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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 is being made available for public review. Final responsibility for the
contents and views expressed in this toxicological profile resides with ATSDR.
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Howard Frumkin, M.D., Dr. P.H. : Julie Louise Gerberdin , M.P.H.
Director Administra

National Center for Environmental Health/ Agency for Toxic Substances and
Agency for Toxic Substances and Disease Registry
Disease Registry
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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 December 7, 2005 (70 FR
72840). 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); October 25, 2001 (66 FR 54014); and November 7, 2003 (68 FR 63098). 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: 1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY) Fax: (770) 488-4178
E-mail: cdcinfo@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
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.


mailto:cdcinfo@cdc.gov
http://www.atsdr.cdc.gov
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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 Il 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:
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.


mailto:AOEC@AOEC.ORG
http://www.aoec.org/
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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. Health Effects Review. The Health Effects Review Committee examines the health effects
chapter of each profile for consistency and accuracy in interpreting health effects and classifying
end points.

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific Minimal Risk Levels (MRLS), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLs.

3. Data Needs Review. The Applied Toxicology Branch reviews data needs sections to assure
consistency across profiles and adherence to instructions in the Guidance.

4. Green Border Review. Green Border review assures the consistency with ATSDR policy.
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PEER REVIEW

A peer review panel was assembled for benzene. The panel consisted of the following members:

1. Dr. Jeffrey Fisher, Professor and Department Head, Department of Environmental Health
Science, University of Georgia, Athens, Georgia;

2. Dr. Tee Guidotti, Chair and Professor, Department of Occupational and Environmental Health,
School of Public Health and Sciences, The George Washington University Medical Center,
Washington, DC; and

3. Dr. Rogene Henderson, Senior Scientist, Lovelace Respiratory Research Institute, Albuquerque,
New Mexico.

These experts collectively have knowledge of benzene's physical and chemical properties, toxicokinetics,
key health end points, mechanisms of action, human and animal exposure, and quantification 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.



BENZENE Xii

This page is intentionally blank.



BENZENE Xiii

CONTENTS
DISCLAIMER ... ..ottt ettt b et et e et e s e e R e e b e et e sb e be s e st ene e b e e seebeatestete s eneanearens ii
UPDATE STATEMENT ...ttt sttt e st e st e te st et e e neeseaneesesseneeneeneans i
FOREWIORD ..ottt ettt sttt ettt ettt b e e e st e R e e Rt e b e e R ke e b et e et e s e ebe e b e ebente st e e eneeneans %
QUICK REFERENCE FOR HEALTH CARE PROVIDERS.........ccccoviiiiiiie et vii
CONTRIBUTORS ...ttt ettt e st e b e b e e be st e s e et eseese e b e e seebeste et e teseaseeseneeneeneens iX
PEER REVIEW ...ttt bttt b e bbbt e et b e et et et et ens Xi
CON T ENT Sttt bbb bbb e bt bbb e e st s e b e e bbb b e et e b e e bt ettt e bt enes Xiii
LIST OF FIGURES ..ottt ettt s e bt e bttt et neese et e et et st et e s eneans Xvii
LIST OF TABLES ... .ottt sttt sttt s s e st et e et e st et et e st e ne et e e neabesbenbeee e Xix
1. PUBLIC HEALTH STATEMENT ..ottt sttt nnena s 1
1.1 WHAT IS BENZENE?......coo ittt sttt eneasestessesaesaennenennens 1
1.2 WHAT HAPPENS TO BENZENE WHEN IT ENTERS THE ENVIRONMENT? .......cccoo... 2
1.3 HOW MIGHT | BE EXPOSED TO BENZENE? ..ot 3
1.4 HOW CAN BENZENE ENTER AND LEAVE MY BODY?....cccooiiiiieiineieieeieeesese e 4
1.5 HOW CAN BENZENE AFFECT MY HEALTH? ...ooiiieecee e 4
1.6 HOW CAN BENZENE AFFECT CHILDREN? ......cooiiiiiireeee e 6
1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO BENZENE?.................... 7
1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO BENZENE? ..ottt 7
1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH? ..ottt ettt eneas 8
1.10  WHERE CAN | GET MORE INFORMATION? ..ottt 9
2. RELEVANCE TO PUBLIC HEALTH ..ottt 11
2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO BENZENE IN THE
UNITED STATES ...ttt sttt b bbb ene s 11
2.2 SUMMARY OF HEALTH EFFECTS ..ottt 12
2.3 MINIMAL RISK LEVELS (MRLS) ..ottt s 21
3. HEALTH EFFECTS .ottt ettt ettt et et e st e s e e be et e s te st e te e e s eneenaans 29
3.1 INTRODUCGCTION ..ottt sttt sttt besa et et e eseeseesessesbessesse e eneans 29
3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE .......c.ccccoviiniiinicianne 29
3.2.1  INNAlAtioN EXPOSUIE ...ccvecuieiieciicite ettt ettt sttt ettt be et e s be s e s be e e stesneaeenns 30
3.2.2  OFal EXPOSUIE ...ttt bbbttt bbbttt b et 104
3.2.3  DEIMAI EXPOSUIE.....eiiteeuierieeteeie st eeesteeseeseesteeseeseeaseetesseeeesaeaseeseesseeseesseaneensesseeeesaeaneenseas 137
3.3 GENOTOXICITY ottt bbb bbbttt b e bbbt e e 141
34 TOXICOKINETICS ..ottt ettt seeteetesresbesaeteseneas 154
2 Nt N o X100 o o OSSPSR 155
342 DISHIDULION .ottt sttt e e be et enee e 163
343 MELADOLTISM . ...ttt 166
3.4.4  ElMINAtion and EXCIrETION........ooiiiieiiieiie ettt et seesneenae e 175
3.4.5  Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models ........... 181
35 MECHANISMS OF ACTION ..ottt 200
3.5.1  PharmacoKinetic MECHANISIMS.........cuiiiiieriecieeie ettt sre e sresnee s 200
3.5.2  MechaniSmS OF TOXICITY ....coveeiiiiieii ettt nae s 201
3.5.3  Animal-to-Human EXtrapolationsS ...........ccccveieiiiieie e 204
3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS......cccccovvveinene 205

3.7 CHILDREN’S SUSCEPTIBILITY ..ottt 206



BENZENE Xiv

3.8 BIOMARKERS OF EXPOSURE AND EFFECT .....ooiiiiiiieie e 208
3.8.1  Biomarkers Used to Identify or Quantify Exposure to Benzene..........ccccccoovvoevviveennnnnns 209
3.8.2  Biomarkers Used to Characterize Effects Caused by Benzene..........cccccoevevevivevieviennnnnnn. 211

3.9 INTERACTIONS WITH OTHER CHEMICALS ..ottt 212

3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE.......ccccovviiiieieeeeese e 214

3.11 METHODS FOR REDUCING TOXIC EFFECTS......cccoiiiiiiiienene et 216
3.11.1 Reducing Peak Absorption FOHOWING EXPOSUIE........cccvevviiieiieiecie e 216
3.11.2 Reducing Body BUFTEN..........ooiiiiiieiiic s 217
3.11.3 Interfering with the Mechanism of Action for Toxic Effects ..........cccocvoviiiiviiininnns 217

312  ADEQUACY OF THE DATABASE.......oo ittt 218
3121 Existing Information on Health Effects of Benzene ............ccoccovviieiiniiiesccen 219
3.12.2 Identification Of Data NEEAS .........coeiiiiiieieee e 221
3.12.3 (@ g To o] 0 T0 ] (0 o =TSSR 236

4. CHEMICAL AND PHYSICAL INFORMATION.....c.iiiieieietesiesesienieeeesie s e st snesneseenens 239
4.1 CHEMICAL IDENTITY oottt sttt sttt nenne e 239
4.2 PHYSICAL AND CHEMICAL PROPERTIES.........coiiiiiiisreree e 239

5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL .....ccccceiteiiieieiinereieeee e 243

5.1 PRODUGCTION ...ttt bbbttt bbb ne s 243

52 IMPORT/EXPORT ...ttt sttt ettt sttt eneabesnestesresnenenaas 244

5.3 USE ..ottt Rt Rt R Rt R e R e R e R e R et et e Rt e Rt e R e e ReeReeRe bt e e et eneeneans 248

54 DISPOSAL ...ttt et sttt ettt n b et et neenes 249

6. POTENTIAL FOR HUMAN EXPOSURE ..ottt anneneas 251

6.1 OVERVIEW ...ttt sttt b et bttt e nenne e neene e 251

6.2 RELEASES TO THE ENVIRONMENT ....ooooiiiiiiiiesese e 253
G702 R A 1 SRS 253
B.2.2 WAL ...ttt b e b h bbbt bt bt e et et be e nbeenanenaeas 257
B.2.3 SOOIl oottt R et sttt ns 257

6.3 ENVIRONMENTAL FATE....coiioieietet ettt sttt 258
6.3.1  Transport and Partitioning..........ccooveiiiiiie it nee s 258
6.3.2  Transformation and Degradation ...........cccceiveiieiieiie i 259

6.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT .......cccccooviniiine 265
G R N 1 SRS 265
B.4.2  WVALET ...ttt h e h e b h bbbt bt bt ae e ettt be e b nanennaas 269
6.4.3  SedimeNnt AN SOI .......cciiiiiiiieieee s 271
6.4.4  Other ENVIronmental MEAIA..........ccooviiiieiieeie s e sre e e 271

6.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE .......cccooveiveiriirrieiennn 273

6.6 EXPOSURES OF CHILDREN ...ttt 281

6.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES ........ccocoviiiiniieneeee, 283

6.8 ADEQUACY OF THE DATABASE ...ttt 284
6.8.1  Identification Of Data NEEUS ........ccceiieiiiieie et s eae e 284
6.8.2  ONQOING STUAIES ....vveveciieie ettt resre e e s be e e e besreeseesteenaenrean 288

7. ANALYTICAL METHODS ...ttt sttt seetesse st saenseaeseeneanearens 291

7.1 BIOLOGICAL MATERIALS ...ttt et s ens 291

7.2 ENVIRONMENTAL SAMPLES.......oot ittt 295

7.3 ADEQUACY OF THE DATABASE .......ct ottt 301
7.3.1  Identification Of Data NEEUS ........ccoiiiiiiiiiee e st 302

7.3.2  ONQOING STUAIES ....vveveevieie ettt e te e s re s re e e s be e e e besteeseesteenaesreas 304



BENZENE XV

8. REGULATIONS AND ADVISORIES ......coooiiiiiie st 307
9. REFERENGCES ...t bbb bbbt bbbt e n b e n b e e e nns 313
10. GLOSSARY iR 377
APPENDICES

A. ATSDR MINIMAL RISK LEVELS AND WORKSHEETS ........ccceoiiiiiiiin e A-1
B. USER’S GUIDE.......oo e n e n e n e nne e ne s B-1
C. ACRONYMS, ABBREVIATIONS, AND SYMBOLS.......ccccoiiiiiiiiiii e C-1

D, INDEX e D-1



BENZENE Xvi

This page is intentionally blank.



BENZENE Xvii

LIST OF FIGURES

3-1. Levels of Significant Exposure to Benzene — INhalation.............ccocoeviniiiiiicsieeeeeees 66
3-2. Levels of Significant Exposure to Benzene — Oral...........ccccovoeviiii e 122
3-3. Metabolic Pathways fOr BENZENE ...........cooiiiiiiiiicii e 167
3-4. Conceptual Representation of a Physiologically Based Pharmacokinetic (PBPK) Model for a
Hypothetical Chemical SUDSTANCE............ccoiiiieec s 183
3-5. General Structure of Physiologically Based Pharmacokinetic Models of Benzene ............ccccoe...... 184
3-6. Existing Information on Health Effects 0f BENZENE...........cccooieiiiiiieii e 220
6-1. Frequency of NPL Sites with Benzene Contamination ............ccccovvivevievesieieseeese e 252
6-2. Environmental Transformation Products of Benzene in Various Media...........cccccooviniiiniicnenns 260
6-3. Benzene EMISSIONS aN0 EXPOSUIES. ......c..eruiiirieieiiaiiriisteste sttt sttt bbb e e eneas 275



BENZENE Xviii

This page is intentionally blank.



BENZENE XixX

LIST OF TABLES
3-1. Levels of Significant Exposure to Benzene — INhalation.............ccoooviiniiiniieis e 33
3-2. Levels of Significant Exposure to Benzene — Oral...........ccccooeii i 106
3-3. Levels of Significant Exposure to Benzene — Dermal............cccooeiviieiiiieiene e 139
3-4. GenotoxiCity 0f BENZENE IN VIVO......ccuiiiiiiic sttt ns 142
3-5. Genotoxicity 0f BENZENE 1N VIIFO......uiiiiie et e e e te et esnaenneas 146
3-6. Summary Comparison of Physiologically Based Pharmacokinetic Models for Benzene................. 185
3-7. Ongoing Studies on the Health Effects of BENZENE........c.cccv e 237
4-1. Chemical 1dentity OF BENZENE .......ocueoiiie ettt 240
4-2. Physical and Chemical Properties 0f BENZENE ..........cccooviieii i 241
5-1. Facilities that Produce, Process, OF USE BENZENE .......coooveeveeieeee oottt e e s ee e e e e e nenens 245
5-2. Current U.S. ManufacCturers Of BENZENE........ccoiviieiiiiiiie ettt 247
6-1. Releases to the Environment from Facilities that Produce, Process, or Use Benzene...........cccoo..... 254
6-2. Benzene Levels in AIr SAMPIES .......coiiii e 266
6-3. BENZENE N FOOU ...t 272
6-4. Percentage of Employees Exposed to Benzene by Exposure Level and Industry Division............. 280
6-5. Ongoing Studies on the Potential for Human EXposure t0 BENZENE ........cccevveverievverieneseerie e 289
7-1. Analytical Methods for Determining Benzene in Biological Samples........c.cccccooveviiiiniiciiciinenee. 292
7-2. Analytical Methods for Determining Metabolites of Benzene in Urine..........ccoceovvviiinincncienns 294
7-3. Analytical Methods for Determining Benzene in Environmental Samples...........cccooveveveivenennenne. 296
7-4. Ongoing Studies on Benzene, Analytical Methods ..........ccoooivieiiiiiie i 305
8-1. Regulations and Guidelines Applicable t0 BENZENE..........ccoevviiiiii i 308



	 DISCLAIMER
	 UPDATE STATEMENT
	 FOREWORD
	 QUICK REFERENCE FOR HEALTH CARE PROVIDERS
	 CONTRIBUTORS
	 PEER REVIEW
	 CONTENTS
	 LIST OF FIGURES
	3-1  Levels of Significant Exposure to Benzene – Inhalation
	3-2  Levels of Significant Exposure to Benzene – Oral
	3-3  Metabolic Pathways for Benzene
	3-4  Conceptual Representation of a Physiologically Based Pharmacokinetic (PBPK) Model for a Hypothetical Chemical Substance
	3-5  General Structure of Physiologically Based Pharmacokinetic Models of Benzene
	3-6  Existing Information on Health Effects of Benzene
	6-1  Frequency of NPL Sites with Benzene Contamination
	6-2  Environmental Transformation Products of Benzene in Various Media
	6-3  Benzene Emissions and Exposures

	 LIST OF TABLES
	3-1  Levels of Significant Exposure to Benzene – Inhalation
	3-2  Levels of Significant Exposure to Benzene – Oral
	3-3  Levels of Significant Exposure to Benzene – Dermal
	3-4  Genotoxicity of Benzene In Vivo
	3-5  Genotoxicity of Benzene In Vitro
	3-6  Summary Comparison of Physiologically Based Pharmacokinetic Models for Benzene
	3-7  Ongoing Studies on the Health Effects of Benzene
	4-1  Chemical Identity of Benzene
	4-2  Physical and Chemical Properties of Benzene
	5-1  Facilities that Produce, Process, or Use Benzene
	5-2  Current U.S. Manufacturers of Benzene
	6-1  Releases to the Environment from Facilities that Produce, Process, or Use Benzene
	6-2  Benzene Levels in Air Samples
	6-3  Benzene in Food
	6-4  Percentage of Employees Exposed to Benzene by Exposure Level and Industry Division
	6-5  Ongoing Studies on the Potential for Human Exposure to Benzene
	7-1  Analytical Methods for Determining Benzene in Biological Samples
	7-2  Analytical Methods for Determining Metabolites of Benzene in Urine
	7-3  Analytical Methods for Determining Benzene in Environmental Samples
	7-4  Ongoing Studies on Benzene, Analytical Methods
	8-1  Regulations and Guidelines Applicable to Benzene




