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UPDATE STATEMENT
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Mailstop F-32
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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 the hazardous substance described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a hazardous 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 public health statement that describes, in nontechnical language, a substance's
relevant toxicological properties. Following the public health statement is information concerning levels of
significant human exposure and, where known, significant health effects. 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 protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human
exposure for the substance and the associated acute, subacute, and chronic health effects;

(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, subacute, 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. Staff 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.

s (Rise
Julie Louise Gerberdin. M.P.H.
Administrator

Agency for Toxic Substances and
Disease Registry
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*_egislative Background

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law directed ATSDR to prepare toxicological profiles for hazardous substances most commonly found at
facilities on the CERCLA National Priorities List and that pose the most significant potential threat to
human health, as determined by ATSDR and the EPA. The availability of the revised priority list of 275
hazardous substances was announced in the Federal Register on November 7, 2003 (68 FR 63098) . For
prior versions of the list of substances, see Federal Register notices dated April 17, 1987 (52 FR 12866);
October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17,1990 (55 FR 42067);
October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); February 28, 1994 (59 FR 9486);
April 29, 1996 (61 FR 18744); November 17, 1997 (62 FR 61332); October 21, 1999(64 FR 56792) and
October 25, 2001 (66 FR 54014). Section 104(i)(3) of CERCLA, as amended, directs the Administrator of
ATSDR to prepare a toxicological profile for each substance on the list.
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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 will find the following information helpful for fast
answers to often-asked questions.

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance. It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of
the general health effects observed following exposure.

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets,
and assesses the significance of toxicity data to human health.

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length
of exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section.

NOTE: Not all health effects reported in this section are necessarily observed in the clinical
setting. Please refer to the Public Health Statement to identify general health effects observed
following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.8 Biomarkers of Exposure and Effect
Section 3.11  Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-888-42-ATSDR or (404) 498-0110  Fax: (770) 488-4178
E-mail: atsdric@cdc.gov Internet: http://www.atsdr.cdc.gov

The following additional material can be ordered through the ATSDR Information Center:
Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an

exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental
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Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.

Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident. Volumes I and 11 are planning guides to assist first responders and hospital emergency
department personnel in planning for incidents that involve hazardous materials. Volume I11—
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care
professionals treating patients exposed to hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

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.

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, 200 Independence Avenue,
SW, Washington, DC 20201 « Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
* Phone: 800-35-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.

Referrals

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:
AOQOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 ¢ Phone: 202-347-4976
e 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.
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2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific Minimal Risk Levels (MRLSs), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLSs.
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consistency across profiles and adherence to instructions in the Guidance.
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1. Finis Cavender, Ph.D., DABT, Consultant in Toxicology, CEIl, Greer, South Carolina;

2. Lisa Kamendulis, Ph.D., Assistant Scientist, Department of Pharmacology and Toxicology,
Indiana University School of Medicine; Associate Director, Indiana State Department of
Toxicology, Indianapolis, Indiana; and

3. Julie Stickney, Ph.D., Principal Scientist, ARCADIS G&M, Inc., Portland, Maine.

These experts collectively have knowledge of carbon tetrachloride's physical and chemical properties,
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and
guantification of risk to humans. All reviewers were selected in conformity with the conditions for peer
review specified in Section 104(1)(13) of the Comprehensive Environmental Response, Compensation,
and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers' comments and determined which comments will be included in the profile. A listing of the
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound.

The citation of the peer review panel should not be understood to imply its approval of the profile's final
content. The responsibility for the content of this profile lies with the ATSDR.






CARBON TETRACHLORIDE Xiii

CONTENTS
DISCLAIMER ..ottt bbbt b bbbt e et bbbt ii
UPDATE STATEMENT ..ottt bbbt b et bbbt bbbt en b b iii
FOREWORD ..ottt h bbb bbbt bbbt b bt et n e nn e v
QUICK REFERENCE FOR HEALTH CARE PROVIDERS.........coccooiiiiiiiiistse e vii
CONTRIBUTORS ...ttt bbb bbbt b bbbt ket b et e bbb iX
PEER REVIEW ...tttk b bbbt b et eb et b et Xi
CONTENT S ettt bbb e bbb bbb bbb bbbt b bt b et e ettt nn e Xiii
LIST OF FIGURES ...tttk bbbt bbbt b ettt b et XVii
LIST OF TABLES. ...ttt bbbt b et b ettt n et et n b Xix
1. PUBLIC HEALTH STATEMENT .....oouiiitiiiite it 1
11 WHAT IS CARBON TETRACHLORIDE? ..ottt s 1
1.2 WHAT HAPPENS TO CARBON TETRACHLORIDE WHEN IT ENTERS THE
ENVIRONMENT? ..ottt 2
1.3 HOW MIGHT | BE EXPOSED TO CARBON TETRACHLORIDE? ......ccoviiiiiiieieeins 3
14 HOW CAN CARBON TETRACHLORIDE ENTER AND LEAVE MY BODY?........cccceeuu.e. 4
15 HOW CAN CARBON TETRACHLORIDE AFFECT MY HEALTH?......ccoovvviiiiiiice 4
1.6 HOW CAN CARBON TETRACHLORIDE AFFECT CHILDREN?.......ccccoviiiiiiiiiciie 7
1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO CARBON
TETRACHLORIDE? ...ttt 8
1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN EXPOSED
TO CARBON TETRACHLORIDE? ..ottt 8
1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?.....ooiiiiiiii et 9
1.10  WHERE CAN | GET MORE INFORMATION? .....coiiiiiiiiiese e 10
2. RELEVANCE TO PUBLIC HEALTH ..ottt 13
2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO CARBON
TETRACHLORIDE IN THE UNITED STATES........cii it 13
2.2 SUMMARY OF HEALTH EFFECTS ..ottt 14
2.3 MINIMAL RISK LEVELS ..ot 19
3. HEALTH EFFECTS ...ttt bbbt b ekt b et b et ben et nnenenas 27
3.1 INTRODUCTION ...ttt bbbttt 27
3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE .........ccccovniiniiiiine. 27
3.2.1  INNAIAtioN EXPOSUIE ...oeeieieiee ettt sttt ettt e ste s e saeeteeneesaeeneeneesneeneenes 28
3211 DIBALN ... 28
3.2.1.2 SYSIEMIC EFFECIS ...viiiiic s 45
3.2.1.3 Immunological and Lymphoreticular EFfeCts...........cocooviiiiiiniicicceec e 54
3.2.14 NEeUrologiCal EFfECLS.......coiiie et 54
3.2.15 ReProductive EFfECES ......voiviiicc e s 55
3.2.1.6 Developmental EFfECTS ........ooiiiiiiiici e 56
3.2.1.7 LOF: 10 [0l T PP PPV PRTO 56
K O 1 - | I =t o [0 LU USSR 59
3221 DIBALN ... s 59

3.2.2.2 SYSIEMIC EFTECLS ...t e 76



CARBON TETRACHLORIDE Xiv

3.2.2.3 Immunological and Lymphoreticular EFfeCts..........ccocooviiiiiiniieccecc e 83
3.2.24 NEeUrologiCal EFfECS.......ooiiie e 83
3.2.2.5 ReproduCtive EFfECLS.......ccciiiiie e 84
3.2.2.6 Developmental EFfECTS .......ooiiiiiiiicii e 85
3.2.2.7 L0 13T T TP UUR TP 86
e T B LT 1 L d o1 U= USSR 87
3.23.1 DIBALN ...ttt bttt ereas 90
3.2.3.2 SYSIEMIC EFTECES ... s 90
3.2.3.3 Immunological and Lymphoreticular EffectS.........cccooiiiiieiiiee e 92
3.2.3.4  Neurological EFfECES ......cciiiiii e 92
3.2.35 ReProduCtiVe EFFECES ......cvoiviiiieicic s 92
3.2.3.6 Developmental EFFECES .........oooiiieiee e 92
3.2.3.7 L0 13Tl O TP PP P UUR TR OPPTRN 93

3.3 GENOTOXICITY ottt bbbttt b e bbbt bt bbbt e e neeneas 93
3.4 TOXICOKINETICS ...ttt ettt e sae et e e eneeseatessesbesaenseneenens 102
B R N o 11 o] [ o SR 103
34.1.1 INNAIALION EXPOSUIE......viviieieie ettt ettt sttt sttt ra e sreanas 103
34.1.2  OFal EXPOSUIE ...ttt bbbttt 103
3.4.1.3  DEIMAl EXPOSUIE ...cuviieiiuiiieeteenie st etee e steesee e sseeseesteeneeseeeseenaesteaseeneesseeneesseaseeseesseaneeseens 104
34.2  DISHIDULION ..ottt bbbt b e bbbt 105
34.21 INNAIATION EXPOSUIE ...ttt 105
3.4.2.2 OFal EXPOSUIE ...ttt ettt etttk r e be et e enbeaseestesteenaeseeeseennenneas 106
3.4.2.3 DErmMal EXPOSUIE ....cvviieieiieeciee st e st et eeee e te e ste et s e e s e e s e e teesbeesteesbeesnneeneeeneeeeeenneees 107
343 MELADOLISM . ...ttt 107
3.4.4  ElMINation and EXCrELION........ciiiiiieiiiiiie ettt saesteeaeseesnaenae e s 111
34.4.1 INNAIALION EXPOSUIE.......oeiiieeiece st ettt ee e e e 111
3442 OFal EXPOSUIE ....veviceiiie it ettt sttt ettt e ba e s aeste e s e sbessaesbesbe e st e stessaeseesteeneenreas 113
3443 DErMal EXPOSUIE .....cviiiteiiiteeeee sttt 113
3444 Other ROULES OF EXPOSUIE ......oiuiiiieieeieesie ettt enee e 114
3.4.5  Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models............ 115
35 MECHANISMS OF ACTION ..ottt sttt ans 121
3.5.1  PharmacokKinetic MECHANISIMS .........oiiiieieeie ettt e 121
3.5.2  MechanisSmS OF TOXICITY .....cccueiiuiiiiiiiieie e see s sttt e e e e ee e s re e sreesreesnaennees 122
3.5.3  Animal-to-Human EXtrapolationsS ...........cccocveiiiiiii et 130
3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS ......ccccceiviinnn. 130
3.7 CHILDREN’S SUSCEPTIBILITY L.otiieieieieese sttt 132
3.8 BIOMARKERS OF EXPOSURE AND EFFECT ....covoiiiiiiiiicce s 135
3.8.1  Biomarkers Used to Identify or Quantify Exposure to Carbon Tetrachloride .................... 136
3.8.2  Biomarkers Used to Characterize Effects Caused by Carbon Tetrachloride....................... 137
3.9 INTERACTIONS WITH OTHER CHEMICALS ..ottt 140
3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE........ccccooiiiiiiinineee 147
3.11 METHODS FOR REDUCING TOXIC EFFECTS......ccccoeiiiieiiesenesieieeeie e 150
3.11.1 Reducing Peak Absorption FOHOWING EXPOSUIE .......cccveieeiieiiie e e siee e e eneee e 151
3.11.2  Reducing BOAY BUIGEN ........ccviiiiiieciecie et sttt sreere e 151
3.11.3 Interfering with the Mechanism of Action for Toxic Effects ..........cccocvvevvievcviiviieinnnn, 152
3.12  ADEQUACY OF THE DATABASE.......oct ettt 158
3.12.1 Existing Information on Health Effects of Carbon Tetrachloride.............ccccoceveevnnnnnnns 158
3.12.2 Identification Of Data NEEAS .........cvevviiiiiieii e 160

3.12.3 (@ 0o ToT a0 IS (8L 1TSS 167



CARBON TETRACHLORIDE XV

4., CHEMICAL AND PHYSICAL INFORMATION......occtiit ettt e vten s svaea e s 171
4.1 CHEMICAL IDENTITY ¢ttt sttt et e st s s st e e st e s st a e e st e e sba s s ebe e s sabasebae s 171
4.2 PHYSICAL AND CHEMICAL PROPERTIES......c..ooooie ettt 171

5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL ......c..oocoie ettt 175
5.1 (gm0 ] 516 O I O]\ TR 175
5.2 IMPORT/EXPORT .ottt ettt eb e st s et e e sb e st e s sb b e s st e e s ebae s sabe s e sraeenres 175
5.3 L] TR 176
5.4 DISPOSAL ...ttt ettt ettt e ettt e st e e e s bt e e s te e s b e e e sh b e e et e e e ereeesbeeeareeesraean 176

6. POTENTIAL FOR HUMAN EXPOSURE ...ttt ettt 179
6.1 OVERVIEW ...ttt ettt ettt ettt ettt e et e e st e s et e e e et e e e sabe e e ebesesaeeesabessesbeeesaens 179
6.2 RELEASES TO THE ENVIRONMENT ....oviiiiii ettt st 179

(ST N 1 RN 181
L VL -\ (-] 181
B.2.3 SO0l it — e e e s e et e e st e e abe e s s aeesbaean 183
6.3 ENVIRONMENTAL FATE. ..ottt ettt sttt e e sab e s saae e eaee s 184
6.3.1  Transport and Partitioning...........cooereiieiiiniiiite et 184
6.3.2  Transformation and Degradation ............ccccceeeeriiiieieneie e s 185
6.3.2.1 1 TR 185
6.3.2.2 WWALEE . 186
6.3.2.3 SEAIMENT AN SOH...ceiiieeiiii e e e s ab e e e e eaes 187

6.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT .......coocviiiiiieiiee 187
ST 5 N 1 R 187
L VLY - (=T 189
6.4.3  SEAdIMENT AN SOOIl ... s e e e s sba e e e s sabeee s 189
6.4.4  Other ENVIronmMENtal IMEAIA........cc.coiiiiiiie ittt sre e 190
6.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE .........ccocveevveeiiieeceeen, 190
6.6 EXPOSURES OF CHILDREN ...ttt ettt sttt e s svan e st n s saae s s 192
6.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES ........coooveiiiieciee e, 193
6.8 ADEQUACY OF THE DATABASE ...ttt ettt 194
6.8.1 Identification Of Data NEEAS ........ocoivviii i sabe e e eres 194
TR 7 @ T To o] [ o IS (1 o [T S 198

7. ANALYTICAL METHODS ...ttt ettt ettt ettt sttt s bt e sttt e st e e st e e e sateestesssbeeesabeesssees 199
7.1 BIOLOGICAL MATERIALS ...ttt sttt ae s st s s sabe e sbae e 199
7.2 ENVIRONMENTAL SAMPLES........o oottt sttt 200
7.3 ADEQUACY OF THE DATABASE. ...ttt sttt 202

7.3.1 Identification Of Data NEEUS .......cccoicveiii i a e e s sabee e e b 204
A8 7 © T4 To o] [ o IS (1 o [T RS 205
8. REGULATIONS AND ADVISORIES .......o oottt ettt ettt st etan s srta s etan e sree s 207
SR = O S 213

10. GLOSSARY .ot R R rs 303



CARBON TETRACHLORIDE XVi

APPENDICES

A. ATSDR MINIMAL RISK LEVELS AND WORKSHEETS ..o A-1
B. USER’S GUIDE........o it nr e nesn e n e en e ne s B-1
C. ACRONYMS, ABBREVIATIONS, AND SYMBOLS........cccooiiiiiiii C-1

D, INDEX iR R R Rt r e e ne s D-1



CARBON TETRACHLORIDE Xvii

3-1.

3-3.

3-4.

3-5.

6-1.

LIST OF FIGURES

Levels of Significant Exposure to Carbon Tetrachloride - Inhalation ...........ccccccooveviviiveieeine. 41
Levels of Significant Exposure to Carbon Tetrachloride — Oral..........cccocevvvviieveiiiie e 72
Pathways of Carbon Tetrachloride MetabolisSm..........cccooiiiiiiiciiic e 108
Conceptual Representation of a Physiologically Based Pharmacokinetic (PBPK) Model for a

Hypothetical Chemical SUDSIANCE ........ccooviiiece e 117
Physiologically Based Pharmacokinetic Model for Inhaled Carbon Tetrachloride..................... 118
Existing Information on Health Effects of Carbon Tetrachloride..........c.cccooveviiiiiiiicinceie, 159

Frequency of NPL Sites with Carbon Tetrachloride Contamination............cc.ccoocveoeveicveieinnnnn, 180






CARBON TETRACHLORIDE XixX

3-1.

3-3.

3-4.

3-6.

3-7.

3-8.

4-1.

5-1.

6-1.

7-1.

8-1.

LIST OF TABLES
Levels of Significant Exposure to Carbon Tetrachloride - Inhalation ............c.cccocooiiiiiinicinneen 29
Levels of Significant Exposure to Carbon Tetrachloride - Oral ..........ccccoeeivviviveieiceie e 60

Summary of Carcinogenic Unit Risk Calculations for Oral Exposure to Carbon Tetrachloride... 88

Levels of Significant Exposure to Carbon Tetrachloride - Dermal .........c.ccccoovevevviienieiveieienens 89
Genotoxicity of Carbon Tetrachloride IN VIVO .......ccccveiiiiiiciice e 94
Genotoxicity of Carbon Tetrachloride IN VItr0........coooeoiiiiiiiiee e 96
Parameters in PBPK Models for Carbon tetrachloride ............ccoccoovveiiiiiiiiniincccce, 119
Ongoing Studies on the Health Effects of Carbon Tetrachloride ..........ccccoeviiviivicvic i, 168
Chemical Identity of Carbon TetraChloride ...........ccooiiiiiiiii s 172
Physical and Chemical Properties of Carbon Tetrachloride ...........cccocevviiveviiiiic i, 173
Facilities that Produce, Process, or Use Carbon TetraChloride.......ccouvveeveeeiiieeeiieeeeeeeeeeienene s 177

Releases to the Environment from Facilities that Produce, Process, or Use Carbon

BICC] £ (o 0] (o] T [ SR 182
Analytical Methods for Determining Carbon Tetrachloride in Biological Materials. .................. 201
Analytical Methods for Determining Carbon Tetrachloride in Environmental Samples............. 203

Regulations and Guidelines Applicable to Carbon Tetrachloride..........ccccovevvieiivicieii i 208






CARBON TETRACHLORIDE 1

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about carbon tetrachloride and the effects of exposure to it.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in
the nation. These sites are then placed on the National Priorities List (NPL) and are targeted for
long-term federal clean-up activities. Carbon tetrachloride has been found in at least 430 of the
1,662 current or former NPL sites. Although the total number of NPL sites evaluated for this
substance is not known, the possibility exists that the number of sites at which carbon
tetrachloride is found may increase in the future as more sites are evaluated. This information is
important because these sites may be sources of exposure and exposure to this substance may

harm you.

When a substance is released either from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment. Such a release does not always
lead to exposure. You can be exposed to a substance only when you come in contact with it.
You may be exposed by breathing, eating, or drinking the substance, or by skin contact.

If you are exposed to carbon tetrachloride, many factors will determine whether you will be
harmed. These factors include the dose (how much), the duration (how long), and how you
come in contact with it. You must also consider any other chemicals you are exposed to and

your age, sex, diet, family traits, lifestyle, and state of health.

1.1 WHAT IS CARBON TETRACHLORIDE?

Carbon tetrachloride is a clear liquid that evaporates very easily. Most carbon tetrachloride that
escapes to the environment is therefore found as a gas. Carbon tetrachloride does not easily
burn. Carbon tetrachloride has a sweet odor, and most people can begin to smell it in air when

the concentration reaches 10 parts carbon tetrachloride per million parts of air (ppm). It is not
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1. PUBLIC HEALTH STATEMENT

known whether people can taste it or, if they can, at what level. Carbon tetrachloride is a

manufactured chemical and does not occur naturally in the environment,

Carbon tetrachloride has been produced in large quantities to make refrigeration fluid and
propellants for aerosol cans. Since many refrigerants and aerosol propellants have been found to
affect the earth's ozone layer, the production of these chemicals is being phased out.

Consequently, the manufacture and use of carbon tetrachloride has declined a great deal.

In the past, carbon tetrachloride was widely used as a cleaning fluid (in industry and dry cleaning
establishments as a degreasing agent, and in households as a spot remover for clothing, furniture,
and carpeting). Carbon tetrachloride was also used in fire extinguishers and as a fumigant to kill
insects in grain. Most of these uses were discontinued in the mid-1960s. Until recently, carbon

tetrachloride was used as a pesticide, but this was stopped in 1986.

Further information on the properties and uses of carbon tetrachloride can be found in
Chapters 4, 5, and 6.

1.2 WHAT HAPPENS TO CARBON TETRACHLORIDE WHEN IT ENTERS THE
ENVIRONMENT?

Because carbon tetrachloride evaporates easily, most of the compound released to the
environment during its production and use reaches the air, where it is found mainly as a gas. It
can remain in air for several years before it is broken down to other chemicals. Small amounts
of carbon tetrachloride are found in surface water. Because it evaporates easily, much of it will
move from surface water to the air within a few days or weeks. However, it may be trapped in
groundwater for longer periods. Carbon tetrachloride is not expected to stick to soil particles. If
spilled onto the ground, much of it will evaporate to the air. Some of it may also go into
groundwater, where it can remain for months before it is broken down to other chemicals. It is

not expected to build up in fish. We do not know if it builds up in plants.
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Further information on what happens to carbon tetrachloride in the environment may be found in
Chapters 5 and 6.

1.3 HOW MIGHT | BE EXPOSED TO CARBON TETRACHLORIDE?

Very low background levels of carbon tetrachloride are found in air, water, and soil because of
past and present releases. Concentrations in air of 0.1 part carbon tetrachloride per billion parts
of air (ppb) are common around the world, with somewhat higher levels often found (0.2—

0.6 ppb) in cities. Carbon tetrachloride is also found in some drinking water supplies, usually at
concentrations less than 0.5 ppb. Exposure to levels of carbon tetrachloride higher than these
typical "background” levels is likely to occur only at specific industrial locations where carbon
tetrachloride is still used or near chemical waste sites where emissions into air, water, or soil are
not properly controlled. Exposure at such sites could occur by breathing carbon tetrachloride
present in the air, by drinking water contaminated with carbon tetrachloride, or by getting soil
contaminated with carbon tetrachloride on the skin. Young children may also be exposed if they
eat soil that contains carbon tetrachloride. Carbon tetrachloride has been found in water or soil
at about 26% of the waste sites investigated under Superfund, at concentrations ranging from less
than 50 to over 1,000 ppb.

People who work with carbon tetrachloride are likely to receive the greatest exposure to the
compound. The National Institute for Occupational Safety and Health (NIOSH) estimates that
58,208 workers are potentially exposed to carbon tetrachloride in the United States. The average
daily intake of carbon tetrachloride for the general population is estimated to be 0.1 microgram
(1g per kg of body weight). The estimated average daily amount that the general population may
drink in water is 0.01 pg per kg of body weight.

Further information on the ways that humans can be exposed to carbon tetrachloride is presented
in Chapter 6.
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1.4 HOW CAN CARBON TETRACHLORIDE ENTER AND LEAVE MY BODY?

Carbon tetrachloride can enter your body through your lungs if you breathe air containing carbon
tetrachloride, or through your stomach and intestines if you swallow food or water containing
carbon tetrachloride. Carbon tetrachloride can also pass through the skin into the body. When
you inhale carbon tetrachloride, over 30-40% of what you inhale enters your body, where most
of it temporarily accumulates in body fat. Some can enter the kidney, liver, brain, lungs, and
skeletal muscle. When you drink water contaminated with carbon tetrachloride, about 85-91%
of it can enter your body. Much of the compound that enters your body when you breathe it or
drink water contaminated with it leaves your body quickly, and a lot of it can be found in your
breath within a few hours. Animal studies have shown that under differing conditions, 34—-75%
of carbon tetrachloride leaves the body in expired air, 20-62% leaves the body in feces, and only
low amounts leave the body in the urine. Animal studies also suggest that it may take weeks for
the remainder of the compound in the body to be eliminated, especially that which has entered
the body fat. Most of the carbon tetrachloride is eliminated from your body unchanged, but
some of it may be changed to other chemicals before removal from the body (for example,
chloroform, hexachloroethane, and carbon dioxide). Chloroform and hexachloroethane may

themselves cause harmful effects.

Further information on how carbon tetrachloride enters and leaves the body is presented in
Chapter 3.

1.5 HOW CAN CARBON TETRACHLORIDE AFFECT MY HEALTH?

Scientists use many tests to protect the public from harmful effects of toxic chemicals and to find

ways for treating persons who have been harmed.

One way to learn whether a chemical will harm people is to determine how the body absorbs,
uses, and releases the chemical. For some chemicals, animal testing may be necessary. Animal
testing may also help identify health effects such as cancer or birth defects. Without laboratory

animals, scientists would lose a basic method for getting information needed to make wise
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decisions that protect public health. Scientists have the responsibility to treat research animals
with care and compassion. Scientists must comply with strict animal care guidelines because

laws today protect the welfare of research animals.

Most information on the health effects of carbon tetrachloride in humans comes from cases
where people have been exposed to relatively high levels of carbon tetrachloride, either only
once or for a short period, for example, by accidental poisoning or by working with the chemical
in a confined space without ventilation. Experiments have not been performed on the effects of
long-term exposure of humans to low levels of carbon tetrachloride, so the human health effects

of such exposures are not known.

The liver is especially sensitive to carbon tetrachloride since it contains a large amount of the
enzymes that change the form of the chemical. Some of the breakdown products may attack cell
proteins, interfering with the functions of the liver cells. Products that attack cell membranes
may result in the death of the cells. In mild cases, the liver becomes swollen and tender, and fat
builds up inside the organ. In severe cases, liver cells may be damaged or destroyed, leading to a
decrease in liver function. Such effects are usually reversible if exposure is not too high or too

long.

The kidney is also sensitive to carbon tetrachloride. Less urine may be formed, leading to a
buildup of water in the body (especially in the lungs) and buildup of waste products in the blood.
Kidney failure often was the main cause of death in people who died after very high exposure to
carbon tetrachloride. Long-term breathing exposure to carbon tetrachloride worsened

age-related kidney disease in rats.

Fortunately, if injuries to the liver and kidney are not too severe, these effects eventually
disappear after exposure stops. This is because both organs can repair damaged cells and replace
dead cells. Function usually returns to normal within a few days or a few weeks after the

exposure has stopped.
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After exposure to high levels of carbon tetrachloride, the nervous system, including the brain, is
affected. Such exposure can be fatal. The immediate effects are usually signs of intoxication,
including headache, dizziness, and sleepiness perhaps accompanied by nausea and vomiting.
These effects usually disappear within 1-2 days after exposure stops. In severe cases, stupor or

even coma can result, and permanent damage to nerve cells can occur.

Carbon tetrachloride also causes effects on other tissues of the body, but these are not usually as

common or important as the effects on the liver, kidney, and brain.

There have been no studies of the effects of carbon tetrachloride on reproduction in humans, but

studies in rats showed that long-term inhalation may cause decreased fertility.

Studies in animals have shown that swallowing or breathing carbon tetrachloride over a period of
years increases the frequency of liver tumors. Mice breathing carbon tetrachloride also
developed tumors of the adrenal gland. Studies have not been performed to determine whether
swallowing or breathing carbon tetrachloride causes tumors in humans, but it should be assumed
that carbon tetrachloride could produce cancer. The Department of Health and Human Services
(DHHS) has determined that carbon tetrachloride may reasonably be anticipated to be a
carcinogen (i.e., cause cancer). The International Agency for Research on Cancer (IARC) has
classified carbon tetrachloride in Group 2B, possibly carcinogenic to humans. EPA has

determined that carbon tetrachloride is a probable human carcinogen.

Many reported cases of carbon tetrachloride toxicity are associated with drinking alcohol. The
frequent drinking of alcoholic beverages increases the danger of organ damage from carbon

tetrachloride exposure. This enhanced effect has been shown in situations in which a group of
workers were exposed to carbon tetrachloride in air, but only those who were heavy consumers

of alcohol became ill.

Further information on the health effects of carbon tetrachloride may be found in Chapter 3.
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1.6 HOW CAN CARBON TETRACHLORIDE AFFECT CHILDREN?

This section discusses potential health effects in humans from exposures during the period from

conception to maturity at 18 years of age.

Children and adults may be exposed to low levels of carbon tetrachloride in drinking water.
Small children who live near factories that produce or use carbon tetrachloride could accidentally
eat some of the chemical by putting dirty hands in their mouths, but the amount of carbon
tetrachloride in the soil is thought to be too low to be harmful. Carbon tetrachloride is no longer
used in consumer products, but children could breathe in vapors if households are still using old

supplies.

It is not known if the way in which carbon tetrachloride is absorbed into and eliminated from the
body is different in children than it is in adults, but the processes are likely to be similar.
Compared to adults, young children have lower amounts of the enzyme that converts carbon
tetrachloride to a harmful chemical. The health effects of carbon tetrachloride have not been
studied in children, but they are likely to be similar to those seen in adults exposed to the

chemical.

There is no direct evidence that maternal exposure to carbon tetrachloride has a harmful effect on
the fetus in humans. A few human survey-type studies suggest that maternal drinking water
exposure to carbon tetrachloride might possibly be related to certain birth defects, such as low
birthweight and small size at birth. Information from animal studies indicates that carbon
tetrachloride may cause early fetal deaths, but does not cause birth defects in babies surviving to
term. However, these animal studies did not test for neurological damage in exposed newborn

babies.

One study calculated that carbon tetrachloride is likely to pass from the maternal circulation into
breast milk. Thus, it is possible that children could be exposed to carbon tetrachloride from

breast feeding, but the levels of exposure are likely to be low.
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Further information on the health effects of carbon tetrachloride in children may be found in
Chapter 3.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO CARBON
TETRACHLORIDE?

If your doctor finds that you have been exposed to substantial amounts of carbon tetrachloride,
ask whether your children might also have been exposed. Your doctor might need to ask your

state health department to investigate.

Although most consumer uses of carbon tetrachloride have been banned, children may be
exposed to carbon tetrachloride in old consumer household cleaning products. Removing these
old containers will reduce your family’s risk of exposure to carbon tetrachloride. Household
chemicals should be stored out of the reach of children to prevent accidental poisonings and skin
burns. Always store household chemicals in their original containers. Never store household
chemicals in containers that children would find attractive to eat and drink from, such as old soda

bottles. Keep your poison control center’s number next to your phone.

Sometimes older children sniff household chemicals in an attempt to get high. Your children
may be exposed to carbon tetrachloride by intentionally inhaling products containing it. Talk

with your children about the dangers of sniffing chemicals.

Further information on reducing the risk of exposure to carbon tetrachloride can be found in
Chapter 3.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO CARBON TETRACHLORIDE?

Several very sensitive and specific tests can detect carbon tetrachloride in exposed persons. The
most convenient way is simply to measure carbon tetrachloride in exhaled air, but carbon

tetrachloride can also be measured in blood, fat, or other tissues. Because special equipment is
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needed, these tests are not routinely performed in doctors' offices, but your doctor can refer you
to where you can obtain such a test. Although these tests can show that a person has been
exposed to carbon tetrachloride, the test results cannot be used to reliably predict whether any
bad health effects might result. Because carbon tetrachloride leaves the body fairly quickly,
these methods are best suited to detecting exposures that have occurred within the last several

days.

Further information on how carbon tetrachloride can be measured in exposed humans is given in
Chapter 7.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health.
Regulations can be enforced by law. The EPA, the Occupational Safety and Health
Administration (OSHA), and the Food and Drug Administration (FDA) are some federal
agencies that develop regulations for toxic substances. Recommendations provide valuable
guidelines to protect public health, but cannot be enforced by law. The Agency for Toxic
Substances and Disease Registry (ATSDR) and the National Institute for Occupational Safety
and Health (NIOSH) are two federal organizations that develop recommendations for toxic

substances.

Regulations and recommendations can be expressed as “not-to-exceed” levels, that is, levels of a
toxic substance in air, water, soil, or food that do not exceed a critical value that is usually based
on levels that affect animals; they are then adjusted to levels that will help protect humans.
Sometimes these not-to-exceed levels differ among federal organizations because they used
different exposure times (an 8-hour workday or a 24-hour day), different animal studies, or other

factors.

Recommendations and regulations are also updated periodically as more information becomes
available. For the most current information, check with the federal agency or organization that
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provides it. Some regulations and recommendations for carbon tetrachloride include the

following:

To protect the general public from exposure to carbon tetrachloride, the federal government has
limited or banned the use of this compound in most common household products and fire
extinguishers, and has discontinued its use as a pesticide. To protect workers who use carbon
tetrachloride while on the job, the OSHA has set a maximum concentration limit in workplace air
of 10 ppm for an 8-hour workday over a 40-hour work week. EPA has also set limits on how
much carbon tetrachloride can be released from an industrial plant into waste water and is
preparing to set limits on how much carbon tetrachloride can escape from an industrial plant into
outside air. To ensure that drinking water supplies are safe, EPA has set a Maximum
Contaminant Level (MCL) for carbon tetrachloride of 5 parts per billion (ppb), based on
analytical detection limits in drinking water. Because carbon tetrachloride is possibly
carcinogenic to humans, a Maximum Contaminant Level Goal (MCLG) of zero has been
proposed. More detailed information on federal and state regulations regarding carbon

tetrachloride may be found in Chapter 8.

1.10 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department, or contact ATSDR at the address and phone number below.

ATSDR can also tell you the location of occupational and environmental health clinics. These
clinics specialize in recognizing, evaluating, and treating illnesses that result from exposure to

hazardous substances.

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM. You
may request a copy of the ATSDR ToxProfiles™ CD-ROM by calling the toll-free information
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and technical assistance number at 1-888-42ATSDR (1-888-422-8737), by e-mail at

atsdric@cdc.gov, or by writing to:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE

Mailstop F-32

Atlanta, GA 30333

Fax: 1-770-488-4178

Organizations for-profit may request copies of final Toxicological Profiles from the following:

National Technical Information Service (NTIS)
5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
Web site: http://www.ntis.gov/

11
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2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO CARBON
TETRACHLORIDE IN THE UNITED STATES

Carbon tetrachloride is a solvent that has been used in the past as a cleaning fluid or degreasing agent, as
a grain fumigant, and industrially in the synthesis of refrigeration fluid and propellants for aerosol cans.
Although most of these uses have been discontinued, the possibility still exists for carbon tetrachloride to
be released to the environment, primarily through industrial processes or old bottles of cleaning agents
containing carbon tetrachloride that may still be in the home. Degradation of carbon tetrachloride occurs
slowly in the environment, which contributes to the accumulation of the chemical in the atmosphere as
well as the groundwater. Carbon tetrachloride is widely dispersed and persistent in the environment, but

is not detected frequently in foods.

The general population is not likely to be exposed to large amounts of carbon tetrachloride. Populations
living within or very near waste sites, or areas of heavy carbon tetrachloride use would have an increased
risk of exposure from contaminated media (air, water, or soil). Those likely to receive the highest levels
of exposure are those who are involved in the production, formulation, handling, and application of
carbon tetrachloride. Inhalation appears to be the major route of exposure for workers and also for the
general population, which may be exposed to carbon tetrachloride in ambient air and from volatilization
of contaminated water during showering or bathing. Ingestion via contaminated drinking water is an
important route of exposure for the general population not living in areas where carbon tetrachloride is
extensively used. Dermal contact from showering or bathing has not been shown to be a significant route

of exposure to carbon tetrachloride.

Most carbon tetrachloride released to the environment is expected to volatilize rapidly due to its high
vapor pressure. Outdoor measurements in several areas of the United States have reported average
concentrations of carbon tetrachloride in air between 0.6 and 1.0 pg/m® (0.1-0.16 ppb). Typical indoor
concentrations in homes in several U.S. cities were about 1.0 pg/m? (0.16 ppb), with some values up to

9 pg/m?® (1.4 ppb). Indoor concentrations in indoor air were thought to be higher than in outdoor air
because of the presence of carbon tetrachloride in building materials or household products. The majority
of domestic water supplies contain carbon tetrachloride at concentrations below 0.5 pug/L. Children are

expected to be exposed to carbon tetrachloride by the same routes that affect adults. Since carbon
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tetrachloride has a low affinity for adsorption onto soil and dust particles, the risk of exposure for small
children from ingesting soil or dust is likely to be low. The average daily intake of carbon tetrachloride
for the general population is estimated as 0.1 pg/kg/day from inhalation exposure and 0.01 pg/kg/day

from ingesting drinking water containing typical low concentrations of the chemical.

See Chapter 6 for more detailed information regarding concentrations of carbon tetrachloride in

environmental media.

2.2 SUMMARY OF HEALTH EFFECTS

As a volatile halogenated alkane, carbon tetrachloride has depressant effects on the central nervous
system that are most significant at high exposure levels. Carbon tetrachloride also produces irritant
effects on the gastrointestinal tract. Most other toxic effects of absorbed carbon tetrachloride are related
to its metabolism by mixed function cytochrome P-450 oxygenases (in humans, primarily CYP2E1, but
also CYP3A). The liver is the most sensitive target in exposed humans and animals, independent of the
route of administration, because of the abundance of CYP2EL and other cytochromes. The kidneys are
also sensitive targets in humans and animals. There is no conclusive evidence from epidemiological
studies of workers or the general population that carbon tetrachloride is carcinogenic in humans. Carbon
tetrachloride has been shown to be carcinogenic in animals following chronic inhalation or oral exposure.
Alcohol consumption is an important risk factor for the development of serious toxicological effects
following exposure to carbon tetrachloride, since alcohol induces CYP2EL, leading to increased
production of reactive metabolites. Several case reports demonstrated that when groups of individuals
were accidentally exposed to carbon tetrachloride in the workplace, the individuals who were heavy

consumers of alcohol developed the most serious adverse effects.

Studies in animals, combined with limited observations in humans, indicate that the principal adverse
health effects associated with inhalation exposure to carbon tetrachloride are central nervous system
depression, liver damage, and kidney damage. Case reports in humans and studies in animals indicate
that the liver, kidney, and central nervous system are also the primary targets of toxicity following oral
exposure to carbon tetrachloride; gastrointestinal irritation has been frequently noted following accidental
ingestion of high doses in humans. Limited dermal data suggest that carbon tetrachloride absorbed
through the skin can cause, in addition to skin irritation, gastrointestinal effects such as nausea and
vomiting and neurological effects such as polyneuritis in humans, and liver damage in animals. Based on

the no-observed-adverse-effect level (NOAEL) and lowest-observed-adverse-effect level (LOAEL)
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values identified in the animal studies, the liver appears to be the most sensitive target. Several types of
liver effects have been observed in humans and laboratory animals. At lower adverse effect levels,
hepatocytes accumulate lipids, resulting in cellular vacuolization and fatty degeneration. At higher
exposure levels, hepatocellular necrosis (cell death), fibrosis, and cirrhosis are observed. Hepatic
carcinogenicity has been observed in laboratory rodents following chronic-duration inhalation or oral
exposure to carbon tetrachloride. In animal studies, kidney effects, such as tubular cell degeneration and
fatty accumulation, are typically observed at higher oral doses than hepatic effects. However, in rats with
chronic progressive nephropathy, hepatotoxicity and exacerbation of the severity of renal disease
occurred at similar effect levels following chronic inhalation exposure. Human case reports indicate that
high oral or inhalation exposures sufficient to cause renal failure (progressive uremia and electrolyte
retention) may cause delayed secondary damage (edema) to the lungs. Central nervous system effects
following inhalation or oral exposure include headache, weakness, lethargy, stupor, blurred vision, and
coma; neurological effects are generally observed at exposure levels higher than the thresholds for hepatic
or renal toxicity. High-level inhalation or oral exposure is associated with mild hematological effects,
primarily anemia in humans and animals, and reduced platelet function (clotting efficiency) in animals.
Suppression of immune function (reductions in IgM antibody-forming cell activity, T-cell activity,
lymphocyte counts, or host resistance to bacteria) has been observed in animals exposed short-term to oral

doses higher than those causing liver effects.

No studies were located regarding reproductive effects in humans after exposure to carbon tetrachloride
and the available human data for developmental effects are limited to epidemiological studies of
pregnancy outcomes in women exposed to carbon tetrachloride and other halogenated hydrocarbons in
drinking water. These data are inadequate for establishing a causal relationship between carbon
tetrachloride exposure and developmental toxicity in humans. In animals exposed by inhalation for
intermediate durations, reproductive effects included decreased fertility and testicular atrophy. In
developmental studies in animals exposed by inhalation or ingestion, no fetal toxicity was observed in the
absence of maternal toxicity and morphological defects were not observed in offspring. However, oral
doses that produced clear maternal toxicity increased fetal mortality, in some cases, complete litter loss.

It is not known whether litter loss is the result of toxicity to the fetus or to the placenta.

The following sections discuss significant effects resulting from exposure to carbon tetrachloride in

greater detail: hepatic, renal, neurological, and cancer.
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Hepatic Effects. Hepatotoxicity is the major effect of exposure to carbon tetrachloride by any route
in humans and animals and is the basis for all MRLs derived for that compound. Liver injury is
detectable by clinical signs (jaundice, swollen and tender liver), biochemical alterations (elevated levels
of hepatic enzymes in the blood, loss of enzymatic activities in the liver), or histological examination
(fatty degeneration and necrosis of central hepatocytes, destruction of intracellular organelles, fibrosis,
cirrhosis). Elevated levels of serum enzymes (alanine aminotransferase [ALT], aspartate aminotrans-
ferase [AST], alkaline phosphatase, and gamma glutamy! transferase) may provide evidence of
hepatocellular injury in the absence of clinical signs, as was observed in workers occupationally exposed
at intermediate-to-chronic durations at levels between 1.1 and 12 ppm. Degeneration or necrosis of the
liver was noted in humans following acute inhalation exposure at 250 ppm or acute oral exposure at
>110 mg/kg. In humans, acute lethal inhalation or oral exposures were associated with massive liver
necrosis and steatosis. In rats, centrilobular vacuolization was observed at an acute oral dose of

20 mg/kg/day, whereas necrosis was observed at 80 mg/kg/day. Hepatic necrosis was also observed in
guinea pigs following acute dermal exposure at 513 mg/cm?. In chronic studies, significant increases in
fatty change, fibrosis, and cirrhosis were observed in rats at 25 ppm; in the same study, the major non-
neoplastic hepatic lesion in mice was necrosis. These species differences in hepatic effects may be
related to the differential involvement of tumor necrosis factor alpha, which may facilitate necrosis, or

transforming growth factor beta, which is an initiator of fibrosis.

It is widely agreed that the reason for the special sensitivity of the liver to carbon tetrachloride toxicity is
the inherently high rate of metabolism of carbon tetrachloride by this tissue, presumed to be associated
with the high abundance of CYP2E1, particularly concentrated in the centrilobular zone. This hypothesis
was verified for mice in a study that administered 1,590 mg carbon tetrachloride/kg body weight by
intraperitoneal injection to wild-type or CYP2E1 knockout mice (cyp2e1~7). In wild-type mice
expressing CYP2EL, hepatotoxicity characterized by elevated serum enzyme levels (ALT and AST) and
histopathology (centrilobular parenchymal degeneration and perivenular vacuolation) was observed

24 hours after treatment with carbon tetrachloride. None of these hepatic lesions were observed in
CYP2EL1 knockout mice treated with the same dose. In humans, CYP2E1 is also the primary enzyme
responsible for metabolizing carbon tetrachloride at environmentally relevant concentrations, but others,
particularly CYP3A, are also involved at higher concentrations. The reactive metabolites (trichloro-
methyl free radicals) generated by the oxidation of carbon tetrachloride are believed to trigger a spectrum
of hepatocellular damage. Mechanisms that appear to be involved include direct binding of reactive
metabolites to cellular proteins, peroxidation of unsaturated membrane lipids, and alterations in

intracellular calcium levels. Release of proteolytic enzymes from dying cells has been shown to extend
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the necrosis of hepatic tissue beyond the initial site exposed to carbon tetrachloride. The outcome of any
carbon tetrachloride-induced injury has been demonstrated to depend on several factors, including the

induction of P-450 enzymes and the presence of antioxidants and interactions with other chemicals.

Renal Effects. Injury to the kidney is also observed in many reports of carbon tetrachloride toxicity in
humans, often at the same exposure levels that cause hepatic injury. The principal clinical signs in severe
cases are oliguria or anuria, with resultant azotemia and edema, leading in turn to hypertension and
pulmonary edema. Cells of the proximal tubule are most clearly injured by carbon tetrachloride, probably
because of high content of cytochrome P-450. Renal injury is observed in animal studies, but usually at
higher doses with lesser severity than in humans. In oral exposure studies, the effect levels for kidney
toxicity are generally higher than for hepatic toxicity. Some intermediate-duration inhalation bioassays in
rats reported the adverse effect level for the kidney to be the same as or higher than that for the liver. In a
2-year inhalation study in F344 rats, exposure to carbon tetrachloride at hepatotoxic levels increased the

severity of chronic progressive nephropathy compared to the control group.

There is some evidence that the susceptibility of the kidney to carbon tetrachloride may increase in
elderly animals. Both the liver and the kidney exhibit age-related reductions in CYP-450, which would
result in relatively lower production of reactive metabolites following exposure, but findings have been
qualitatively different in the two organs. Reductions in CYP3A and CYP2EL1 activity have been noted in
the liver of elderly humans and rats. In the rat kidney, however, one isoform of CYP3A was upregulated
by 50% in old (25-26-month) rats, resulting in a net 11% increase (not statistically significant) in total
CYP3A in the kidney, possibly contributing to increased renal vulnerability to carbon tetrachloride. In
addition to the possibility that the kidney in the elderly generates relatively more reactive metabolites
following exposure, reductions in the organ content of antioxidants protecting against reactive metabolites
may contribute to sensitivity. Both the liver and the kidney exhibit age-related reductions in glutathione.
One study in F344 rats (the same strain used in the chronic inhalation assay) reported a significant
decrease in glutathione peroxidase activity in the kidney, but not the liver of 24-month-old rats compared
to 6-month-old rats, consistent with a greater sensitivity in the kidney. Although the findings outlined
above are suggestive, no study has specifically demonstrated age-related changes in the renal metabolism

of carbon tetrachloride.

Neurological Effects. The primary acute toxicological effect of unmetabolized carbon tetrachloride
is depression of the central nervous system. Acute-duration inhalation or oral exposures in humans have

resulted in neurological effects such as headache, dizziness, and weakness, and, at higher exposures,
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tremor, blurred vision, drowsiness, seizures, and loss of consciousness. Immediate fatalities occur from
suppression of respiratory centers. Following ingestion of single doses, autopsy findings have included
neurohistopathology in the cerebellum (demyelination and Purkinje cell damage with widespread
hemorrhagic infarcts), but survivors appear not to have lasting cerebellar deficits. Suppression of
autonomic respiratory centers is also observed in animals exposed by inhalation. Degeneration of the
optic nerve has sometimes been noted in humans and repeated inhalation exposure studies in animals,
sometimes at levels lower than those causing overt signs of central nervous system depression. It is likely
that the observed neurohistopathology may be related to the generation of reactive metabolites in the

neural tissues of exposed animals.

Cancer. There are a few reports of cancer in people who have been exposed to carbon tetrachloride,
but these data alone are not sufficient to show that carbon tetrachloride causes cancer in humans.
Suggestive data in humans comes from occupational case-control studies that found positive associations
between exposure to carbon tetrachloride and mortality from several types of cancer (lymphosarcoma,
lymphatic leukemia, non-Hodgkin’s lymphoma, or multiple myeloma). There is convincing evidence that
exposure to carbon tetrachloride leads to hepatic tumors in rodents exposed by inhalation or dosed orally.

The lowest cancer effect levels were observed for mice: 25 ppm by inhalation and 20 mg/kg/day orally.

Two kinds of processes appear to contribute to the carcinogenicity of carbon tetrachloride. Genotoxicity,
primarily covalent binding to DNA in the liver, results from the direct binding of reactive carbon
tetrachloride metabolites or lipid peroxidation products in animals exposed orally or by intraperitoneal
injection. High oral doses have resulted in DNA breakage, detectable by electrophoresis. It is likely that
DNA breakage following acute exposures at high levels may be secondary to liver necrosis that is
characterized by the release of nucleases and other enzymes from lysosomes of degenerating hepatocytes.
There is some evidence that carbon tetrachloride may also cause cancer by a nongenotoxic mechanism
involving cellular regeneration. Mild hepatic necrosis stimulates cell division processes; the resulting
increase in cell proliferation could result in either the replication of unrepaired DNA damage or the
induction of additional errors during the replication process, both of which can produce heritable

mutations that may result in an initiated preneoplastic cell.

The U.S. Department of Health and Human Services has determined that carbon tetrachloride may
reasonably be anticipated to be a carcinogen. IARC has classified carbon tetrachloride in Group 2B,

possibly carcinogenic to humans. EPA has determined that carbon tetrachloride is a probable human
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carcinogen and derived an oral slope factor of 1.3x10™ per (mg/kg/day). EPA is currently revising the

carcinogenicity assessment for carbon tetrachloride.

2.3 MINIMAL RISK LEVELS

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for carbon
tetrachloride. An MRL is defined as an estimate of daily human exposure to a substance that is likely to
be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure.
MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of effect or the
most sensitive health effect(s) for a specific duration within a given route of exposure. MRLs are based
on noncancerous health effects only and do not consider carcinogenic effects. MRLs can be derived for
acute, intermediate, and chronic duration exposures for inhalation and oral routes. Appropriate

methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

The liver is the most sensitive target organ for carbon tetrachloride toxicity by the oral and inhalation
routes. Adverse effects are also observed in the kidney, which is a significant target in humans acutely
exposed at high levels and in animals following chronic inhalation exposure. However, all derived MRLS
for carbon tetrachloride are based on nonneoplastic hepatic effects, which occurred at lower exposure
levels than effects in other target tissues in studies that quantified exposure. All derived MRLs are based
on rat studies since the observed nonneoplastic hepatic effects (fatty degeneration, necrosis, fibrosis, and
cirrhosis) in this species are similar to the range of histopathology observed in exposed humans.
Conversely, in exposed mice, the most significant nonneoplastic features of hepatic histopathology are
fatty degeneration and necrosis, but not fibrosis or cirrhosis. Thus, studies in rats would appear to be
preferred as a basis for human health risk assessment for carbon tetrachloride. The MRLs for carbon
tetrachloride were based on the lowest available LOAELS or the associated NOAELSs (if available) in

well-designed studies.
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Inhalation MRLs

The database for acute-duration inhalation exposure to carbon tetrachloride includes a few studies in
humans as well as studies in laboratory animals. No neurological effects were observed in six volunteers
exposed to 50 ppm carbon tetrachloride for 1-3 hours, but these individuals exhibited a decrease in serum
iron levels that was not observed at 10 ppm (Stewart et al. 1961); the significance of serum iron to hepatic
toxicity is not clear. Single exposures of 200 ppm for <3 hours resulted in hepatic effects (increased
serum bilirubin), renal effects (proteinuria), and gastrointestinal effects (nausea) (Barnes and Jones 1967;
Norwood et al. 1950). Ethanol consumption increases the severity of carbon tetrachloride toxicity and
confounds dose-response assessments from case reports. Whereas two workers experienced only mild
neurological effects (headache and dizziness) after 4 hours exposure at 250 ppm, a co-worker who was a
heavy consumer of alcohol died from renal insufficiency six days after a 15-minute exposure (Norwood et
al. 1950); severe effects in the fatal case were noted in the liver (necrosis), kidney (oliguria, nephrosis),
and lung (edema secondary to kidney failure). A NOAEL for hepatic effects was not observed in acute-
duration inhalation studies in animals. Effects in rats included slight fatty degeneration of the liver at

10 ppm, increasing in extent and severity at >25 ppm, cirrhosis at >200 ppm, and parenchymatous
degeneration of renal tubules in female rats treated at 400 ppm following exposure 7 hours/day for

13 days in a 17-day period (Adams et al. 1952). Mild liver effects (altered glycogen distribution,
hepatocytic steatosis, hydropic degeneration, and necrosis, and elevated serum alanine aminotransferase)
were observed in rats exposed at 50 ppm for 6 hours/day for 4 days (David et al. 1981). Hepatic effects
(fatty degeneration and elevated serum sorbitol dehydrogenase) were also reported in rats exposed to

100 ppm 8 hours/day, 5 days/week for 2 weeks (Paustenbach et al. 1986a). Exposure for 15 minutes at
180 ppm resulted in increased alanine aminotransferase and relative liver weight in rats (Sakata et al.
1987). Effects in other organ systems following acute-duration inhalation exposure of rodents include
hematological effects (increased coagulation time) at 325 ppm (Vazquez et al. 1990), developmental
effects (decreased fetal body weight and crown-rump length) at 330 ppm (Schwetz et al. 1974), and
neurological effects (coma, inhibition of response to electrical stimulus) at 180-1,370 ppm (Frantik et al.
1994; Sakata et al. 1987); dogs exposed to 15,000 ppm for 2-10 hours exhibited depression of the central
nervous system (Von Oettingen et al. 1949). No renal effects were observed in rats exposed once or
repeatedly to 100 ppm (Adams et al. 1952; Paustenbach et al. 1986b). Hepatotoxicity appears to be the
critical effect of acute-duration inhalation exposure because it occurs at the lowest LOAELS in laboratory
animals. The Adams et al. (1952) study identified the lowest LOAEL of 10 ppm and highest NOAEL of

5 ppm. In this study, male or female Wistar rats (2—30 of one sex/group) were exposed to carbon
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tetrachloride vapor at concentrations of 0, 5, 10, 25, 50, 100, 200, or 400 ppm, 7 hours/day, 5 days/week
for 173-205 days of exposures.

No MRL was established for acute-duration inhalation exposure to carbon tetrachloride because a
derivation based on the most suitable data (the minimal LOAEL of 10 ppm in rats reported by Adams et
al. 1952) would result in an acute-duration MRL lower than the intermediate-duration MRL. The
intermediate-duration inhalation MRL of 0.03 ppm, based on a NOAEL of 5 ppm and a LOAEL of

10 ppm for liver effects (Adams et al. 1952), is expected to be protective for acute-duration inhalation

exposure.

e An MRL of 0.03 ppm has been derived for intermediate-duration inhalation exposure to carbon
tetrachloride.

Limited human data are available for intermediate-duration inhalation exposure to carbon tetrachloride.
Effects in humans exposed intermittently included gastrointestinal effects (nausea, dyspepsia) at 20—

50 ppm, depression at 40 ppm, and narcosis at 80 ppm (Elkins 1942; Heiman and Ford 1941; Kazantzis
and Bomford 1960). An occupational study of hepatic effects in workers exposed for <1->5 years
indicated that serum levels of hepatic enzymes were significantly elevated only at exposures >1 ppm, but
the actual durations of exposure were not reported (Tomenson et al. 1995). Interpretation of this study is
also limited by the finding that the group estimated to have had the highest exposure did not show the
highest levels of serum enzymes. The liver appears to be the most sensitive target in animals exposed for
intermediate durations. Fatty degeneration, sometimes with increased liver weight, was observed at a
LOAEL of 10 ppm in rats, mice, and guinea pigs treated 6-8 hours/day, 5 days/week for 12—-36 weeks or
continuously for 90 days (Adams et al. 1952; DOE 1999; Japan Bioassay Research Center 1998;
Prendergast et al. 1967), and 50-100 ppm in monkeys (Adams et al. 1952; Smyth et al. 1936). Increased
serum enzymes and necrosis were observed in mice at 20 ppm and hamsters at 100 ppm (DOE 1999).
Exposure to higher concentrations resulted in cirrhosis in guinea pigs (25 ppm) and rats (50-270 ppm)
(Adams et al. 1952; Japan Bioassay Research Center 1998; Prendergast et al. 1967; Smyth et al. 1936).
In studies examining other organs, renal effects (tubular degeneration) were noted at 50-200 ppm in rats
(Adams et al. 1952; Smyth et al. 1936), at 90 ppm in rats and mice (Japan Bioassay Research Center
1998), and at 200 ppm in monkeys (Smyth et al. 1936). A neurological effect (injury to sciatic and
optical nerves) was noted in rats at 50 ppm (Smyth et al. 1936). Hematological effects (decreased
erythrocytes, hemoglobin, hematocrit; hemolysis, increased spleen weight) were observed in rats and
mice exposed to 90-270 ppm (Japan Bioassay Research Center 1998; Smyth et al. 1936). Reproductive
toxicity (decreased litters, testicular atrophy) was noted at 200 ppm (Adams et al. 1952; Smyth et al.
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1936). Hepatotoxicity is identified as the critical effect of intermediate-duration inhalation exposure to

carbon tetrachloride since it was noted at the lowest LOAELSs.

The intermediate-duration inhalation MRL for carbon tetrachloride is based on a NOAEL of 5 ppm and a
LOAEL of 10 ppm for liver effects in rats identified in a study by Adams et al. 1952. In this study,
Wistar rats (15/sex/group) were exposed to carbon tetrachloride vapor at concentrations of 0, 5, 10, 25,
50, 100, 200, or 400 ppm, 7 hours/day, 5 days/week for periods between 173 and 205 days. Fatty
degeneration and increased liver weights were evident at concentrations of >10 ppm, cirrhosis occurred at
>50 ppm, and necrosis at >200 ppm. Renal effects (cloudy swelling of the tubular epithelium) were first
evident at >50 ppm, with increased kidney weights and degeneration of renal tubular epithelium evident
at >200 ppm. Testicular atrophy was observed at >200 ppm. A human equivalent concentration of the
identified rat NOAEL of 5 ppm (NOAELHec) was calculated by multiplying the duration-adjusted rat
NOAEL (NOAELp;) by the ratio of the rat and human blood:gas partition coefficients. The NOAELap;
is 0.9 ppm (5 ppm x 7 hours/24 hours x 5 days/7 days) and the blood:gas partition coefficient ratio is

1.7 (4.52/2.64). Because the ratio was greater than 1, a default value of 1 was applied, resulting in a
NOAELec of 0.9 ppm. An uncertainty factor of 30 was applied to the NOAELyec of 0.9 ppm (3 for

extrapolation from animals to humans using a dosimetric adjustment and 10 for human variability).

e An MRL of 0.03 ppm has been derived for chronic-duration inhalation exposure to carbon
tetrachloride.

The chronic-duration inhalation database for carbon tetrachloride includes the occupational study by
Tomenson et al. (1995) and 2-year bioassays in rats and mice (Japan Bioassay Research Center 1998;
Nagano et al. 1998). As discussed under the intermediate-duration MRL, elevated hepatic serum
enzymes were observed in workers who had been exposed to concentrations >1 ppm for <1-5 years, but
the actual durations of exposure were not reported (Tomenson et al. 1995). Interpretation of this study is
also limited by the finding that the group estimated to have had the highest exposure did not show the

highest levels of serum enzymes.

In the 2-year bioassays, groups of F344/DuCrj rats and BDF; mice (50/sex) were treated at 0, 5, 25 or 125
ppm, 6 hours/day, 5 days/week for 104 weeks (Japan Bioassay Research Center 1998; Nagano et al.
1998). Male rats exhibited increased hemosiderin deposition in the spleen at 5 ppm and above, but this
effect was the result of anemia that was observed at 13 weeks, but not 104 weeks. For most observed

effects, the lowest concentration of 5 ppm was a NOAEL and 25 ppm was a LOAEL: hematological
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(decreased hemoglobin, hematocrit in female rats and increased extramedullary splenic hematopoeisis in
mice), body weight (reduced body weight gain), renal (altered clinical chemistry values in both species,
chronic progressive glomerulonephrosis in rats, protein casts in mice), and hepatic (increased liver weight
and serum enzymes in both species; fibrosis, cirrhosis, severe fatty change and granulation in rats;
thrombus, necrosis, and, degeneration in mice). Mice showed increased mortality from hepatic cancer at
25 ppm, rats at 125 ppm. The severity of proteinuria, but not renal histopathology, was elevated in male
and female rats treated at >5 ppm compared to controls; this lesion was not used as the basis for MRL
derivation because the severity in control rats was so high (>90% with scores of 3+ or 4+).
Hepatotoxicity is selected as the critical effect of chronic-duration inhalation exposure because the
severity of effects at 25 ppm was greater compared to other end points. Furthermore, selection of
hepatotoxicity as the critical effect of chronic exposure is consistent with the database for intermediate-

duration inhalation exposure.

The chronic-duration inhalation bioassay in rats is selected as the principal study because it provided a
NOAEL of 5 ppm and a LOAEL of 25 ppm for hepatic effects (increased serum enzyme levels, liver
weight, and liver histopathology) without increased mortality (Japan Bioassay Research Center 1998;
Nagano et al. 1998). The duration-adjusted rat NOAEL (NOAELap;) for hepatic effects was multiplied
by the ratio of the rat and human blood:gas partition coefficients to derive a human equivalent
concentration of the identified chronic rat NOAEL of 5 ppm. The NOAEL ap; is 0.9 ppm (5 ppm X

6 hours/24 hours x 5 days/7 days) and the blood:gas partition coefficient ratio is 1.7 (4.52/2.64). Using
standard procedures, a default value of 1 was applied because the ratio was greater than 1, resulting in a
chronic-duration NOAELuec of 0.9 ppm. An uncertainty factor of 30 was applied to the NOAEL gc of
0.9 ppm (3 for extrapolation from animals to humans using dosimetric adjustment and 10 for human

variability), resulting in a chronic-duration inhalation MRL of 0.03 ppm.

Oral MRLs

e An MRL of 0.02 mg/kg/day has been derived for acute-duration oral exposure to carbon
tetrachloride.

Limited data in humans and several studies in laboratory animals are available for acute-duration oral
exposure to carbon tetrachloride. In humans, hepatic toxicity (fatty accumulation, necrosis) has been
noted following ingestion of single doses of carbon tetrachloride in the range of 80-180 mg/kg (Docherty
and Burgess 1922; Docherty and Nicholls 1923; Phelps and Hu 1924). Single doses of 70 mg/kg had no

overt neurological effect, but various neurological symptoms indicative of depression of the central
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nervous system have been reported at doses between 114 and 10,800 mg/kg (Cohen 1957; Hall 1921;
Leach 1922; Stevens and Forster 1953; Stewart et al. 1963). Gastrointestinal effects in humans following
ingestion of single doses include nausea at >100 mg/kg (Ruprah et al. 1985) and vomiting and abdominal
pain at 680-910 mg/kg (Hardin 1954; New et al. 1962; Smetana 1939; Umiker and Pearce 1953; von
Oettingen 1964). In laboratory animals, mild hepatic effects (cytoplasmic vacuolization and increased
serum enzymes) have been reported to occur following treatment with single doses of 40-80 mg/kg or
repeated dosing at 5-20 mg/kg/day (Bruckner et al. 1986; Kim et al. 1990b; Korsrud et al. 1972;
Smialowicz et al. 1991). No renal effects or positive results in special tests for immunological function
were observed in rats following repeated administration at 5-160 mg/kg/day (Bruckner et al. 1986;
Smialowicz et al. 1991). Renal effects (fatty degeneration, swelling of convoluted tubules) were observed
in dogs given single doses of 3,200-6,400 mg/kg (Chandler and Chopra 1926; Gardner et al. 1925).
Hepatic toxicity is selected as the critical effect of acute-duration oral exposure to carbon tetrachloride

because effects were observed at the lowest effect level.

The study of Smialowicz et al. (1991) is selected as the principal study because it provides the lowest
LOAEL for hepatotoxicity, the critical effect. In this study, groups of 5-6 male Fischer rats were dosed
by oral gavage with 0, 5, 10, 20, or 40 mg/kg/day for 10 consecutive days and evaluated for hepatic and
renal toxicity (organ weight and serum parameters and histology) as well as some immunological end
points. Another set of animals was exposed at 40, 80, or 160 mg/kg/day and evaluated for additional
immunological parameters. Liver toxicity was the most sensitive effect observed in this study and was
dose related in severity. Centrilobular vacuolar degeneration was barely detectable in all six animals of
the 5 mg/kg/day group, whereas no liver effects were observed in any of the six controls. Hepatocellular
necrosis was first evident at 10 mg/kg/day. At higher doses, serum levels of ALT and AST became
significantly elevated (p<0.01-0.05) (20 and 40 mg/kg/day), as did relative liver weight (40 mg/kg/day).
No renal effects were observed at the highest dose of 40 mg/kg/day and no immunological effects were
observed at doses as high as 160 mg/kg/day. The LOAEL of 5 mg/kg/day is considered to be minimal
because the type and degree of hepatic histopathology was relatively mild. A total uncertainty factor of
300 was applied to the minimal LOAEL of 5 mg/kg/day (3 for the use of a minimal LOAEL, 10 for

extrapolation between animals to humans, and 10 for human variability).

e An MRL of 0.007 mg/kg/day has been derived for intermediate-duration oral exposure to carbon
tetrachloride.

The intermediate-duration oral toxicity database for carbon tetrachloride is somewhat limited in that no

human data are available and many studies in laboratory animals restricted analysis to the liver. The
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incidence and severity of hepatic effects were dose-related in animal studies. A NOAEL of 1 mg/kg and
a LOAEL of 10 mg/kg was identified for significantly elevated sorbitol dehydrogenase (SDH) and mild
centrilobular vacuolization in rats exposed 5 days/week for 12 weeks (Bruckner et al. 1986); at 33 mg/kg,
ALT and ornithine carbamyl transferase activities were increased and cirrhosis was observed. In mice
ingesting carbon tetrachloride 5 days/week for 12-13 weeks, no hepatic effects were detected at a dose of
1.2 mg/kg (Condie et al. 1986). Significant elevation in some serum enzymes (ALT, aspartate
aminotransferase [AST], lactate dehydrogenase [LDH]), and mild necrosis were seen in mice at doses of
12 mg/kg and higher (Condie et al. 1986; Hayes et al. 1986). More extensive hepatic lesions (fatty
accumulation, fibrosis, cirrhosis, necrosis) were noted in rats at doses of 20-25 mg/kg and higher (Allis et
al. 1990; Koporec et al. 1995). At 100 mg/kg/day, hepatic effects in rats also included cytomegaly and
various types of hyperplasia, which were perhaps adaptive responses to necrosis (Koporec et al. 1995).
Effects in other organ systems include reduced body weight gain at doses between 33 and 100 mg/kg/day
(Bruckner et al. 1986; Koporec et al. 1995) and neurological effects (increased serotonin synthesis) at
290 mg/kg/day (Bengtsson et al. 1987). No renal effects were observed in rats exposed at 33 mg/kg/day
(Bruckner et al. 1986) or mice exposed at 1,200 mg/kg/day (Hayes et al. 1986). Increased mortality was
observed in rats exposed at 25 mg/kg/day (Koporec et al. 1995). Cancer (hepatoma) was observed in
mice treated with 20 mg/kg/day for 120 days and hamsters treated once weekly with 120 mg/kg/day for
30 weeks (Eschenbrenner and Miller 1946; Della Porta et al. 1961). Hepatotoxicity was selected as the
critical effect of intermediate-duration oral exposure to carbon tetrachloride because it occurred at the

lowest effect level.

The rat study of Bruckner was selected as the principal study because it provided the lowest LOAEL for
the critical effect. In this study, male Sprague-Dawley rats (15-16 per group) were administered 0, 1, 10,
or 33 mg/kg carbon tetrachloride by gavage in corn oil 5 days/week for 12 weeks. Blood samples were
taken at biweekly intervals throughout the study for analysis of serum parameters related to liver and
kidney toxicity and both organs were examined for histopathology at termination. Slightly elevated blood
levels of sorbitol dehydrogenase and mild centrilobular vacuolation of the liver were observed at

10 mg/kg, but not at 1 mg/kg. Cirrhosis, extensive degenerative hepatic lesions, and significantly
elevated serum enzyme levels (ornithine carbamyl transferase and alanine aminotransferase) were
observed at the high dose of 33 mg/kg. No renal effects were observed at any dose. The NOAEL of

1 mg/kg was adjusted for intermittent exposure (5 days/7 days) and divided by a total uncertainty factor

of 100 (10 for extrapolation between animals to humans and 10 for human variability).
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No data were located on the effects of chronic-duration oral exposure in humans. Carbon tetrachloride
was employed as a positive control for hepatic cancer in several chronic oral gavage bioassays in rats and
mice exposed 5 days/week for 78 weeks (NCI 1976a, 1976b, 1977); serious effects were observed at the
lowest tested doses. Exposure at >47 mg/kg reduced survival by 46% in rats because of severe
hepatotoxicity. Portal cirrhosis, bile duct proliferation, and fatty accumulation were observed in more
than 55% of treated rats. In the same study, survival in mice treated at doses of >1,250 mg/kg was
reduced by >80% compared to controls on account of hepatic carcinogenicity. Since a no-effect level was
not identified and ATSDR does not base MRLs on doses at which serious effects occur, a chronic-

duration oral MRL was not derived for carbon tetrachloride.
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3.1 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 carbon
tetrachloride. 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.

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

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

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 first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure 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.
LOAELSs have been classified into "less serious" or “serious™ effects. "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 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 end point 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 end points. ATSDR

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between



CARBON TETRACHLORIDE 28

3. HEALTH EFFECTS

"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 NOAELSs 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.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELS) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELS) of carbon
tetrachloride are indicated in Tables 3-1 and 3-2 and Figures 3-1 and 3-2. Because cancer effects could
occur at lower exposure levels, Figure 3-2 also shows a range for the upper bound of estimated excess
risks, ranging from a risk of 1 in 10,000 to 1 in 10,000,000 (10 to 10°), as developed by EPA.

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

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

The highest NOAEL values and all LOAEL values from each reliable study for death, and respiratory,
cardiovascular, gastrointestinal, hematological, hepatic, renal, dermal, body weight, neurological,
reproductive, and developmental effects in each species and duration category are recorded in Table 3-1

and plotted in Figure 3-1.

3.2.1.1 Death

In the past, when industrial and household use of carbon tetrachloride was still common, inhalation

exposure to carbon tetrachloride resulted in a considerable number of deaths in humans (e.g., Forbes



Table 3-1 Levels of Significant Exposure to Carbon Tetrachloride - Inhalation

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
ACUTE EXPOSURE
Death
1 Human 15 min 250 M (1 alcoholic male died) ~ Norwood et al. 1950
2 Rat 8-10 hr 3000  (1/50) Adams et al. 1952
3 Mouse 8 hr 9500 (LC50) Svirbey et al. 1947
Systemic
4 Human g[r)]rto Hepatic 200 M (increased serum Barnes and Jones 1967
bilirubin)
Renal 200 M (proteinuria)
5 Human 15 min Resp 250 M (edema) Norwood et al. 1950
Gastro 250 M (nausea)
Hepatic 250 M (severe central necrosis)
Renal 250 M (oliguria, nephrosis)
6 Human 70-180 min Cardio 50M Stewart et al. 1961
Gastro 50M
Hepatic 0Mm 50 M (decreased serum iron)
Dermal 50 M
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Table 3-1 Levels of Significant Exposure to Carbon Tetrachloride - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
7 Rat rhr Hepatic 50M 100 M (fatty degeneration) Adams et al. 1952
Renal 100 M
8 Rat ?ﬁgdd Hepatic 10 M (fatty degeneration in 18 Adams et al. 1952
5d/wk M treated 13 times over
17 d)
° Rat %g/vlv?( wk Hepatic 4800 M (necrosis, fibrosis, Belyaev et al. 1992
4hr/d cirrhosis, mitogenic and
anti-mitogenic activities)
10 Rat ghdr/d Hepatic 50 M (steatosis, hydropic David et al 1981
degeneration, necrosis,
2x increased alanine
aminotransferase)
1 Rat gc;,}lvl\(/k Hepatic 100 (Fatty degeneration, Paustenbach et al. 1986b
8shr/d increased serum sorbitol
or dehydrogenase)
11.5hr/d
Renal 100
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Table 3-1 Levels of Significant Exposure to Carbon Tetrachloride - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
12 Rat 15 min Hepatic 180 (increases 19x in alanine Sakata et al. 1987
aminotransferase and
23% in relative liver
weight)
13 Rat géo min/d Hemato 325 (increased coagulation Vazquez et al. 1990
time)
Neurological
14 Human 15 min 250  (dizziness) Norwood et al. 1950
15 Human 70-180 min 50 Stewart et al. 1961
16 Rat 4hr 611 M (30% inhibition of Frantik et al. 1004
(albino) response to electrical
stimulus)
17 Rat 15 min 180 (coma) Sakata et al. 1987
18 Mouse 2hr 1370F (30% inhibition of Frantik et al. 1994

(H)

response to electrical
stimulus)
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Table 3-1 Levels of Significant Exposure to Carbon Tetrachloride - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
10 Pod Zaohr 15000 (depression of central Von Oettingen et al. 1949
nervous system)
Developmental
20 Rat ?;3 6-15 330 (decreased fetal body Schwetz et al. 1974
7hr/d weight and crown