in the control 
of agricultural and public health pests (insects or other organisms harmful to cultivated plants or animals). 
 
Pharmacokinetics—The dynamic behavior of a material in the body, used to predict the fate 
(disposition) of an exogenous substance in an organism.  Utilizing computational techniques, it provides 
the means of studying the absorption, distribution, metabolism, and excretion of chemicals by the body. 
 
Pharmacokinetic Model—A set of equations that can be used to describe the time course of a parent 
chemical or metabolite in an animal system.  There are two types of pharmacokinetic models:  data-based 
and physiologically-based.  A data-based model divides the animal system into a series of compartments, 
which, in general, do not represent real, identifiable anatomic regions of the body, whereas the 
physiologically-based model compartments represent real anatomic regions of the body. 
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Physiologically Based Pharmacodynamic (PBPD) Model—A type of physiologically based dose-
response model that quantitatively describes the relationship between target tissue dose and toxic 
endpoints.  These models advance the importance of physiologically based models in that they clearly 
describe the biological effect (response) produced by the system following exposure to an exogenous 
substance.  
 
Physiologically Based Pharmacokinetic (PBPK) Model—A type of physiologically based dose-
response model that is comprised of a series of compartments representing organs or tissue groups with 
realistic weights and blood flows.  These models require a variety of physiological information, including 
tissue volumes, blood flow rates to tissues, cardiac output, alveolar ventilation rates, and possibly 
membrane permeabilities.  The models also utilize biochemical information, such as blood:air partition 
coefficients, and metabolic parameters.  PBPK models are also called biologically based tissue dosimetry 
models. 
 
Prevalence—The number of cases of a disease or condition in a population at one point in time.  
 
Prospective Study—A type of cohort study in which a group is followed over time and the pertinent 
observations are made on events occurring after the start of the study.   
 
Recommended Exposure Limit (REL)—A National Institute for Occupational Safety and Health 
(NIOSH) time-weighted average (TWA) concentration for up to a 10-hour workday during a 40-hour 
workweek. 
 
Reference Concentration (RfC)—An estimate (with uncertainty spanning perhaps an order of 
magnitude) of a continuous inhalation exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious noncancer health effects during a lifetime.  
The inhalation RfC is expressed in units of mg/m3 or ppm. 
 
Reference Dose (RfD)—An estimate (with uncertainty spanning perhaps an order of magnitude) of the 
daily oral exposure of the human population to a potential hazard that is likely to be without risk of 
deleterious noncancer health effects during a lifetime.  The oral RfD is expressed in units of mg/kg/day.   
 
Reportable Quantity (RQ)—The quantity of a hazardous substance that is considered reportable under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  RQs are 
(1) ≥1 pound or (2) for selected substances, an amount established by regulation either under CERCLA or 
under Section 311 of the Clean Water Act.  Quantities are measured over a 24-hour period. 
 
Reproductive Toxicity—The occurrence of adverse effects on the reproductive system that may result 
from exposure to a hazardous substance.  The toxicity may be directed to the reproductive organs and/or 
the related endocrine system.  The manifestation of such toxicity may be noted as alterations in sexual 
behavior, fertility, pregnancy outcomes, or modifications in other functions that are dependent on the 
integrity of this system. 
 
Retrospective Study—A type of cohort study based on a group of persons known to have been exposed 
at some time in the past.  Data are collected from routinely recorded events, up to the time the study is 
undertaken.  Retrospective studies are limited to causal factors that can be ascertained from existing 
records and/or examining survivors of the cohort. 
 
Risk—The possibility or chance that some adverse effect will result from a given exposure to a hazardous 
substance. 
 



CHLOROFORM  F-6 
 

APPENDIX F 
 
 

 

Risk Factor—An aspect of personal behavior or lifestyle, an environmental exposure, existing health 
condition, or an inborn or inherited characteristic that is associated with an increased occurrence of 
disease or other health-related event or condition. 
 
Risk Ratio/Relative Risk—The ratio of the risk among persons with specific risk factors compared to the 
risk among persons without risk factors.  A risk ratio that is greater than 1 indicates greater risk of disease 
in the exposed group compared to the unexposed group. 
 
Serious LOAEL—A dose that evokes failure in a biological system and can lead to morbidity or 
mortality. 
 
Short-Term Exposure Limit (STEL)—A STEL is a 15-minute TWA exposure that should not be 
exceeded at any time during a workday.   
 
Standardized Mortality Ratio (SMR)—A ratio of the observed number of deaths and the expected 
number of deaths in a specific standard population. 
 
Target Organ Toxicity—This term covers a broad range of adverse effects on target organs or 
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited 
exposure to those assumed over a lifetime of exposure to a chemical. 
 
Teratogen—A chemical that causes structural defects that affect the development of an organism. 
 
Threshold Limit Value (TLV)—An American Conference of Governmental Industrial Hygienists 
(ACGIH) concentration of a substance to which it is believed that nearly all workers may be repeatedly 
exposed, day after day, for a working lifetime without adverse effect.  The TLV may be expressed as a 
Time-Weighted Average (TLV-TWA), as a Short-Term Exposure Limit (TLV-STEL), or as a ceiling 
limit (TLV-C). 
 
Time-Weighted Average (TWA)—An average exposure within a given time period.   
 
Toxicokinetic—The absorption, distribution, metabolism, and elimination of toxic compounds in the 
living organism. 
 
Toxics Release Inventory (TRI)—The TRI is an EPA program that tracks toxic chemical releases and 
pollution prevention activities reported by industrial and federal facilities.   
 
Uncertainty Factor (UF)—A factor used in operationally deriving the Minimal Risk Level (MRL), 
Reference Dose (RfD), or Reference Concentration (RfC) from experimental data.  UFs are intended to 
account for (1) the variation in sensitivity among the members of the human population, (2) the 
uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from 
data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using lowest-
observed-adverse-effect level (LOAEL) data rather than no-observed-adverse-effect level (NOAEL) data.  
A default for each individual UF is 10; if complete certainty in data exists, a value of 1 can be used; 
however, a reduced UF of 3 may be used on a case-by-case basis (3 being the approximate logarithmic 
average of 10 and 1). 
 
Xenobiotic—Any substance that is foreign to the biological system. 
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AAPCC American Association of Poison Control Centers 
ACGIH American Conference of Governmental Industrial Hygienists 
ACOEM American College of Occupational and Environmental Medicine 
ACMT American College of Medical Toxicology 
ADI acceptable daily intake 
ADME absorption, distribution, metabolism, and excretion 
AEGL Acute Exposure Guideline Level 
AIC Akaike’s information criterion  
AIHA American Industrial Hygiene Association  
ALT alanine aminotransferase 
AOEC Association of Occupational and Environmental Clinics 
AP alkaline phosphatase 
AST aspartate aminotransferase 
atm atmosphere 
ATSDR Agency for Toxic Substances and Disease Registry 
AWQC Ambient Water Quality Criteria 
BCF bioconcentration factor 
BMD/C benchmark dose or benchmark concentration 
BMDX dose that produces a X% change in response rate of an adverse effect 
BMDLX 95% lower confidence limit on the BMDX 
BMDS Benchmark Dose Software 
BMR benchmark response 
BUN  blood urea nitrogen  
C centigrade 
CAA Clean Air Act 
CAS Chemical Abstract Services 
CDC Centers for Disease Control and Prevention 
CEL cancer effect level 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
Ci curie 
CI confidence interval 
cm centimeter 
CPSC Consumer Products Safety Commission 
CWA Clean Water Act 
DNA deoxyribonucleic acid 
DOD Department of Defense 
DOE Department of Energy 
DWEL drinking water exposure level 
EAFUS  Everything Added to Food in the United States  
ECG/EKG electrocardiogram 
EEG electroencephalogram 
EPA Environmental Protection Agency 
ERPG  emergency response planning guidelines  
F Fahrenheit 
F1 first-filial generation 
FDA Food and Drug Administration 
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 
FR Federal Register 
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FSH follicle stimulating hormone 
g gram 
GC gas chromatography 
gd gestational day 
GGT γ-glutamyl transferase  
GRAS  generally recognized as safe  
HEC  human equivalent concentration  
HED  human equivalent dose  
HHS  Department of Health and Human Services  
HPLC high-performance liquid chromatography 
HSDB Hazardous Substances Data Bank  
IARC International Agency for Research on Cancer 
IDLH immediately dangerous to life and health 
IRIS Integrated Risk Information System 
Kd adsorption ratio 
kg kilogram 
kkg kilokilogram; 1 kilokilogram is equivalent to 1,000 kilograms and 1 metric ton 
Koc organic carbon partition coefficient 
Kow octanol-water partition coefficient 
L liter 
LC liquid chromatography 
LC50 lethal concentration, 50% kill 
LCLo lethal concentration, low 
LD50 lethal dose, 50% kill 
LDLo lethal dose, low 
LDH lactate dehydrogenase 
LH luteinizing hormone 
LOAEL lowest-observed-adverse-effect level 
LSE Level of Significant Exposure 
LT50 lethal time, 50% kill 
m meter 
mCi millicurie 
MCL maximum contaminant level 
MCLG maximum contaminant level goal 
MF modifying factor 
mg milligram 
mL milliliter 
mm millimeter 
mmHg millimeters of mercury 
mmol millimole 
MRL Minimal Risk Level 
MS mass spectrometry 
MSHA Mine Safety and Health Administration 
Mt metric ton 
NAAQS National Ambient Air Quality Standard 
NAS National Academy of Science 
NCEH National Center for Environmental Health 
ND not detected 
ng nanogram 
NHANES National Health and Nutrition Examination Survey 
NIEHS National Institute of Environmental Health Sciences 
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NIOSH National Institute for Occupational Safety and Health 
NLM National Library of Medicine 
nm nanometer 
nmol nanomole 
NOAEL no-observed-adverse-effect level 
NPL National Priorities List 
NR not reported 
NRC National Research Council 
NS not specified 
NTP National Toxicology Program 
OR odds ratio 
OSHA Occupational Safety and Health Administration 
PAC  Protective Action Criteria  
PAH polycyclic aromatic hydrocarbon 
PBPD physiologically based pharmacodynamic  
PBPK physiologically based pharmacokinetic  
PEHSU Pediatric Environmental Health Specialty Unit 
PEL permissible exposure limit 
PEL-C permissible exposure limit-ceiling value 
pg picogram 
PND postnatal day 
POD point of departure 
ppb parts per billion 
ppbv parts per billion by volume 
ppm parts per million 
ppt parts per trillion 
REL recommended exposure limit 
REL-C recommended exposure level-ceiling value 
RfC reference concentration 
RfD reference dose 
RNA ribonucleic acid 
SARA Superfund Amendments and Reauthorization Act 
SCE sister chromatid exchange 
SD standard deviation 
SE standard error 
SGOT serum glutamic oxaloacetic transaminase (same as aspartate aminotransferase or AST) 
SGPT serum glutamic pyruvic transaminase (same as alanine aminotransferase or ALT) 
SIC standard industrial classification 
SMR standardized mortality ratio 
sRBC sheep red blood cell 
STEL short term exposure limit 
TLV threshold limit value 
TLV-C threshold limit value-ceiling value 
TRI Toxics Release Inventory 
TSCA Toxic Substances Control Act 
TWA time-weighted average 
UF uncertainty factor 
U.S. United States 
USDA United States Department of Agriculture 
USGS United States Geological Survey 
USNRC U.S. Nuclear Regulatory Commission 
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VOC volatile organic compound 
WBC white blood cell 
WHO World Health Organization 
 
> greater than 
≥ greater than or equal to 
= equal to 
< less than 
≤ less than or equal to 
% percent 
α alpha 
β beta 
γ gamma 
δ delta 
μm micrometer 
μg microgram 
q1

* cancer slope factor 
– negative 
+ positive 
(+) weakly positive result 
(–) weakly negative result 
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