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PREFACE

The Office of Health and Environmental

Assessment of

the Office of

Research and Development has prepared this Health Assessment Document (HAD)
on chlorinated benzenes at the request of the Office of Air QualHy. Planning and Standards.

The chlorinated benzenes are a group of 12 chlorinated

cyclic aromatic compounds which are currently being studied by the Environmental Protection Agency (EPA) to determine if they should be regulated as
hazardous air pollutants under the Clean Air Act.
In the development of this assessment document. the scientific literature has been searched and inventoried, key studies have been reviewed and
evaluated and su11111aries and conclusions have been directed at identifying
the health effects from exposure to the various chlorinated benzenes.
several

stages

in

the HAD development process.

the chlorinated benzenes

document has been reviewed for scientific and technical accuracy.
peer

reviews

At

have been by scientists from inside and outside

These

the EPA.

Observed effect levels and dose-response relationships are discussed where
appropriate in order to identify the criUcal effect and to place adverse
health responses in perspective with observed environmental levels.

;; ;

Authors. Contr1butors and Rev1ewers
lhe EPA Office of Health and Environmental Assessment (OHEA) was respons 'blc for the preparaUon of this health assessment document. The OHEA
Environmental CrHeria and Assessment Office (ECAO-Cincinnat1) had overall
responsibility for coordination and direction of the document and productlon
effort (W. Bruce Peirano, Project Manager, Jerry F. Stara. Director, ECAOCincinnati). W. Bruce Peirano served both as the Project Manager and as the
principal author of this document. The. following individuals contributed
substantial portions ·of various chapters and their assistance has been
greatly appreciated:
Dlpak Basu
Mike Neal
Shane Que Hee
Dav1d J. Reisman
Linda S. Erdreich
Robert E. McGaughy
Chao W. Chen
William E. Pepelko
Muriel M. L1ppman
Sheila L. Rosenthal
The following
document:

people

also

David Dellarco
Charles H. Nauman
Phil Wi rdzek
Larry J. Zaragoza

Syracuse Research Corporation
Syracuse Research Corporatlon
University of Cincinnati
College of Medicine
U.S. EPA, ECAO-Cincinnati
U.S. EPA, ECAO-Cincinnati
U.S. EPA, CAG, Washington, DC
U.S. EPA, CAG, Washington, DC
U.S. EPA, CAG, Washington, DC
ERNACO, Inc.
U.S. EPA, REAG, Washington, DC
contributed

U.S.
U.S.
U.S.
U.S.

to

EPA,
EPA.
EPA,
EPA,

the

development

of

this

OTS, Washington. DC
EAG, Washington, DC
OTS, Washington, DC
OAQPS, RTP

The following individuals were asked to review the final draft of this
document:
Albert f. Munson
James R. Withey

Medical College of Virglnia
Health and Welfare, Canada

lhe following indhiduals were asked to rev1ew earl1er drafts of th1s
document:
George T. Bryan
Derek J. Cripps
Erma Durden
Erdogan Erturk
Richard W. Lambrecht
Carl R. Morris
Henry A. Peters
James Withey
Jennifer Orme

University of W'sconsin
University of Wisconsin
U.S. EPA, ECAO-Cincinnati
University of Wisconsin
University of Wisconsin
U.S. EPA, OTS, Washington, DC
University of Wisconsin
Health and Welfare, Canada
U.S. EPA, ECAO-Cincinnati

The following members of the ECAO-Cincinnati Technical Services Staff
were responsible for document production:
Cynthia Cooper
Patricia Daunt
Cindy Fessler

Karen Hann
Judith 01 sen
Bette Zwayer

v

CHLORINATED BENZENES PEER REVIEW PANEL HEHBERS
July 25-26, 1983
C1nc1nnat1, Oh1o
Cha1rman:

W. Bruce Peirano, ECAO-CIN
Members

Julian B. Andelman
D1pak Basu
Gary P. Carlson
Herbert H. Cornish
Fred Coulston
Diane Courtney
David Dellarco
Chr1stopher DeRosa
Chr1s D1ppel
l1nda S. Erdre1ch
Charal1nggayya H1remath
Mur1el M. L1ppman
Debdas Mukerjee
Albert Munson
Charles H. Nauman
M1ke Neal
W1111am E. Pepelko
Shane Que Hee
Martha J. Rad1ke
Dav1d J. Re1sman
John F. R1sher
She1la L. Rosenthal
Jerry F. Stara
Norman M. Tr1eff
Ph11 W1 rdzek

University of Pittsburgh
Syracuse Research Corporation
Purdue University
University of Michigan
Coulston International Corporation
EPA, HERL-RTP
EPA, OTS, Washington, DC
University of Maine
Dynamac Corporation
EPA, ECAO-CIN
EPA, CAG, Washington, DC
ERNACO, Inc.
EPA, ECAO-CIN
Medical College of Virginia
EPA, EAG, Washington, DC
Syracuse Research Corporation
EPA, ECAO-CIN
University of Cincinnati College of Medicine
University of Cincinnati College of Medicine
EPA, ECAO-CIN
EPA, ECAO-CIN
EPA, REAG, Washington, DC
EPA, ECAO-CIN
Un1versity of Texas Medical Branch
EPA, OTS, Wash1ngton, DC

vi

TABLE Of CONTENTS
Page
l.

INTRODUCTION . . . . . . .

1- l

2.

SUMMARY ANO CONCLUSIONS .

2-l

2.1.

2-l

SUMMARY
2.1.l.
2.1.2.
2.1.3.
2.1.4.

2.1.5.
2. l. 6.

2.2.
2.3.
3.

CONCLUSIONS . . . . . . . . . .
NEEDS FOR FUTURE RESEARCH . . .

2-1
2-2
2-4
2-5
2-10

2-12
2-20
2-21

PHYSICAL AND CHEMICAL PROPERTIES/ANALYTICAL METHODOLOGY .

3-1

3.1.
3.2.
3.3.

SYNONYMS, TRADE NAMES AND IDENTIFICATION NUMBERS .•
PHYSICAL AND CHEMICAL PROPERTIES . . • • • .
ANALYTICAL METHODOLOGY . . . . . . .

3-l

3.3.l.
3. 3. 2.
3.3.3.

3-16
3-18

3.3.4.
3.4.
4.

Properties, Product1on and Use . . . . • .
Environmental Levels, Transport and Fate.
Ecological Effects. . .
. ... ~
Pharmacokinetics. . .
. ..... .
. ........ .
Effects on Humans . .
Mammalian Toxicology . . . . . . . . . . .

Chemical Analysis in A1r. . • • . • • . . • . .
Chem1ca l Anal ys 1s in Water.
Chemical Analysis 1n Soil, Sediment and Chemical
Waste Disposal Site Samples . . . .
Chem1cal Analysis 1n fish and Other Foods .

SUMMARY .

3-1

3-15

3-20
3-20
3-23

PRODUCTION, USE ANO ENVIRONMENTAL LEVELS . .

4-l

4.1.
4 . 2.
4.3.

4-5
4-5

PRODUCTION . . . . . . . . . . . . . • .
USE . . . . . . . . . . . . . .
SOURCE ANO ENVIRONMENTAL LEVELS .
4.3. l.

4.3.2.
4.3.3.
4.3.4.

4.3.5.

4.4.

.
.
.
.

4-12

4-18
4-26
4-28

4-29

RELATIVE SOURCE CONTRIBUTIONS TO TOTAL EXPOSURE .

4-34

4.4. l.

Air . .
Water .
food . .

4-36

SUMMARY . . . .

4-38

4.4.2.
4.4.3.

4.5.

Levels in Air • . . .
Water . . . . . . . .
food. . . . . . . . .
Soil and Sediments. .
Human T1ssue Residues

4-1

4-36
4-38

vii

Page
5.

ENVIRONMENTAL lRANSPORT AND FATE.
5.1.

TRANSPORT .
5.1.1.
5. l. 2.
5 .1. 3.

5.2.

FATE.
5.2.l.
5.2.2.
5.2.3.

5.3.
5.4.
6.

Air
Water
Soil.

5-1
5-1
5-2
5-4

.
....

.
Air .
Water
Soil.

5-7
5-7
5-8

.

5-10

BIOCONCENTRATION, BIOACCUMULATION ANO BIOMAGNIFICATION. .
SUMMARY . . .
. . .

5-13
5-20

ECOLOGICAL EFFECTS . . . .

6-1

6.1.

EFFECTS ON THE AQUATIC ENVIRONMENT.

6-1

6.1.l.

6-1

6.1.2.

6.1.3.
6.1.4.
6.1.5.
6.2.

6.3.

Effect on Freshwater and Marine Fish.
Effect on Aquatic Crustaceans .
Embryotoxic and Reproductive Effects . .
Effect on Aquatic Plants . . .
Residues. . . . . . . . . .

6-14

6-16
6-24
6-30

EFFECTS ON NONAQUATIC ENVIRONMENTS.

6-34

6. 2.1.
6.2.2.
6.2.3.

6-34
6-35
6-37
6-38

6.2.4.

7.

.
.

5-1

Plants. .
Insects .
Birds . . .
Residues . .

SUMMARY . . .

6-39

MONOCHLOROBENZENE .

7-1

7.1.

PHARMACOKINETICS.

7-1

7.1.1.
7.1.2.
7.1.3.
7.1.4.
7.1.5.

7-1
7-1
7-2
7-5

7.2.

Absorption.
Distribution . .
Metabolism.
Excretion
Summary . .

7-10

EFFECTS ON HUMANS .

7-10

viii

Page
7. 3.

7.4.
7.5.
8.

7-12

7. 3. 1.
7.3.2.
7.3.3.
7.3.4.
7. 3. 5.
7.3.6.

7-12
7-15
7-23
7-24
7-24
7-30

Acute
Subchronic Toxicity
Chronic Toxicity . .
Mutagen i city . . . .
.. .
Care i nogen1c i ty . .
Reproductive and Teratogenic Toxicity

.

8.2.

8-1

....

....

Occupational Studies.
Case Studies. .
Summary
..

.

8-10
8-11
8-17

....

.

. . . . 8-17

Acute Toxicity.
Subchronic Toxicity .
Chronic Toxicity.
.
Mutageni city. . . .
Carcinogen1city . .
.... ...
Reproductive and Teratogenic Toxicity

.

.

....

9-1

....

PHARMACOKINETICS.

EFFECTS IN HUMANS

8-17
8-22
8-32
8-34
8-36
8-40
8-41
8-41

.

Absorption. .
Distribution.
Metabolism.
Excretion
Summary .

8-1
8-3
8-6
8-8
8-9
8-10

INTERACTIONS.
SUMMARY . .

9. 1.1.
9. l. 2.
9 .1. 3.
9.1.4.
9. l. 5.
9.2.

.

Absorption.
Distribution.
Metabolism.
Excretion
Summary .

TRICHLOROBENZENES
9 .1.

8-1

MAMMALIAN TOXICOLOGY.
8. 3. l.
8.3.2.
8.3.3.
8.3.4.
8.3.5.
8.3.6.

8.4.
8.5.

7-30
7-31

EFFECTS ON HUMANS
8. 2 .1.
8.2.2.
8.2.3.

8.3.

.

.

PHARMACOKINETICS.
8. 1.1.
8 .1. 2.
8 .1. 3.
8.1.4.
8.1. 5.

....

....

INTERACTIONS.
SUMMARY . .

DICHLOROBENZENES.
8.1.

9.

.. .
Toxicity . . .

MAMMALIAN TOXICITY.

.

9-1

.... ... ...
. . . .

9-1
9-2
9-2
9-6
9-8
9-9

Page
9.3.

9.4.
9.5.
10.

MAMMALIAN TOXICOLOGY . . . .

9-9

9.3.1.
9.3.2.
9.3.3.
9.3.4.
9.3.5.
9.3.6.

9-9

Acute Toxicity . . . .
Subchronic Toxicity .
Chronic Toxicity . . . . . . . .
Mutagenicity . . . . .
Carcinogenicity •.
Reproductive and Teratogenic Toxicity

9-14
9-23
9-24
9-25
9-26

INTERACTIONS.
SUMMARY . . .

9-28
9-29

TETRACHLOROBENZENES .

. . . . 10-1

10.1. PHARMACOKINETICS.
10.1. 1.
10.1.2.
10. 1.3.
10.1.4.
10.1.5.

10-1

Absorption . .
Distribution.
Metabolism . .
Excretion .
Summary . . . .

.
• •.
• ••
• ••

10.2. EFFECTS ON HUMANS . .
10.3. MAMMALIAN TOXICOLOGY.
10.3. l.
10.3.2.
10.3.3.
10.3.4.
10.3.5.
10.3.6.

• 10-14
. 10-15

Acute Toxicity . . .
Subchronic Toxicity
Chronic Toxicity . . .
Hutagenicity . . . . .
Carcinogenicity . . .
. ....•.
Reproductive and Teratogenic Effects . .

10.4. INTERACTIONS .•
10.5. SUMMARY . . . . . . .
11.

.•
...
. .
. .
.
. .•

10-15
10-21
10-23
10-23
10-24
10-24

. 10-27
. 10-28

PENTACHLOROBENZENE . .

11- 1

11.1. PHARMACOKINETICS.
11.1. 1.
11.1.2.
11.1.3.
11.1.4.
11.1.5.

10-1
10-2
10-7
10-10
10-13

. 11-1

Absorption •.
Distribution.
Metabolism . .
Excretion
Summary.

. . 11-1
. . 11-2

11-7
. 11-11

• 11-13

11.2. EFFECTS ON HUMANS .

. • 11-13

x

Page
11.3. MAMMALIAN TOXICOLOGY . . . .
11.3.l.
11. 3. 2.
11. 3. 3.
11. 3.4.
11.3.5.
11. 3.6.

12.

11-13

Acute Toxicity . . .
Subchronic Toxicity
Chronic Toxicity . .
Mutagenicity . . . .
Carcinogenicity . .
Reproductive and Teratogenic Toxicity .

. . 11-13
11-16
. 11-18
11-19
. . . . . 11-19
. 11-19

11.4. INTERACTIONS.
11.5. SUMMARY . . .

11-26
. 11-26

HEXACHLOROBENZENE .

12-1

12.l. PHARMACOKINETICS . .
12.l.l.
12.1.2.
12. l .3.
12.1.4.
12.l.5.

. . 12- 1

Absorption.
Distribution.
Metabolism.
Excretion
....
Summary . .

. . . 12- 1
12-3
. . 12-16
. . . . . . 12-20
12-27

12.2. EFFECTS ON HUMANS

12-29

12.2.1. Epidemiologic Studies .
12.2.2. Accidental Ingestion in Turkey.
12.2.3. Summary . . .
12.3

. . 12-29
. 12-32
12-37

MAMMALIAN TOXICOLOGY . . . .

12.3.1.
12.3.2.
12.3.3.
12.3.4.
12.3.5.
12.3.6.

12-40

Acute Toxicity . . . .
Subchronic Toxicity .
Chronic Toxicity . .
Mutagenicity . . . . .
Carcinogenicity . . .
Reproductive and Teratogenic Effects.

. 12-40
. 12-42
12-56
12-59
. . . . . 12-60
. . 12-122

12.4. INTERACTIONS.
12.5. SUMMARY . . .
13.

. . 12-127
12-131

OVERVIEW OF EFFECTS OF MAJOR CONCERN.
13.l. PRINCIPAL EFFECTS AND TARGET ORGANS .
•
13.2. ANIMAL TOXICITY STUDIES USEFUL FOR HEALTH ASSESSMENT
AND ESTIMATED TOXICITY THRESHOLDS . . .
13.2.1. Animal Toxicity Studies . . .
13.2.2. Estimated Toxicity Thresholds
13.3. CARCINOGENICITY STUDIES
13.4. HUMAN STUDIES . . . . . . . . . . . . .

xi

13-1
. . 13-1
. 13-5
13-5
. . 13-32
. 13-32
. . 13-40

Page
13.5. FACTORS INFLUENCING HEALTH HAZARD ASSESSMENT.
13.5.1. Exposure . . . . . .

. . 13-41

13.6. REGULATIONS ANO STANDARDS .

13-46

13.6.1.
13.6.2.
13.6.3.
13.6.4.
13.6.5.
13.6.6.
14.

. . 13-41

Occupat1onal Standards • . . .
Transportat1on Regulat1ons . .
Sol1d Waste Regulat1ons .
Food Tolerances .
Water Regulat1ons .
A1r Regulat1ons

REFERENCES . .

. .
. .•
. •
•
.
..

13-46
13-52
13-53
13-55
13-55
13-56
14-1

APPENDIX A: Compar1son Among 01fferent Extrapolat1on Models.

x11

A-1

LIST OF TABLES
No.

Title

Page

3-1

Synonyms. Trade Names and Identification Numbers of the
Chlorinated Benzenes . . . . . . . • . . . . . . . • . .

3-3

3-2

Physical Properties of the Chlorinated Benzenes

3-7

3-3

Vapor Pressures and Vapor Densities of the Chlorinated
Benzenes. . . . . .
. . . . . . . . . . . . . . . .

3-8

3-4

Reported Composition of Commercial 1,2-0ichlorobenzene . .

3-11

4-1

United States Production of Chlorinated Benzenes for
Selected Years. . . . . . . . . . .
. .•.•..

4-2

4-2

U.S. Producers and Estimated Annual Production Capacities
(1983) of Chlorobenzenes . . . . . . . . . . . . • .

4-6

4-3

A Summary of the Uses of the Chlorinated Benzenes

4-8

4-4

Estimated Quantities of Chlorobenzenes Lost During
Manufacture, and to the Environment Compared with
Total Production in 1983 . . . . . . . . . . . .

4-9

Estimated Quantities of Hexachlorobenzene {HCB) in
Industrial Wastes and Byproducts in 1972.

4-11

4-5
4-6

Chlorinated Benzene Levels in Ambient Air from
Different Locations in the U.S . . . . . .

4-13

4-7

Concentrations of Chlorinated· Benzenes at Three Sites .

4-16

4-8

Overall and Site-Specific Hean Atmospheric Levels of
Chlorobenzenes throughout the United States . . . . .

4-17

4-9

Atmospheric Levels of Hexachlorobenzene Around Selected
Industrial Plants . . . . . . . . . • • .
. . . .

4-19

4-10

Chlorinated Benzenes in Surface Water . .

4-20

4- ll

Chlorobenzene Concentrations in Drinking Water from
Ontario, Canada . . . . . . . .
. ...... .

4-24

Frequency and Range of Concentrations of Chlorinated
Benzenes Pollutants in Industrial Wastewaters . • . . .

4-27

4-13

Chlorinated Benzene Residues in Human Adipose Tissue . .

4-30

4-14

Chlorinated Benzenes in the Blood of Nine Residents of
Love Canal in Niagara falls, New York . . . . . . .

4-33

4-12

No.

Title

Page

4-15

Chlorinated Benzenes in the Breath and Urine of Nine
Residents of Love Canal in Niagara Falls, New York. .

4-35

4-16

Estimated Yearly Exposure to Several Chlorinated Benzenes
Via Inhalation. . .
. . . . . . . . . . . . . . .

4-37

5-1

Predicted Transport and Fate of Chlorinated Benzenes
Released from Landfills and Lagoons . . . .
. . . .

5-5

5-2

Transport of Chlorinated Benzenes in Sandy Soil . . .

5-6

5-3

Estimated Atmospheric Residence Time and Daily Loss Rates
for Several Chlorinated Benzenes. . . . . . . .
. . . .

5-9

5-4

Aqueous Biodegradability Studies of Chlorinated Benzenes. . .

5-11

5-5

Octanol/Water Partition Coefficients, Bioconcentration
Factors and Biological Half-lives for Chlorinated Benzenes
in Fish . . . . . . . . . . . . . . . . . . . . . . . . . . .

5-15

Bioconcentration Factor and Slope of the Elimination Curve
for Guppies {Poecilia reticulata) Exposed to Six Chlorinated
Benzenes. . . . . .
. . . . . . . . . . . . . . . . . .

5-19

Acute Toxicity Data for Fish Species Exposed to Chlorinated
Benzenes. . . . . . . . . . . . . . . . . . . . . . . .

6-2

6-2

Chronic Toxicity Values of Chlorinated Benzenes in Fish

6-12

6-3

Bioconcentration Factors of Some Chlorinated Benzenes
in Two Fish Species
. . . . . . . . . . . . . . .

6-15

6-4

Acute Toxicity Data for Crustaceans Exposed to Chlorinated
Benzenes. . . . . . . . . . . . . . . . . . . . . . . . .

6-17

6-5

Embryo-Larval Toxicity of Monochlorobenzene to Goldfish,
Largemouth Bass and Rainbow Trout in Soft and Hard Water.

6-21

6-6

Results of 1,2,4,5-Tetrachlorobenzene Tests with Embryo
to Juvenile Sheepshead Minnows in Continuous-Flow Natural
Seawater. . . . . . . . . . . . . . . . . . . . . . .

6-23

6-7

Adult Lifespan and Reproductive Performance of Brine
Shrimp Exposed to 1,3,5-Trichlorobenzene . . •

6-25

6-8

Acute Toxicity Data for Aquatic Algae Exposed to
Chlorinated Benzenes . . . . . . . . . . . . . . .

6-26

6-9

Chlorinated Benzene Concentrations (µg/~) in Water and
Sediment. . . . . . . . . . . . . . . . . . . . . . . .

6-31

5-6

6-1

xiv

-No.
--

TH le

Chlorinated Benzene Concentrations in a Variety of Marine
Species . . . . . . . . . . . . . . . . . . . . . . .

6-32

Emergence of Adult Houseflies 8 Days Following Exposure of
Pupae to "Saturation Concentration" of Dichlorobenzene
Vapors. . . . . . . . . . . . . . . . . . .
. ....

6-36

6-12

Chlorinated Benzene Residues in Bird Eggs . . . . . . . .

6-40

7-1

Percentage of Isomers of Chlorophenol from Metabolism
of Monochlorobenzene . . . . . . . . . . . . . . . . .

7-4

7-2

Species Variation in Urinary Metabolites of
chlorobenzene . . . . . . . . . . .

7-9

7-3

Acute Toxicity of Monochlorobenzene . . .

7-14

7-4

Summary of Subchronic Toxicity Studies on Monochlorobenzene .

7-16

7-5

Mutagenicity Testing of Monochlorobenzene

7-25

7-6

Nonneoplastic Lesions in F344 Rats Given Chlorobenzene by
Gavage for 2 Years . . . . . . . . . . . . . . .

7-27

7-7

Statistical Comparisons of Liver Tumors in Male Rats
Treated with Chlorobenzene and Vehicle Controls

7-28

8-1

Tissue Concentrations of 1,4-Dichlorobenzene in Adult
Fema l e CF Y Rats . . . . . . . . . . . . . . . .

8-5

8-2

Chromosomal Alterations in Persons Accidentally Exposed
to 1,2-Dichlorobenzene . . . . . . . . .

8-12

8-3

Case Reports Involving Dichlorobenzenes (DCB)

8-13

8-4

Acute Toxicity of 1.2-0ichlorobenzene

8-19

8-5

Acute Toxicity of 1,4-Dichlorobenzene

8-20

8-6

Subchronic Toxicity of 1,2-0ichlorobenzene.

8-23

8-7

Subchronic and Chronic Toxicity of 1,4-0ichlorobenzene.

8-25

8-8

NTP Bioassay of 1,2-Dichlorobenzene Analysis of
Primary Tumors in Male Rats: Adrenal Pheochromocytomas.

8-37

9-1

Distribution of 14 C-Labeled 1,2,4-Trichlorobenzene in Rat
Tissues after Oral Dosing with 181.5 mg/kg/day for 7 Days

9-3

9-2

Summary of Subchronic and Chronic Toxicity Studies
on Trichlorobenzenes.
. ........... .

9-15

6-10

6-11

xv

14

C-Mono-

No.

Page

Title

10-1

Percentage of 1,2,4,5-Tetrachlorobenzene Steady-State
Reached at Specif1c T1mes 1n Fat and Plasma of Dogs .

10-4

10-2

T1me Required to Reach Various Percentages of 1,2,4,5Tetrachlorobenzene Steady-State in fat and Plasma of Dogs

10-5

10-3

Unchanged Tetrachlorobenzene in Rabbit Tissues 6 Days
After Oral Dosing . . . . . . . . . . . . . . . .

10-6

10-4

Urinary Metabolites of Tetrachlorobenzene Isomers in
Rabbits 6 Days After Oral Dosing . . . . . . . . . . .

10-9

Summary of Excretion of the Isomeric Tetrachlorobenzenes
as Metabolites or as Unchanged Compound in Rabbits Dosed
Orally. • • . . . • . . . . . . . . . . . . .
. ...

10-11

10-6

Excretion of Unchanged Tetrachlorobenzenes in the Expired
Air of Rabbits After Oral Dosing • . . • . . . . . . .

10-12

10-7

Frequency of Chromatid-type Chromosome Aberrations in
Peripheral Lymphocytes. . . . . . . . . . . . .
. . . . 10-16

10-8

Frequency of Labile Chromosome-type Aberrations

10-9

Frequency of Stable Chromosome-type Aberrat1ons .

10-10

Summary of Toxicity Stud1es on Tetrachlorobenzenes.

. 10-19

11-1

Distribution of Pentachlorobenzene Residues in the
Tissues of Maternal Rats after Oral Administration.

11-3

11-2

Distribution of Pentachlorobenzene Residues in the
Tissues of Fetal Rats after Oral Adm1nistration to Dams .

11-4

11-3

Distribut1on of Pentachlorobenzene and/or Metabolites on
the 40th Day in the Rhesus Monkey Following a Single Oral
Dose of 0.5 mg/kg Body Weight . . . . • . . . . . . . . .

11-6

11-4

Distribution of Pentachlorobenzene in Chinchilla Doe
Rabbits Expressed as a Percentage of Administered Dose.

11-8

11-5

Percentage of Pentachlorobenzene and Its Metabolites
Identified in Urine, Feces and Various Organs of Rhesus
Monkeys Dosed 0.5 mg/kg Body Weight Pentachlorobenzene.

11-9

10-5

. 10-17
. . . 10-18

11-6

Cumulative Urinary and Fecal Excretion of Pentachlorobenzene
and Metabolites During 40 Days Following a Single Oral Dose
of 0.5 mg/kg in Hale and Female Rhesus Monkeys. .
• 11-12

11-7

Acute Oral Toxicity of Pentachlorobenzene . . . .

xvi

. 11-15

No.

Title

Page

11-8

Sunvnary of Subchronic. Reproductive and Teratogenic
Toxicity Studies on Pentachlorobenzene. . . . . . .

11-17

11-9

Reproductive Effects in Litters of Female Rats fed Diets
Containing Pentachlorobenzene . . . . . • . . . . .

11-21

11-10

Toxic Effects of Pentachlorobenzene on Reproduction in
Rats Dosed on Each of Gestation Days 6-15 . . . . • . . . . . 11-23

11-11

Skeletal and Soft-Tissue Abnormalities Observed in Rat
Litters of Dams Treated with Pentachlorobenzene on Each
of Gestation Days 6-15. . . . . . . . . • . . . .

. • 11-24

11-12

Fetal Wistar Rat Residues of Pentachlorobenzene . .

. . 11-25

12-1

Storage and Excretion of 14 C-HCB Administered Orally
in Arachis Oil in Rats . . . . . . . . . . . . . . . .

12-4

12-2

Tissue Concentration {ppm) of 14 C-Hexachlorobenzene
and Its Metabolites in Sprague-Dawley Rats . . . . .

12-6

12-3

Tissue Levels of HCB {ppm) in Adult Female Rhesus Monkeys .

12-7

12-4

HCB Concentrations in Tissues of Hale Beagles Receiving
Single Intravenous Doses of 1 mg/kg bw in Olive Oil . .

12-9

12-5

Hean (!SE) Hexachlorobenzene Radioactivity (dpm/g) of
Selected European Ferret Tissues . . • • . . . . . • .

12-14

12-6

Hean (!SE) HCB Radioactivity (dpm x 10 3 ) of European
Ferret Kits . . . . . . .
. . . . . . . . . .

12-15

12-7

Concentrations of HCB and its Metabolites (mg/kg) in the
Liver and Kidneys of Male and Female Rats . . . . . . . . . . 12-19

12-8

Hexachlorobenzene and Its Major Metabolites in the Excreta
of Different Animal Species . . . . . . . . . . . .

12-9

Results of Blood and Urine Analysis 1n Men Employed in a
Chlorinated Solvents Plant. 1974-1977. . . . . . . . . . . . . 12-31

12-10

HCB Plasma Levels in Exposed Individuals and Controls . .

. 12-33

12-11

Clinical Signs and Symptoms in Humans 25 Years After
Exposure to Low Levels in HCB in Turkey. 1955-1959.

• 12-36

. 12-21

12-12

Porphyrin Levels in Patients and Controls .

. . 12-38

12-13

Laboratory Test Results of Turkish Patients

. 12-39

12-14

Summary of Toxicity Studies on Hexachlorobenzene •.

xv1i

. . . 12-43

-~

12-15

Title
Porphyrin Content and Uroporphyrinogen Decarboxylase
Activity in the Liver Cytosol of Female Rats Pretreated
with 100 mg/kg HCB Every Other Day for 6 Weeks . .

Page

12-53

12-16

Tumor Incidence in Hamsters Given HCB in the Diet

12-17

Effect of HCB on Hamsters: Liver Tumors and Other Liver
Lesions . . . . . . . . . . .

12-66

12-18

Liver Tumor Incidence in Mice Fed HCB .

12-68

12-19

Tumor Data on Mice Fed HCB.

12-20

Body Weights of Female Agus Rats Fed Hexachlorobenzene
. . . . . . . . . . •
for 90 Weeks. . . . . .

12-73

Growth Rates for Female Agus Rats on a Diet Containing
100 ppm HCB . . . . . . . . . . . . . . . . . . . . . .

12-74

12-22

Dosage Levels in the Chronic Feeding Study of
Hexachlorobenzene in Sprague-Dawley Rats.

12-78

12-23

Liver and Kidney Tumors in Sprague-Dawley Rats Given
Hexachlorobenzene in the Diet for up to 2 Years

12-79

12-24

Adrenal Tumors in Sprague-Dawley Rats Given
Hexachlorobenzene in the Diet for up to 2 Years

12-81

12-25

Intake of Hexachlorobenzene (mg/kg/day) in the Chronic
Feeding, 2-Generation Study of Hexachlorobenzene in
Sprague-Dawley Rats . . . . . . . . . . . . . . . . . . . . . 12-83

12-26

Tumors in Organs that Showed Statistical Differences
from Control in Fi Sprague-Dawley Rats Treated with
Hexachlorobenzene . . . . . . . . . . . . . . . . . . . . . . 12-84

12-27

Parathyroid and Adrenal Pheochromocytomas in SpragueDawley Rats Maintained on Synthetic Diets of Varying
Vitamin A Content and With or .Without Hexachlorobenzene . . . 12-86

12-28

Qualitative Comparison of Tumor Development in Rats
Following Hexachlorobenzene Administration in Different
Studies . • . . . . . . . . . . . . . . . . . . . .

12-89

12-29

Tumor Incidences in Male and Female Hamsters Given
Hexachlorobenzene in Diet . . . . . . . . . . . . .

12-104

12-30

Incidence of Liver Cell Tumors in Male and Female
Swiss Mice Given Hexachlorobenzene Diet . . . . .

12-105

12-21

. 12-62

. . . 12-69

xviii

No.

Page

TH le

12-31

Liver and Kidney lumor Incidence Rates in Male and
Female Sprague-Dawley Rats Given Hexachlorobenzene in Diet . . 12-106

12-32

Incidence Rate of Adrenal Pheochromocytoma in Female
Sprague-Dawley Rats (F1 generation) in a 2-Generation
Feeding Study . . . . . . . . . . . . . . . . . . . .

. . 12-107

12-33

The Carcinogenic Potency of Hexachlorobenzene, Calculated
on the Basis of 14 Data Sets, Using the Linearized
Multistage Model . . . . . . . . . . . .
. . 12-110

12-34

Upper-Bound (Point) Estimation of Risk, Based on
Hepatocellular Carcinoma in Female Rats

12-35

Relative Carcinogenic Potencies Among 54 Chemicals
Evaluated by the Carcinogen Assessment Group as
Suspect Human Carcinogens . . . . . . . . .

. . . . . . 12-112

. . . . . 12-115

12-36

Significantly Increased Incidence of Tumors in
Animals Given Hexachlorobenzene in Diet . . . .

12-37

Analysis of the Excreta from Rats Administered Hexachlorobenzene After an Initial Treatment with Diethylstilboestrol......................

. . . . 12-121

. 12-129

13-1

Summary of Subchronic Toxicity Studies on Monochlorobenzene

13-2

Subchronic Toxicity of 1,2-Dichlorobenzene. . . . . . . .

13-3

Subchronic and Chronic Toxicity of 1,4-Dichlorobenzene.

13-11

13-4

Summary of Subchronic and Chronic Toxicity Studies on
lrichlorobenzenes . . . . . . . . . . . . . . . . .

13-13

13-5

Summary of Toxicity Studies on Tetrachlorobenzenes.

13-15

13-6

Summary of Subchronic, Reproductive and Teratogenic
Toxicity Studies on Pentachlorobenzene. . . . . .

13-17

13- 7

Summary of Toxicity Studies on Hexachlorobenzene.

13-18

13-8

Comparison of Toxic Effects of Chlorinated Benzenes
.. . . .... .. .....
in Rats . . .

.....

13-23

13-9

Comparison of Toxk Effects of Chlorinated Benzenes
. . . . . . . . . . . . . . . .
in Mice . . .

.. .

.

13-25

13-10

Comparison of Toxic Effects of Chlorinated Benzenes
in Rabbits . .
................

.. ...

13-27

.

xix

13-6
. 13-9

TH le

Page

Comparison of Toxic Effects of Chlorinated Benzenes
in Dogs . . .
. . . . . . . . . . . . . . . .

13-29

Comparison of Toxic Effects of Chlorinated Benzenes
. . . . . . . . . .
in Monkeys. .

. 13-31

13-13

Toxicity Data for Threshold Estimates .

. 13-33

13-14

Summary of Tumors Induced in Rodents by HCB

13-38

13-15

Comparison of Chemical and Physical Properties of
Chlorinated Benzenes . . . . . . . . . . . . . . .

13-42

Comparison of Chlorinated Benzenes BCF and Water
Concentrations . . . . . . . . . . . . . . . . . .

13-43

13-11
13-12

13-16
13-17

Estimated Yearly Exposure to Several Chlorinated
Benzenes Via Inhalation . . . . . . . . . . .

. 13-45

13-18

Occupational Standards for Monochlorobenzene . .

13-19

Occupational Standards for 1,2-Dichlorobenzene . .

13-49

13-20

Occupational Standards for 1,4-Dichlorobenzene . .

. 13-50

13-21

The Chlorinated Benzenes as Constituents of
Hazardous Wastes from Specific Sources . . . . .

13-54

Ambient Water Quality Criteria for Chlorinated
Benzenes--Aquatic Life . . . . . . . . . . . . .

13-57

Ambient Water Quality Criteria for the Chlorinated
Benzenes for the Protection of Human Health .

13-58

Maximum Immission Concentration Standards for
Monochlorobenzene . . . . . . . . . . . . . .

13-60

13-22
13-23
13-24

xx

. . 13-4 7

LIST OF FIGURES
-No.
--

TH le

Page

3-1

Chem1cal Structure of the Chlor1nated Benzenes.

3-2

7-1

Metabol1sm of Monochlorobenzene . . .

7-7

9-1

Metabol1c Pathways for Tr1chlorobenzene (TCB) Isomers
Through Arene Ox1de Intermed1ates 1n Rabb1ts . . . . .

9-7

12-1

H1stogram Represent1ng the Frequency D1str1but1on of
the Potency Ind1ces of 54 Suspect Carc1nogens Evaluated
by the Carc1nogen Assessment Group . . . . . . . . . . . . . . 12-114

xx1

l.

INTRODUCTION

The purpose of this document is to su11111arize the current knowledge of
the effects of exposure to the chlorinated benzenes on human health.
The chlorinated benzenes are a group of 12 compounds 1n wh1ch l to 6
chlorine atoms have been substHuted for the hydrogens on a benzene ring.
They are used as chem1cal 1ntermed1ates 1n the synthes1s of pest1cides and
other

chlorinated compounds,

and

as solvents,

space deodorants and other products.
from emissions

to air and water

pest1cides,

dye carriers,

Environmental contam1nat1on results

during

the manufacture and use of the

chlorinated benzenes and from the disposal of wastes from a number of processes.

These compounds are resistant to chemical and biol ogi cal degrada-

tion and
humans.

tend

to accumulate

in

lipid-containing

tissues

of animals and

lhe ubiquHous environmental distribut1on of the chlorinated ben-

zenes and their b1oconcentrat1on in humans are a basis for concern over the
consequences of chronic exposure to human health.
The raUonale for

structur1ng

the document

major issues, exposure and response.

'5

based pr1marny on

two

The first portion of the document is

devoted to the chlorinated benzenes in the environment:

physical and chemi-

cal properties, the monitoring of the chlorinated benzenes in various media,
natural

and

human-made

sources,

the

transport

and

distribution

of

the

chlorinated benzenes wHhin environmental media, and the levels of exposure.

The second part is devoted to biological responses

in laboratory

animals and humans including metabolism, pharmacokinet1cs, as well as the
toxicological effects of the chlorinated benzenes.
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Th1s assessment 1s based on or1g1nal pub11catfons, although the overall
knowledge covered by a number of rev1ews and reports was also cons1dered.
The references c1ted were selected to reflect the current state of knowledge
on those 1ssues wh1ch are most relevant for
chlor1nated benzenes 1n the env1ronment.
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a health assessment of the

2.

2.1.

SUMMARY ANO CONCLUSIONS

SUMMARY

2.1. l.

Properties, Product1on and Use.

The chlorinated benzenes are a

group of cyclic aromatic compounds in which 1-6 hydrogen atoms of a benzene
ring have been replaced by up to six chlorine substitutents.
tion

yields

12

compounds:

monochlorobenzene,

three

This substitu-

isomeric

forms

of

dichlorobenzene, three isomers of trichlorobenzene, three isomers of tetrachlorobenzene, pentachlorobenzene and hexachlorobenzene.

The physical prop-

erties of these compounds vary with the degree of substitution of each and
are, in general, low water solubility (solubility decreasing with increasing
chlorination), low flammability, moderate to high octanol/water partition
coefficients (coefficients increasing with increasing chlorination) and low
· to moderate vapor
chlorination).

pressures

(vapor pressures decreasing with increasing

They are chemically unreactive and exist as

solids at environmental conditions.

liquids or

Analyses of airborne chlorobenzenes are

usually accomplished by adsorption onto sorbent cartridges. followed by
thermal

desorption and analysis

by gas chromatography

(GC).

For water

samples. the purge-trap method is used to concentrate the volatile halogenated benzenes before analysis by GC.

For less volatile chlorinated ben-

zenes, solvent extraction followed by column chromatographic cleanup of the
extract and electron capture/gas chromatography (EC/GC), is the most commonly used method for the isolation. detection and quantification.
similar

Methods

to those used for wastewater samples are commonly used for

the

analysis of chlorinated benzenes in biological matrices.
Annual production of these 12 chlorinated benzenes in 1983 was on the
order of 450 million pounds, the majority of which is accounted for by monochlorobenzene and dichlorobenzenes.

These compounds are used in a number of

2-1

organic chemical syntheses, including the synthesis of other chlorobenzenes,
and have applications as solvents, electrkal equipment insulators, pesUcides,

herbicides and fungicides.

Emissions of chlorobenzenes are most

11kely to occur during their manufacture or in their use as intermediates
and from the disposal

of waste products from manufacturing operations.

Hexachlorobenzene is imported but not produced commercially in the United
States, and occurs as a by-product in the synthesis of nine other chlorinated hydrocarbons; 2-5 million pounds may be generated each year.
2.1.2.

Environmental

Levels,

Transport and Fate.

Chlorinated

benzenes

have been identHied in air, food and soil, and in surface, ground and
drinking water.

The highest concentrations have been found in or near manu-

facturing and waste disposal sites, although no study has attempted to characterize the contribution of any one source to the total environmental contamination by chlorobenzenes.
microgram/cubic

meter

and

Ambient air and water levels are in the

microgram/liter

range,

respectively,

monitoring studies for finished water have been limited.

although

The most fre-

quently detected chlorinated benzenes in air and water were monochlorobenzene and the di- and trichlorobenzenes.

Penta- and hexachlorobenzene have

been found more frequently in food and soil, although their detection may
reflect more the concern over their use as pesticides and fungicides, or
their presence as contaminants in pesticides or fungicides, rather than the
absence of the other chlorobenzenes.
The transport and fate of the chlorinated benzenes in the environment
have not been well characterized although, from laboratory and field studies
and from the known chemical and physical properties, several generalizations
can be made.

After emission into air, the chlorobenzenes are likely to be

widely dispersed by the prevailing wind and degrade slowly through chemical

2-2

and photolytic reactions.

One study estimated residence times for three of

the chlorobenzenes to be 1n the range of from 13-116 days.

When released

into water, these compounds, because of their low water solubility, will
evaporate from the surface rapidly.

Small amounts are likely to remain in

solution or be removed through sedimentation.

Some of the chlorobenzenes

can undergo microbial degradation, and all show a propensity for bioaccumulation.

After release of chlorobenzenes into soil, very little will be

removed by leaching with water because of low water solubility and high soil
adsorption; the latter increases with the number of substituent chlorines.
Evaporation is likely to occur from the upper soil layers.

Overall, the

less chlorinated chlorobenzenes will tend to partition from soil and water
into air, there to be dispersed and degraded.
tend

to

enter

the

atmosphere,

either

as

The chlorobenzenes will also
particulates

or

vapors,

and

disperse, degrade or precipitate out.
The chlorinated benzenes are lipophilic compounds that bioaccumulate in
animal and human tissues from ambient air, water and food.

The bioconcen-

tration factor (BCF) (tissue concentration/media concentration) is an indicator of bioaccumulation and is sometimes expressed in terms of physicochemical parameters such as the water solubility or the octanol/water partition coefficient, when biological data are not available, which reflect the
number of substituent chlorine atoms.

The BCF in various fish species range

from 12-46 for monochlorobenzene to >44,000 for hexachlorobenzene.

Physio-

logical exposure levels (the levels of exposure, concentration, at the site
of the compounds interaction, sequestration or observed effects) are determined by absorption, metabolism, elimination and storage in adipose tissue;
thus, biologically persistent compounds, like the chlorinated benzenes, may
result in prolonged physiological exposures.
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No comprehensive study of human exposure to the chlorinated benzenes has
been conducted, although their ubiquity in the environment and the detection
of measurable residues
absorption do occur.

in human

t1ssue

ind1cate

that

human exposure and

The contribution of the chlorinated benzenes from all

three media (air, water and food),

to est1mate a person's total exposure,

cannot be made from the 11mited environmental monitoring data.
able data, however,

The avail-

indicate that human inhalation exposure to chlorinated

benzenes may be higher than ingestion exposure either through drinking water
or through foods.
2.1.3.

Ecological

bioassays, the LC

Effects.

50

cause

has

been demonstrated

in acute

toxicity

in fish generally decreases as the number of substitu-

ent chlorine atoms on
benzenes

As

the molecule increases (isomers vary).

adverse

reproductive

effects

in

Chlorinated

invertebrates

and

fish.

Monochlorobenzene tested in goldfish and largemouth bass, 1,3,5-trichlorobenzene tested in brine shrimp, and the exposure of sheepshead minnows to
l,2,4,5-tetrachlorobenzene resulted in decreased hatching of eggs or embryo
lethality and decreased survival of juvenile fish.
Adverse effects of chlorinated benzenes were also apparent in terrestrial organisms.
chlorobenzene;

Mitosis in seeds and seedlings was disrupted by 1,4-di1,2,4,5-tetrachlorobenzene

seedling growth depending on soil type.

affected

plants.

inhibited

Dichlorobenzene

vapors

at

the emergence of housefly pupae,

trichlorobenzene each

in diesel

oil

were
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germination

and

Soil application rates of 224 kg/ha

or higher of 1,2,4,5-tetrachlorobenzene were found
cotton

seed

to be toxic

"saturation

to mature

concentrations"

while 1,2-dichlorobenzene and

toxic

to Douglas

fir

beetles.

Contact with residues of 1,3,5-trichlorobenzene shortened the 11fespan of
female wasps,

and

their eggs suffered high mortality within 7 days of

exposure.
Although effects of chlorinated benzenes (mortality, decreased reproduction)

on

natural

populations

have

not

been adequately

studied,

tissue

concentrations of several isomers were measured in a number of different
species.

Aquatic organisms (fish and invertebrates) and terrestrial species

have been found to contain chlorinated benzenes levels.

Tissue concentra-

tions of the measured chlorinated benzenes were highest for hexachlorobenzene.

The detection in North America and Europe of hexachlorobenzene in

the eggs of birds and subcutaneous fat of wild animals suggests its widespread distribution in the environment.
2.1.4.

Pharmacokinetics.

Monochlorobenzene is

readily absorbed

through

the respiratory system and the gastrointestinal tract, but the quantitative
extent is not known.

It is deposited in body lipids and metabolized by

microsomal

Oxidative reactions,

oxidation.

via the mixed function oxidase

enzymes, are believed to lead to the formation of metastable arene oxide
intermediates; these epoxides are metabolized further to the ortho-, metaor para-chlorophenols.

The chlorophenols can conjugate with glutathione and

be detoxified by conversion

to

the corresponding mercapturic acids and

excreted via the urine or they can bind to cellular proteins.

Binding to

cellular protein appears to be correlated with necrotic pathological changes
in the kidneys and livers of rodents.

In addition to conjugation with

glutathione, metabolites of monochlorobenzene (monophenols and diphenols)
can conjugate with glucuronic acid or with sulfate and be excreted in the
urine.

Monophenols are the major metabolites; the diphenols are formed to a

1esser degree.

The arene oxides, 3-ch lorobenzene oxide or 4-chl orobenzene
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ox1de,

can also

be

converted

to

the dihydrodiol

dehydrogenated to form chlorocatechols.

by epoxide hydrase and

There appear to be species differ-

ences in the prof1le of urinary metabol1c conjugates, and end metabolHes
may vary depending on the ava 1lab11 ity of tissue gl utathi one.

Detox Hi ca-

t1on by conjugation with glutathione is important in the modulation of toxic
effects especially at high exposure levels.

Saturation of these metabolic

pathways has been demonstrated at relatively low exposure levels.
The

available

data

for

rats,

rabbits

and

humans

indicate

that

the

dichlorobenzenes are absorbed through the lungs. gastrointestinal tract and
intact

skin,

though

actual

determinations

located in the ava1lable literature.
tion

or

ingestion,

of

absorption

rates

were

not

Once absorbed through either inhala-

the dichlorobenzenes

are

rapidly distributed

to many

tissues by the systemic circulation, including adipose, kidney, liver, lung,
heart,

brain

and

muscle

tissues.

Distribution

is

primarily

to adipose

tissue, which has initial levels 10-32 times the blood concentrations and to
lung and kidney tissues to a greater extent than liver, muscle and plasma.
Single-dose and repeated exposures by both inhalation and ingestion show
similar patterns of distribution.

Elimination of the dichlorobenzenes and

their metabolites occurs within 5-6 days after exposure, although elimination from adipose tissue is slowest and 1,2-dichlorobenzene and metabolites
are

el1minated

slightly

more

rapidly

than

1 ,4-dichlorobenzene.

The

dichlorobenzenes are primarily metabolized by hydroxylation to their respect1ve dichlorophenols, which are excreted in the urine in the form of glucuron1c and sulfate conjugates.

Some metabolites are excreted in the b1le,

although the majority are then reabsorbed by the enterohepatic pathway and
reexcreted in the urine.

Intermediates of the metabolism of 1,2-dichloro-

benzene, possibly arene oxides, bind to liver protein and may be involved in
the induction of hepatotoxicity.
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The limited comparative pharmacokinetic data available on the trichlorobenzenes prevent specification of the absorption, distribution, metabolism
and excretion of

the

individual

isomers.

From the available data,

it

appears that metabolism in at least three animal species has a common first
step, the production of an arene oxide intermediate.
steps,

however,

Subsequent metabolic

vary among the species examined, at least for

the most

studied isomer, 1,2,4-trichlorobenzene.
In general, the pharmacokinetics of the trichlorobenzenes are similar to
those described for the other halogenated aromatics.

These compounds are

lipophilic and their metabolism and excretion depend on conversion to polar
metabolites.

In addition,

their lipophilic character provides for ready

absorption from the gastrointestinal tract and initial distribution to the
more highly perfused tissues, particularly the liver, after which they are
either metabolized and excreted or redistributed to adipose tissue or skin.
Additional

experiments are needed

to clarify the relationship of these

studies to the metabolism of trichlorobenzenes in humans.

No studies describing the absorption, distribution, metabolism or excretion of 1,2,3,4-, 1,2,3,5- or 1,2,4,5-tetrachlorobenzene following inhalation exposure were

located

in

the available literature.

The pharmaco-

kinetics of the tetrachlorobenzene isomers following oral administration is
well characterized in rabbits, but not in other animal species.

The lipo-

philic characteristics of the tetrachlorobenzene isomers would allow efficient

transepithelial absorption at the gastrointestinal and respiratory

surfaces.

Once absorbed, the tetrachlorobenzene isomers administered orally

to rabbits were rapidly accumulated in fat, metabolized primarily to tetrachlorophenols and conjugated partly as glucuronides and ethereal sulfates or
eliminated unchanged in the expired air or feces.
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No pharmacok1net1c data were ava1lable for humans, except for a report
of 1,2,4,5-tetrachlorobenzene in adipose tissue (range of 0.006-0.039 mg/kg
bw; mean of 0.019 mg/kg bw) of 15 Tokyo residents.

The tetrachlorobenzene

1somers are both .in. vivo and .in. vitro metabolites of the pesticides, lindane
and hexachlorobenzene; therefore, human exposure via air, food and drinking
water may occur from the environmental degradation of these pesticides.
Although studies of the absorption of pentachlorobenzene indicated that
absorption does occur through the gastrointestinal tract, the rate or extent
of absorption has not been determined.

A study in rabbits indicated that up

to 50% of a dose was absorbed within 3-4 days.
monkeys indicated 95% absorption within 4 days.

Oral administration to
Absorption resulting from

inhalation has not been studied, and absorption from dermal exposure was
found to be rather poor in rats.

Once absorbed, pentachlorobenzene is dis-

tributed to many tissues, with the highest levels appearing in fat and bone
marrow.

A study

in

rats

demonstrated

that

transport across

placental

membranes occurred readily and that accumulation of pentachlorobenzene in
the

fetus

is highest

in

the

liver.

No studies were encountered that

described the distribution of pentachlorobenzene after inhalation or dermal
exposure.
The metabol1sm of pentachlorobenzene is not fully understood, but some
studies suggested that metabolic activity other than the hepatic cytochrome
P-450, xenobiotic metabolizing system may be involved.

Metabolism appeared

to be primarily via oxidation to two major metabolites, pentachlorophenol
and 2,3,4,5-tetrachlorophenol, which were excreted in the urine.

Metabolism

and excretion occurred at a slow rate; an estimated elimination half-lHe
for a single dose in primates was 2-3 months.
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lhe

pharmacokinetics

of

hexachlorobenzene

in a number of mammal,an

species have been studied in detail follow,ng oral administrat,on and, to a
lesser

extent,

following

intravenous

or

intraperitoneal

injection.

No

information was present i'n the available literature on hexachlorobenzene
metabolism following inhalation or topical application.

Absorption of hexa-

chlorobenzene from the intestinal tract appeared to depend on the vehicle
used during test material administration.

Thus, when hexachlorobenzene was

administered in olive oil, -80% of the dose was absorbed; when it was admini s t er ed i n an aqueous s o1ut i on • i n 1% me thy 1 ce 11 u1os e or i n a c r ys ta l li ne
form,

relatively

little

(<20%)

was

absorbed.

Intestinal

absorption of

hexachlorobenzene occurred primarily through lymphatic channels, with only a
minor portion being absorbed into the portal circulation.
Following absorption, hexachlorobenzene was distributed to tissues that
have a high lipid content.

The adipose Ussue accumulated the greatest

concentrations of hexachlorobenzene in all species studied, although bone
marrow and skin, which contain large amounts of lipids, also accumulated
hexachlorobenzene.

The

adrenal

cortex

accumulates

concentrations approaching those of fat.

hexachlorobenzene

at

Other body compartments (e.g .•

liver, kidneys, lungs, heart, spleen and blood) generally contain much lower
amounts of hexachlorobenzene.

Intravenous injection of hexachlorobenzene

results in a tissue distribution similar to that seen following oral administration.

Hexachlorobenzene is transported via the placenta and is dis-

tributed in fetal tissue as indicated by studies in rabbits, rats, mice,
mink and ferrets.
Hexachlorobenzene is metabolized slowly into other chlorinated benzenes,
chlorinated phenols and other minor metabolites and forms glucuronide and
glutathione conjugates.

For

this

reason
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tissues were found

to contain

ma 1nly unchanged hexach lorobenzene together w1 th sma 11 amounts of metabo1ites.

Sim1larly, only small amounts of hexachlorobenzene metabolites were

detected 1n feces, whereas most of the metabolites were excreted in the
ur1ne together with small amounts of unchanged hexachlorobenzene.

There are

1nd1cat1ons that females produce and excrete more hexachlorobenzene metabolites than do males.
The excretion of hexachlorobenzene from treated animals 1s slow and
occurs ma1nly through the feces with relatively little being excreted in the
urine.

It is characterized by an initial rapid phase followed by one or

more slow phases.

This slow phase of excretion can be enhanced by the

administrat1on of mineral oil, paraffin or n-hexadecane.
1ntestinal excretion contribute to fecal

excretion.

Both biliary and

A three-compartment

mammillary model has been reported for the behavior of hexachlorobenzene in
beagles and rhesus monkeys

following

i.v.

injection of a single dose.

Radioactivity was not detected in exhaled air following i.p. injection of
14

C-hexach l orobenzene.

Hexach l orobenzene has been detected in the milk of

nursing mammals.
2.1.5.

Effects on Humans.

No epidemiologic studies regarding the effects

of exposure to monochlorobenzene are available.

Human exposure to mono-

chlorobenzene by inhalation or by accidental ingestion can cause neurotox1c
effects.

It 1s not known

if

the effects are reversible after long-term

exposure or 1f there are other sites of toxicity.
Epidemiologic

data

on

dose-response association.

dichlorobenzenes

are insufficient

to evaluate

Possible chronic effects of exposure to the

d1chlorobenzenes are indicated by case reports of the chronic exposure of
individuals, 1.e., repeated exposures over a period of more than a year,
suggesting a common set of toxic effects, those of the reticuloendothe1'al
and hematopo1etic systems and those of the liver.
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Of the 23 exposure cases

found 1n the lHerature, 17 1nvolved patholog1cal changes 1n the blood or
11ver, 1nclud1ng chron1c lympho1d leukem1a. acute hemolyt1c anem1a. aplast1c
anemia and bone marrow hyperplasia.

Although the exposures in these cases

are not well defined in time and often 1nvolve other toxic substances.
together they suggest a common pathologic action of the dichlorobenzenes on
bone marrow and other organs of the blood-forming system. The one available
epidemiologic

study

supports

this

generalization

in

that

the

reported

short-term exposure to l,2-dichlorobenzene (8 hours/day for 4 days) produced
alterations in the chromosomes of leukocytes.

This study did not establish

an association between chromosomal alterations and the pathologic changes
that characterize the case studies.
Human exposure to l,2.4-trichlorobenzene at 3-5 ppm causes eye and
respiratory irritation.

The only other data on human exposure are individ-

ual case reports of aplastic anemia of persons exposed occupationally or
domestically.
Only one ep1dem1olog1c study was ava1lable regard1ng the effects of the
tetrachlorobenzenes on humans and this study examined peripheral lymphocytes
for

chromosomal

abnormalities

in blood.

The blood was

collected from

Hungarian workers engaged in the product1on of 1,2,4,5-tetrachlorobenzene.
There were observed chromosome aberrations in the lymphocytes; however. no
airborne concentrat1ons or exposures were determined.
No epidemiologic or case studies of effects on humans resulting from
exposure to pentachlorobenzene were available for review.
A few epidemiologic studies with occupationally-exposed workers have
been reported, together with studies conducted in Turkey and in the United
States
exposure

(i.e.,
to

Louisiana)

on

the general population following accidental

hexachlorobenzene.

These

studies qualitatively support

the

toxicity of hexachlorobenzene, but give little dose-response information.
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Biological monitoring of plasma levels clearly show more hexachlorobenzene
in the plasma of exposed compared to nonexposed individuals, although no
biologically significant adverse health effects were seen during the observation periods.

The exposure of humans

to hexachlorobenzene in Turkey

during 1955-1959 caused an epidemic of hexachlorobenzene-induced porphyria
cutanea tarda (PCT), also known as porphyria turcica, which is manifested by
disturbed

porphyrin metabolism,

cutaneous

lesions and hyperpigmentation.

The authors estimated that from 0.05-0.2 g/day were ingested.

In exposed

children under l year of age, pink sore was observed as well as 95% mortality in these infants.
Follow-up studies conducted with patients 20-25 years after the onset of
porphyria showed that a few subjects still had active porphyria. whereas
>50% exhibited hyperpigmentation scarring, as well as other dermatologic,
neurologic and skeletal features of hexachlorobenzene toxicity.

Hexachloro-

benzene residues were also found in the blood, fat and breast milk of some
patients.
A correlation was found between hexachlorobenzene levels in blood and
the number of years worked in a chlorinated solvents plant.

The concentra-

tion of urinary uroporphyrins and coproporphyrins ranged from 21-37 and
67-101

µg/l,

respectively,

for

the period between

1974 and

1977.

An

epidemiologic survey conducted with 86 residents in the vicinity of this
chlorinated solvents plant showed elevated hexachlorobenzene residues 'In
plasma.

Higher levels of hexachlorobenzene residues were found in males

than in females, but these were not associated with race or food consumption.
2.1.6.

Manmalian

Toxicology.

Acute

exposure

to

monochlorobenzene

by

inhalation causes sensory irritation of the respiratory system after a few
minutes; exposure for several minutes to several hours causes narcosis and

2-12

central nevous system depression, which can result in death.
zene is also toxic by the oral or parenteral routes.
acute toxic doses include kidney damage.

Monochloroben-

Systemic effects of

Subchr'onic inhalation exposure at

1.0 mg/m 3 (continously for 60 days) causes neurotoxic effects in rats, an
increase

in blood cholinesterase and abnormal

Repeated exposure of rats

chronaxia of the muscles.

to monochlorobenzene at 250 ppm (1157 mg/m 3

causes slight changes in the liver, kidneys and adrenal cortex.

)

Repeated

oral dosing of rats or dogs (100-200 mg/kg/day) causes some toxic manifestation in the liver and kidneys.

Gavage administration of monochlorobenzene

to mice and rats 5 times/week for 13 weeks resulted in increased mortality
in the higher dose groups

(~250

mg/kg), urinary porphyria and dose-dependent

injury to the liver, kidney. bone marrow, spleen and thymus.

A set of sim-

ilar studies were conducted in mice and rats for 2 years and resulted in
some increased mortality in the male monochlorobenzene exposed groups when
compared with controls.

Only equivocal evidence for mild monochlorobenzene-

induced hepatocellular necrosis was found in rats.

Although one study in Streptomyces antibioticus found monochlorobenzene
to induce reversion to vitamin B prototrophy and one study in Saccharo1
myces cerevisiae showed induction of DNA damage, several other studies using
bacterial, fungal and mammalian tissue culture systems were negative.

The

carcinogenic activity of monochlorobenzene was tested by the NTP bioassay
program in two rodent species at doses of 60 and 120 mg/kg bw/day in male
and female rats and female mice, and at 30 and 60 mg/kg bw/day in male mice.
Carcinogenicity was not definitively demonstrated for monochlorobenzene in
this study, but high dose male rats had a significant increase in neoplastic
nodules of the liver.
Repeated exposures to monochlorobenzene at 2.0 mg/R. (vapors) or 272.5
mg/kg/day (oral) were found to cause atrophy of the epithelial tissue in the
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sem1n1ferous

tubules

and decreased

spermatogenes1s

1n dogs and rats and

\ncreased gonad we1ght/body we1ght rat1os 1n female rats.

These effects 1n

dogs, however, were seen only at levels suff1c1ently toxic that the dogs
d1ed or were mor1bund.
Stud1es of

the acute and

subchron1c

tox1c1ty of

the d1chlorobenzene

\somers 1ndicate that generally these compounds have s1m1 lar target organs
and effects.

At oral doses rang1ng from 125-1000 mg/kg over per1ods of up

to 6 months, the d1chlorobenzenes cause central nervous system depress1on,
1njury to 11ver, k1dney, heart, thymus and spleen, and hepat1c porphyria;
however, one study reported that a dose of 0.01 mg/kg over a 5-month per1od
inh1b1ted

erythropo1es1s

and

bone

marrow act1vity.

The

subchronic

oral

tox1cHy studies in rats prov1de two est1mates of no-observed-effect level
(NOEL) values:

0.001 mg/kg for 1,4-dichlorobenzene and 18.8 mg/kg for 1,2-

and for 1,4-dichlorobenzene.

The National Toxicology Program (NTP,

1982)

subchron1c oral study on 1,2-dichlorobenzene 1n mice prov1ded higher est1mated NOEL values of 125 and 250 mg/kg for males and females, respect1vely.

A 2-year NTP chronic oral gavage study on l,2-d1chlorobenzene in rats and
mice, conducted primarily as a carcinogenes1s bioassay at the 60 and 120
mg/kg dose levels,
g1ven 120 mg/kg.

resulted only 1n increased mortality in the male rats
Acute and subchronic inhalation studies of d1chloroben-

zenes 1ndicate s1milar tox1c effects and target sites as seen in the oral
studies.
reported

The effects occurred at doses
as

580 mg/m 3

and

-450 mg/m 3

~900

mg/m 3

for

l,4-d1chlorobenzene,

;

inhalation NOELs were
and

290

mg/m 3 for l,2-dichlorobenzene.
Studies of the mutagenic activity of dichlorobenzenes show little or no
act1vity 1n a range of bacter1al systems, 1ncluding Salmonella, wHh and
without metabolic activation.
1mental detail.

However, these studies were lacking 1n exper-

Several studies with mold and plant cultures treated with
2-14

dichlorobenzenes have reported mutat1ons and chromosomal alterat1ons.

The

carc1nogenic activity of 1,2-dichlorobenzene, was tested in the NTP bioassay
program 1n two rodent species at doses of 60 and 120 mg/kg.

No evidence of

carcinogenic activity was found under the test conditions.

The carcinogen-

icity of 1,4-dichlorobenzene was tested in two rodent species using longterm inhalation exposure.

Aga1n, no evidence for carcinogenicity was noted.

Since neither study may have used the maximum tolerated dose, the evidence
must be considered inadequate for developing conclusions concerning the
carcinogenicity of

1,2- or 1,4-dichlorobenzene if the IARC criteria for

classifying carcinogens are used.
The effects in marrmals of acute exposure by various routes to trichlorobenzenes include local irritat1on, convulsions and death.

Livers, kidneys,

adrenals, mucous membranes and brain ganglion cells appear to be target
sites with effects including edema, necros1s, fatty 1nfiltration of livers,
increased organ weights, porphyrin induction and microsomal enzyme induct1on.
Quantitative data on the toxic effects of trichlorobenzene following
subchron1c exposure by various routes were obta1ned in a variety of spec1es.
In general, these studies indicate that the liver and kidney are target
organs.

Inhalation of l,2,4-tr1chlorobenzene at

~74.2

mg/m 3 (10 ppm) for

6 hours/day, 5 days/week for up to 26 weeks induced hepatocytomegaly and
hya 11 ne degeneration in several species, although these effects may be to
some extent reversible.

One study identified 22.3 mg/m 3 (3 ppm) as a no-

observed-adverse-effect level (NOAEL) 1n rats, while another study reported
that some rats exposed by inhalation to 1,3,5-trichlorobenzene at 7423
mg/m 3 (1000 ppm) for 13 weeks showed squamous metaplasia and focal hyperplasia of the respiratory ep1thelium, which appeared to be reversible.
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Subchron1c oral stud1es have also found that the tr1chlorobenzenes 1nduce
hepat1c xenob1ot1c metabol1sm and porphyr1a.

Subchron1c dermal exposure

resulted 1n m1ld to moderate irr1tation.
One chronic study on the effects of tr1chlorobenzene (0.03 ml) pa1nted
on the skin of mice for 2 years reported increased mortal1ty in females at
the low dose (30% solution in acetone) and in both sexes at the high dose
(60" solution).
Results of two reports on mutagenicity tests with Salmonella typhimurium
test strains were negative.

However. this test system is generally 1nsensi-

t1ve to chlorinated compounds.
painting study in mice.
effect.

fa1led

One carcinogenic Hy study. a 2-year skin
to demonstrate a conclusive tumorigenic

A mult1generation study of the reproduct1ve effects of oral expo-

sure of rats to trichlorobenzene fa1 led to show effects on reproduct1on.
Oral teratogen1c1ty stud1es in rats showed mild osteogen1c changes in pups
and significantly retarded embryon1c development as measured by fetal growth
parameters.
The only manrnal1an tox1cology data available for tetrachlorobenzenes are
the result of oral exposures.

The oral L0 50 for 1.2.4.5-tetrachlorobenzene was reported as 1035 mg/kg in mice and 1500 mg/kg 1n rats and rabb1ts
when administered in sunflower oil and 2650 mg/kg in mice when administered
in l.5% starch solution.

Subchronic oral exposure of rats and rabbHs to

l.2,4,5-tetrachlorobenzene resulted 1n statist1cally sign1f1cant effects on
b1ochem1cal parameters. including ret1culocytosis. 1ncreased blood chol1nesterase activHy. erythrem1a and an indication that glycogen formation was
impeded;

at

higher

doses

of

l.2.4.5-tetrachlorobenzene.

rats

also

had

increased kidney and liver weights. and renal and hepat1c histologic changes.
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Reversible effects on serum allc.al1ne phosphatase and total b1lirubin
were reported in dogs given 5 mg/kg bw/day 1,2,4,5-tetrachlorobenzene in the
diet for 2 years.
1,2,4,5-Tetrachlorobenzene was not mutagenic in the sex-linked recessive
lethal

assay

with

Drosophila

melanogaster.

However,

because

only

an

abstract of the study was available, experimental details were too sparse to
permit an evaluation of this negative result.

Both 1,2,3,5- and 1,2,4,5-

tetrachlorobenzenes were negative in the reverse mutation assay with Salmonella typhimurium strains TA98, TAlOO, TA1535, TA1537 and TA1538.

These

results were reported in an abstract with insufficient experimental detail.
Also, a negative result for chlorinated compounds in the Salmonella reversion assay is not unexpected.
No information was available regarding the carcinogenicity of any of the
three tetrachlorobenzene isomers in either animals or humans.
The tetrachlorobenzene isomers have been found to induce appreciable
maternal

tox1city, mild fetotox1city and negligible teratogenicity in rats

following oral administration.
Oral Lo

values were determined for pentachlorobenzene in adult rats
50
(1080-1125 mg/kg) and mice (1175-1370 mg/kg), and for weanling rats (940
No clinical signs of toxicity were observed in adult rats following

mg/kg).

dermal application of 2500 mg/kg pentachlorobenzene.

Also, it was demon-

strated that pentachlorobenzene caused an increase in the liver content of
cytochrome

P-450,

microsomal

drug

metabolizing

enzymes

and

microsomal

proteins.
A subchronic feeding study indicated that the primary toxic effects are
on the liver and kidneys, although slight changes in some hematologic parameters

(e.g., decreased erythrocyte count, hemoglobin and hematocrit; and
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increased leukocyte count) occurred in the high dose groups.

Histologic

examination identified pathologic changes in the livers of the female rats
fed 500 and 1000 ppm in the diet for 180 days and in the 1000 ppm male rats
treated for 100 days.

These data were sufficient to identify a subchronic

lowest-observed-adverse-effect 1evel ( LOAEL) of 500 ppm (-27-63 mg/kg/day)
and a NOEL of 250 ppm (-16-31 mg/kg/day).
No mutagenic activity was detected in five strains of Salmonella !..:t.JIBimurium when tested at five unspecified concentrations of pentachlorobenzene
in the presence and absence of rat liver microsomes induced by Aroclor 1254.
These results were reported in an abstract with insufficient ex per imenta 1
details presented.

A negative result is not unexpected, because the Salmo-

nella test system has been found to be generally insensitive to chlorinated
compounds.
Studies also have shown that pentachlorobenzene is capable of causing
reproductive and developmental effects.

Female rats fed diets containing

pentachlorobenzene during mating and gestation produced litters with reduced
pup survival and body weights at weaning, and increased liver-to-body weight
ratios.

No adverse effects were observed in the offspring of the dams

exposed to 125 ppm (6-16 mg/kg/day).
Single oral doses of pentachlorobenzene given daily to pregnant rats
during·gestation increased the incidence of fetal death at all tested doses,
identifying a LOAEL of 50 mg/kg/day.

Sternal defects and an increase in the

incidence of extra ribs also were observed at doses of 200 mg/kg/day and 50,
100 and 200 mg/kg/day, respectively.
In a study of possible reproductive and teratogenic effects, doses of 50
and 100 mg/kg/day of pentachlorobenzene administered by gavage to pregnant
mice had no adverse effect on fetal development or survival of the pups.
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The acute oral toxicity of hexachlorobenzene has been found to be low
with Lo 50 values ranging from 1700-10.000 mg/kg. Subchron1c oral toxicity
studies with a number of mammalian species indicated a significant increase
in

liver and kidney weights

in hexachlorobenzene-treated animals.

studies have shown increases in other organ weights as well.

Some

The livers

from hexachlorobenzene-exposed animals have shown histologic changes such as
irregular shaped and moderately enlarged liver mitochondria and increases in
the

size

of

the

centrilobular

hepatocytes.

Chronic

toxicity

studies

revealed similar effects to those seen in the subchronic studies. plus
hexachlorobenzene associated life-shortening and various hepatic and renal
pathologies.
related.

These

subchronic

and

chronic

effects

were

usually

dose-

Other effects included multiple alopecia and scabbing. together

with neurologic effects in rats. mice and dogs.

A dose-related histopatho-

logic change in the ovaries of monkeys has also been reported.
Increased porphyrin levels in the liver and in urine have been reported
for all species studied except the dog.

Hexachlorobenzene was found to

cause the accumulation of B-H-steroids which induce porphyrin biosynthesis
and to inhibit uroporphyr i nogen decarboxylases.

The i nhi bi U on of uropor-

phyr i nogen decarboxylase appears to be from pentachlorophenol. a hexachloroben zen e me tab o1i t e .

I ndi ca t i on s a r e th a t f ema 1e s a r e mo r e s us ce pt i b1e to

hexachlorobenzene-induced porphyria than are males. which may be related to
the

females

estrogen

levels

and

greater

hexachlorobenzene

metabolism.

Hexachlorobenzene was reported to produce a mixed-type induction of cytochromes resemb 1i ng that produced by a combination of phenobarbita 1 ( P-450)
and 3.4-benzpyrene (P-448).

In addition. the activities of several hepatic

microsomal enzymes were found to be induced by hexachlorobenzene.
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Hexachlorobenzene did not induce dominant lethal mutations in two studies but was reported to be mutagenic in a yeast,
concentration of 100 ppm.

~

cerevisiae, assay at a

Hexachlorobenzene possessed no detectable levels

of mutagenic activity in the Salmonella histidine reversion assay.

The

chronic toxicity studies provide sufficient evidence of the carcinogenicity
of hexachlorobenzene in animals since there was an increased incidence of
malignant tumors of the liver in two species (haemangioendothelioma in hamsters and hepatocellular carcinoma in rats) as well as reports of hepatoma
in mice, rats and hamsters.

Hexachlorobenzene given to pregnant mice was

found to produce cleft palates and renal agenisis in exposed pups.

Cer-

tain chemicals were found to alter the toxicity of hexachlorobenzene in mammals, whereas hexachlorobenzene pretreatment was reported to increase CCl

4

toxicity and alter the immune responses of treated animals.

2.2.

CONCLUSIONS
The chlorinated benzenes are a group of 12 cyclic aromatic compounds in

which 1-6 hydrogen atoms of a benzene ring have been replaced by up to six
chlorine substituents.

As

the benzene ring is increasingly chlorinated

there are physiochemical trends towards increased melting points, bo1ling
points, densities and log partition coefficients, and decreased volatility
and water solubility of the compounds.
A wide range and severity of chlorinated benzenes-induced health effects
have been reported in rodents and other laboratory animals.

Some of these

same effects have also been observed in chlorinated benzenes-exposed humans
as well, but the human reports are not as extensive or complete as the
animal studies.

A review of the animal chlorinated benzenes health effects

literature also indicates that there are some large data gaps existing for
several of the chlorinated benzene isomers, especially for 1,3-dichlorobenzene,

the

trichlorobenzenes

and

the
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tetrachlorobenzenes.

The animal

stud1es 1nd1cate a trend of 1ncreas1ng tox1c1ty w1th increased chlor1nat1on
of the benzene r1ng, e.g., hexachlorobenzene is more porphyr1nogenic than
monochlorobenzene.

Adequate

ev1 dence

of

the

care 1nogen1 c Hy

of

the

dHferent chlor1nated benzenes has only been shown for hexachlorobenzene.
Hexachlorobenzene has been class1f1ed as a probable carc1nogen 1n humans.
2.3.

NEEDS FOR FUTURE RESEARCH
In the development of th1s document and prev1ous drafts, there have been

many comments on the need to complete certain stud1es and to 1n1t1ate other
research.

These new data would ref1ne the known 1nformation and g1ve sc1en-

t1sts a better understand1ng of the effects of the chlorinated benzenes and
their properties.

Some of the health-related data m1ght become ava1lable as

1ndicated in 48 FR 54836.

However, as the result of th1s document and 1ts

review, the follow1ng research needs were 1dent1fied which would y1eld data
that would prov1de further 1nformat1on on the specH1c nature and health
effects of the chlor1riated benzenes, as well as help to resolve many remain1ng unknowns.
e

further studies should be conducted to determ1ne deta1led pharmacokinet1cs of each of the chlorinated benzene isomers (1.e., absorpt1on, distribution, metabol1sm and excretion).
further studies should be conducted to determ1ne more thoroughly
the long-term toxic 1 ty and, 1n some cases, the care 1nogen1 city of
many of the chlorlnated benzene 1somers, except for hexachlorobenzene where sufficient data already ex1sts.
further mutagenicHy stud1es should be conducted on those chlorinated benzene 1somers wh1ch do not have suffk1ent mutagen1cHy
data ava1lable.
Stud1es should be conducted to assess the potential of the chlorinated benzenes to cause DNA damage.
Teratogenic1ty, fetotox1city and reproductive studies should be
conducted using var1ous routes of exposure, wHh emphasis on the
inhalation route, on all the chlor1nated benzene 1somers.
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Stud1es on the neurotox1c effects of the chlorinated benzene
1somers should be conducted using various routes of exposure, w1th
emphasis on the inhalation route.
•

Studies should be conducted to assess for poss1ble chlor1nated
benzenes effects on alterations to the endocr1ne, hematopo1etic and
1nvnunologic systems in humans and animals.

•

Further stud1es need to be conducted on the porphyria-produc1ng
propert1es of the chlor1nated benzenes [i.e., the properties of the
chlorinated benzene molecules or the1r metabolite(s) which are
responsible for this adverse health effect in humans and animals].

•

Invest1gations need to be conducted 1nto the quantHative
structure-activHy relationships of the chlorinated benzenes wHh
an effort to relate biolog1cal and health effects to physiochemical
propert1es.

•

Studies are needed to 1dent1fy the extent of human exposure from
each of the chlorinated benzene isomers and the relat1ve contribution of the various environmental medias to the total human
exposure.

•

Exposure and health assessments of indoor air pollution by chlorinated benzenes need to be made. This is important especially for
the dichlorobenzenes which are present in household space deodorants and moth repellants.

•

Epidemiolog1c studies need to be conducted on individuals who are
occupationally exposed to the chlorinated benzenes, with particular
emphas1s on those adverse health effects already observed in the
human and animal studies.

•

Further follow-up studies are needed concerning the health of the
Turkish individuals who were exposed to hexachlorobenzene in the
1950's, with particular emphas1s on their cancer incidences.
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3.

PHYSICAL AND CHEMICAL PROPERTIES/ANALYTICAL METHODOLOGY

The chlorinated benzenes are the group of substituted benzene compounds
in which 1-6 hydrogen atoms of benzene are replaced by chlorine atoms with
no substHuents present other than chlor1ne and hydrogen.
of

benzene

(C H Cl);
6 5
1,2,4- and

can
1'2-'

yield

12

different

1,3- and

compounds:

1,3,5-trichlorobenzene

hexachlorobenzene

monochlorobenzene

1,4-dichlorobenzene

1,2,3-,
1,2,3,4-,

1,2,4,5-tetrachlorobenzene
and

The chlorination

1,2,3,5- and

pentachlorobenzene

(C 6Cl 6 ).

The

chemical

structures

of

these

com-

pounds are shown in Figure 3-1.

3.1.

SYNONYMS, TRADE NAMES AND IDENTIFICATION NUMBERS
Synonyms, trade names and identification numbers for the 12 chlorinated

benzenes are listed in Table 3-1.

3.2.

PHYSICAL AND CHEMICAL PROPERTIES
Some physical properties of the chlorobenzenes are shown in Tables 3-2

and 3-3.

In general, the chlorinated benzenes have low water solubility,

moderate to high octanol/water partition coefficients and low to moderate
vapor pressures at 25°C, and low flammability.

Apart from hexachloroben-

zene, they are considered to be volatile compounds because their Henry's Law
constants

are

greater

than

10- 4

atm

m3

q

•

mol- 1

(MacKay

et

al.,

1979).

The chlorobenzenes

are chemically very unreactive compounds and are

generally stable under ambient conditions in the laboratory.

Because of the

electron-withdrawing character of the chlorine atom relative to carbon, the
chlorobenzenes are highly resistant to electrophilic attack (e.g .• chlorination), and each additional chlorine substituent further lowers the reactivity of these compounds.

Hydroxylations occur only at high temperatures in
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FIGURE 3-1
Chemlcal Structure of the Chlorinated Benzenes
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TABLE 3-1
Synonyms. Trade Names and Ident1f1cat1on Numbers of the Chlor1nated Benzenesa

Chem1cal
Honochlorobenzene

Ident1f 1cat1on Number

Synonyms and Trade Names

CAS
TSL
NCI
EPA
EPA
DOT

No.
No.
No.
Haz
Haz
Haz

108-90-7
CZ017500
C54886
Waste No. U037
Waste No. F002
Mat No. UN1134

Chlorobenzene
Benzene chloride
Phenyl ch lor1 de
Chlorobenzol
HCB
Chlorbenzene
Monochlorbenzene
Benzene. chloroChlorobenzeen {Dutch)
Chlorobenzene {Pol1sh)
Clorobenzene {Ital1an)
Monochlorobenzene {Dutch)
Monochlorobenzol {German)
Monochlorobenzene {Ital1an)

CAS
TSL
NCI
EPA
EPA
DOT

No.
No.
No.
Haz
Haz
Haz

95-50-1
CZ4500000
C54944
Waste No. U070
Waste No. F002
Hat No. UN1591

o-D1chlorobenzene
o-Oichlor benzol
DCB
Dowtherm Eb
OOB
o-OCB
.Q..-01chlorobenzol
Orthod1chlorobenzene
Orthod1chlorobenzol
Chlorobenb
D1zeneb
01chlorobenzene. ortho, 11qu1d
Spec1al Term1te Flu1d
Term1tk11
Cloroben
Benzene, l,2-d1chloroBenzene, .Q..-dichloroOOCB
D11ant1 n OB

01chlorobenzene
1. 2-
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TABLE 3-1 (cont.)

Chemical

Identification Number

Synonyms and Trade Names

Dichlorobenzene
1, 3-

CAS No. 541-73-1
EPA Haz Waste No. U071

Benzene, m-dichloroBenzene, 1,3-dichlorom-Phenylene dichloride
m-Dichlorobenzol
m-Dichlorobenzene
meta-Dichlorobenzene

1,4-

CAS
TSL
NCI
EPA
DOT

Di-chloricide
Paramo th
R-Dichlorobenzene
PDB
Paracide
Paradichlorobenzene
Paradi
Paradow
Santochlor
R-DCB
R-D1chlorobenzeen (Dutch)
1,4-Dichloorbenzeen (Dutch)
R-D1chlorbenzol (German)
1,4-Dichlor-benzol (German)
R-D1chlorobenzol
Dichlorobenzene, para, solid
1,4-Dichlorobenzene (Italian)
R-Diclorobenzene (Italian)
para Crystals
Parad1chlorobenzol
Paranuggets
Parazene
Benzene, R-d1chloroBenzene, l,4-d1chloroR-Chlorophenyl chloride
Evola
Persia-Perazol

No.
No.
No.
Haz
Haz

106-46-7
C24550000
C54955
Waste No. U072
Mat No. UN1592
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TABLE 3-1 (cont.)

Chemical

Identification Number

Synonyms and Trade Names

Trichlorobenzene
1,2,3-

CAS No. 87-61-6

vic-Trichlorobenzene
1,2,6-Trichlorobenzene
v-Trichlorobenzene

l '2' 4-

CAS No. 120-82-1
TSL No. DC2100000

Benzene, 1,2,4-trichloroasym-Trichlorobenzene
TCB
Trojchlorobenzen (Polish)
1,2,4-Trichlorobenzol
Hostetex L-Pec

1,3,5-

CAS No. 108-70-3

s-Trichlorobenzene
sym-Trichlorobenzene
TCB
TCBA
Benzene, 1,3,5-trichloro-

l,2,3,4-

CAS No. 634-66-2

Benzene, 1,2,3,4-tetrachloro-

1,2,3,5-

CAS No. 634-90-2

Benzene, 1,2,3,5-tetrachloro-

1,2,4,5-

CAS No. 95-94-3
TSL No. DB9450000
EPA Haz Waste No. U207

Benzene tetrachloride
Benzene, 1,2,4,5-tetrachloros-Tetrachlorobenzene

CAS No. 608-93-5
EPA Haz Waste No. Ul83
TSL No. DA6640000

1,2,3,4,5-Pentachlorobenzene
QCB
Benzene, pentachloroQuintochlorobenzene

Trichlorobenzene

Tetrachlorobenzene

Pentachlorobenzene
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TABLE 3-1 (cont.)

Chemical

Ident1f1cation Number

Hexachlorobenzene

CAS No. 118-74-1
TSL No. DA2975000
EPA Haz Waste No. Ul27

Synonyms and Trade Names
Esaclorobenzene (Ital1an)
Amat1n
Ant1car1e
Bunt-Cure
Bunt-No-More
Co-op Hexa
Granox NH
HCB
HEXA C.B.
Hexachlorobenzol (German)
Hexachlorobenzene
Jul1n's Carbon Chlor1de
No Bunt
No Bunt 40
No Bunt 80
No Bunt l1qu1d
Pentachlorophenyl Chlor1de
Perchlorobenzene
Phenyl Perchloryl
Sanoc1de
Smut-Go
Sn1ec1otox

asource: Nat1onal Library of Med1cine (NLH), Toxicology Data Bank (TDB)
bformulat1ons wh1ch contain 1,2-dichlorobenzene
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TABLE 3-2
Phys,cal Propertles of the Chlor,nated Benzenesa

VJ
I
-.J

Mel Ung
Po,nt
(°Cl

Bon lng
Pointb
( •c)

Henry's Law
Constantd x 10-3 Log pod
(atm m3 mo1-11

Water
Solub11Hy
(mg/l)e

Flash
Point
(°C or °F)

Index of
RefracUon
at (°C)

2.84f

500(20)g

85 F/cch

l.5241 (20)

3.38f
3.38f
3.39f

145g
123g
79g

Chem, cal

Molecular
Welght

Monochlorobenzene

112. 56

-45.6

132

l. l

2.6

Dlchlorobenzene
l ,21. 31,4-

147.01
147.01
147 .01

-17 .0
-24.7
53 .1

180.5
173
174

l.30
1.28(25)
l. 25

l. 3

lrlchlorobenzene
1,2,3l, 2,41. 3. 5-

181. 46
1Bl.46
181. 46

221
213.5
208.4

l. 69
1. 45
l .39(64)m

Tetrachlorobenzene
1,2,3,4l,2,3,5l, 2. 4, 5 -

215.90
215.90
215.90

254
246
246

NA
NA
l .86( 22)

NA
NA
4.93j,n

Pentachlorobenzene

250.34

86

277

1.83( 16. 5)

5.63n

'0.56k

Hexachlorobenzene

284.79

230

322.9

1.57(23)

5.8'

o.005k

1

52.6
16.95
63.4
47.5
54.5
139. 5

Densltyc
(g/ml)

2.4
l.O
4.3

0 .12

4.,,. j
4. 12 l
NA

0ata are from the Nat,onal Llbrary of Medlcine (NLM), Toxicology Data Bank (TOB), except as noted.
nAt 760 mm
cAt 20°c, except as noted
dMacKay et al., 1979
eAt 25°C, except as noted
fleo et al., 1971
gVerschueren, 1977
hlhese are data from closed cup (cc) experiments

31 .5k
34.6k
6.6k
4.3k
3.5k
o.6ok

151 F/cc
NA
150 F/cc

1.5515(20)
1.5459(20)
1.5285(60)

113 c
110 c
107 c

1.5776(19)
1 . 5717 ( 20)
l.5662( 19)

NA
311 F
311 F

NA
NA
NA

NA
468 F

NA
NA

'Monsanto, 1978
jisomer unspeclfled
kYalkowsky and Valvanl, 1980
1Hansch and Leo, 1981
mHor va th, '] 982
nU.S. ~PA, 1980tJ.
P0 = Part,tlon coefflclent at 25°C
NA = Not available

TABLE 3-3
Vapor Pressures and Vapor Oens1t1es of the Chlor1nated Benzenes

Chem'\ca 1

Vapor Pressure
(nvn Hg)

Spec1f1c Vapor Dens1ty
(a1r = 1)

8.8 at 20°ca
10 at 22.2°cb
11.8 at 25°cb
15 at 30°ca

3.88a.b.c
3.9d

1 at 20°ca
1.28 at 25°ce
1.5 at 25°ca
1.9 at 30°ca

5.o5b
5.01a.c

1,3-

l at 12.1°Cb
1.89 at 25°Cd

5.00b

1, 4-

0.6 at 20°ca
1 .0 at 25°cf
1 .8 at 30°ca

5.07c
5.00b

0.07 at 25°cd
1 at 40°cb

6.26b

1,2,4-

0.29 at 25°cd
1 at 38.4°cb

6.26b

1,3,5-

0.15 at 25°cd
10 nvn at 78°cb

6.26b

1 at 68.5°C9
0.04 at 2s 0 ch

NA

1,2,3,5-

1 at 58.2°C9
0.07 at 25°ch

NA

1,2,4,5-

0.05 at 25°c1
0.05 at 25°ch

7.4b

Monochlorobenzene

01chlorobenzene
1, 2-

Tr1chlorobenzene
1,2,3-

Tetrachlorobenzene
1,2,3,4-
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TABLE 3-3 (cont.)

Chemical

Vapor Pressure
(mm Hg)

Specific Vapor Density
(air= 1)

Pentachlorobenzene

1 at 98.6°Cg

NA

Hexachlorobenzene

l at l14°C9

9.84a

l.68xlo-s at 2s 0 cj
l.089xlo-s at 20°ck

averschueren, 1977
bsax, 1979
clowenheim and Moran, 1975
dNLM, l 982a
eRichardson, 1968
fMartin and Worthing, 1977
9Weast, 1980
hMacKay et al., 1982
iware and West, 1977
jleoni and Darca, 1976
kFarmer et al., 1980
NA

=

Not available
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very alkaline conditions.

A description of each of the chlorinated benzenes

fol lows.
Honochlorobenzene. which is the most polar of the chlorinated benzenes.
is a colorless. volatile liquid with a pleasant almond-like odor that is
classified as a flammable liquid by the U.S. Department of TransportaUon
(NLM, 1982a).

Monochlorobenzene is soluble in water to the extent of

mg/1

20

between

and

30°C

(Verschueren.

1977).

It

is

miscible

499~8

in all

proportions in ethyl alcohol and diethyl ether. and is very soluble in carbon disulfide and benzene (NLM. 1982a).
exist

for

monochlorobenzene.

Kao

No established trade specifications

and

Pottenberger

impurities for a typical analysis of monochlorobenzene:
<0.1 wt percent and benzene at <0.05 wt percent.
99.8% or higher for the sample.
1977)

(1979)

reported

two

dichlorobenzenes at

This implied a purity of

A product data sheet (Dow Chemical Company.

listed a 99.9% purity for monochlorobenzene. while Allied Chemical

Corporation (1973) stated a purity of 99.0% for its product (U.S. EPA. 1980a)
1,2-0ichlorobenzene is a clear.
(NLM, 1980) and is combustible.
at 25°C (Verschueren. 1977).

volatile 11quid with a pleasant odor

It has a solubility of 145 mg/!1. in water

1,2-Dichlorobenzene is miscible with alcohol,

ether, benzene. carbon tetrachloride, and acetone (NLM, 1980).
industry-wide standards of purity for
trated

by

The lack of

this chlorinated benzene is illus-

the compositions reported for

1,2-dichlorobenzene by different

sources shown in Table 3-4.
1,3-Dichlorobenzene is a colorless liquid that is combustible.
react violently with aluminum (NLM.

19Bla).

mg/!!. in water at 25°C (Verschueren. 1977).

It can

It has a solubility of

123

1,3-0ichlorobenzene is soluble

in alcohol, ether and benzene, and is miscible with acetone. carbon tetrachloride and petroleum ether (NLH, 198la).
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TABLE 3-4
Reported Composition of Commercial 1,2-Dichlorobenzene

Composition
Constituent

Standard
Gradea

Standard
Gradeb
0.07

Mechanical
Gradec

(%)

Technical
Graded

Purified
Graded

NA

<0.05

<0.05
98.0

High Purity
Gradec

C6H5Cl

NA

l,2-C5H4Cl2

80

82.7

75-85

99.0

80.0

l,3-C6H4Cl2

2

0.5

0.5

"balance"

<19.0

NA

l,4-C6H4Cl2

17

15.4

15-25

NA

NA

NA

C5H3Cl3 (all isomers)

NA

1. 6

NA

NA

<1.0

NA

l,2,4-C6H3Cl3

NA

NA

NA

NA

<0.2

NA

(,o,)

I
_,
_,

aoow Chemical Company, 1977
bAllied Chemical Company, 1973
CMCA, 1974
dKao and Poffenberger, 1979
NA

=

Not available

NA

1,4-D1chlorobenzene

is

a combustible crystalline solid

sublime at ordinary temperatures.

that

tends

to

It possesses a dist1nctive odor that is

noticeable at concentrat1ons between 30 and 60 ppm (NLH, 198la).
solubility of 79 mg/9. in water at 25°C (Verschueren, 1977).

It has a

It is soluble

at 25°C in ether, chloroform, carbon disulfide and benzene, and is miscible
with alcohol and acetone (NLM, 198lb).

The commercially available technical

grade

<0.5 wt

1,4-dichlorobenzene may contain

isomers

and

also

may

contain

<0.1

wt

percent

trichlorobenzene (Kao and Poffenberger,

1979).

percent
of

of

the other

two

monochlorobenzene and

A product data sheet (Dow

Chemical Company, 1977) stated a purity of 99.953 for that company's 1,4dichlorobenzene.

Product

information

from

Montrose

Chemical

(1972)

described a mixture of 35% l ,2-d1chlorobenzene and 65% 1,4-dichlorobenzene

(U.S. EPA,

1980a).

1,2,3-Trichlorobenzene

is

a

white

crystalline

alcohol) that is volatile with steam.

solid

(platelets

from

It is slightly soluble (31.5 mg/9.)

at 25°C in water, slightly soluble in alcohol, soluble in benzene and carbon
disulfide, and very soluble in ether

(NLH,

198le; Yalkowsky and Valvani,

1980).
1,2,4-Trichlorobenzene is a colorless liquid at 25°C but may also take
the form of rhombic crystals because of its low melting point of 16.95°C.
It possesses a distinctive odor, similar to that of 1,4-dichlorobenzene, and
is considered volatile with steam (NLM, 198lf).
water,

34.6

mg/l

at

25°C

(Yalkowsky

and

It is slightly soluble in

Valvani,

1980);

miscible

with

benzene, petroleum ether and carbon disulfide; slightly soluble in ethanol;
and very soluble in diethyl ether (NLM, 198lf).

An information sheet (Dow

Chemi ca 1 Company, 1977) listed a purity of 100% for its product.
Poffenberger

(1979)

reported

that

commercial
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Kao and

1,2,4-trichlorobenzene

may

contain monochlorobenzene (<0.1 wt percent) and di- and tetrachlorobenzenes
(<0.5 wt

percent

and

<0.5 wt

percent)

with

the

1,2,4-trichlorobenzene

content being around 97%.
1,3,5-Trichlorobenzene takes
needles.

the physical

form of white crystals or

It is very slightly soluble (6.6 mg/!l. at 25°C)

in water; spar-

ingly soluble in alcohol; and soluble in ether, benzene, petroleum ether,
carbon disulfide and glacial acetic acid (NLM, 1982c; Yalkowsky and Valvani,
1980).
1,2,3,4-Tetrachlorobenzene is a white crystalline solid that appears as
needles from alcohol

(NLM, 198lc).

It is very slightly soluble in water

(4.3 mg/!l. at 25°C:); slightly soluble in alcohol; soluble in hot alcohol;
and very soluble in ether, carbon disulfide, acetic acid and petroleum ether

(NLM, 198lc; Yalkowsky and Valvani, 1980).
1,2,3,5-Tetrachlorobenzene
needles or white flakes.

is

a

solid

that

appears

in

the

form of

It is very slightly soluble in water (3.5 mg/l

at 25°C), slightly soluble in alcohol, and very soluble in carbon disulfide
and petroleum ether (NLH, 198ld; Yalkowsky and Valvani, 1980).
1,2,4,5-Tetrachlorobenzene appears as white flakes or needles.
the

form of monoclinic

prisms from ether,

alcohol

or

benzene.

It takes
It is

practically insoluble in water (0.6 mg/l at 25°C), slightly soluble in hot
alcohol, and soluble in ether, chloroform and carbon disulfide (NLM, 1982b;
Yalkowsky and Valvani, 1980).

A commercial 1,2,4,5-tetrachlorobenzene was

analyzed as 97 .0% pure; impurities were not identified (Kao and Pottenberger, 1979; Dow Chemical Company, 1977).
Pentachlorobenzene 1s a needle-like solid (NLM, 1979b).

It is slightly

soluble in water (0.56 mg/l at 25°C); slightly soluble in ether, benzene
and chloroform; and soluble in hot alcohol and carbon disulfide (NLM, 1979b;
Yalkowsky and Valvani, 1980).
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Hexachlorobenzene is a colorless crystalline (monoclinic prisms) solid.
Its

water

solubility was

Valvani, 1980).

reported as

0.005 mg/g, at

(Yalkowsky and

Hexachlorobenzene is sparingly soluble in cold alcohol and

soluble in benzene,

chloroform and ether

(NLM, 1979a).

preparations may contain pentachlorobenzene
benzo-p-dioxin

25°C

(0.05-212

ppm)

and

Impure commercial

(10-81,000 ppm),

octachlorodibenzofuran

octachlorodi-

(0.35-58.3

ppm)

(Villeneuve et al., 1974).
According to the CRC Atlas of Spectral Data and Physical Constants for
Organic Compounds

(Grasselli, 1973) the following group trends in spectro-

scopic properties can be seen:
There is a red shift in ultraviolet Amax for the aromatic
to '11'* transition with increasing chlorination (245 to 272 nm
for monochlorobenzene; 291 to 301 nm for hexachlorobenzene). This
implies that the more chlorinated the chlorinated benzene, the more
likely is photodegradation at sea level by sunlight.
Diagnostic
infrared absorptions for all the chlorinated benzenes occur around
3.2-3.3 and 6.2-6.4 µm.
All the proton NMR aromatic signals for
chlorinated benzenes in carbon tetrachloride or deuterated chloroform solvents occur between 6.9 to 7.5 ppm with respect to tetramethylsilane. The mass spectra for all compounds are characterized
by very intense molecular ions (M) (100% for all compounds except
for pentachlorobenzene), and intense M-35 peaks.
Thus, specific
ion monitoring using the molecular ions and M-35 peaks is possible,
increasing the sensitivity of analysis.

'11'

The

atmospheric

laboratory

chemistry

conditfons.

of

chlorobenzenes

Dilling et al.

(1976)

has

studied

been

studied

the

under

photocatalzyed

degradation of monochlorobenzene in an atmosphere containing 5 ppm nitric
oxide and reported its half-life to be 8.7 hours under strong light at room
temperature.

Kanno

and

Nojima

(1979)

irradiated

monochlorobenzene

with

light from a xenon lamp in the presence of nitric oxide and air and found
the products to be chlorinated nitrobenzenes and nitrophenols.
(1976)

found

Uyeta et al.

that irradiation of several chlorobenzenes with natural

light for periods up to 56 days yielded polychlorinated biphenyls.
PCBs

are

formed

under

atmospheric

conditions
3-14

is

unknown,

sun-

Whether

but it is con-

sidered unlikely because of the low concentration.

Yanagihari et al. (1977)

studied the degradation of monochlorobenzene in a smog chamber (2 ppm chlorobenzene, 1 ppm NO) and found 7.5% degradation in 5 hours. Using higher
x
concentrations (5000 ppm chlorobenzene and 1000 ppm NO), Kanno and Nojima
(1979) found similar rates of degradation and identified one chloronitrobenzene

and three chloronitrophenols as products.

Rates of reaction of chlo-

robenzene with hydroxyl radical (Anbar and Neta, 1967) and singlet oxygen
(Graedel, 1978) are also available which allows half-life estimations of 0.5
and 2.6 years, respectively.

Yanohihara et al.

(1977) also studied the

atmospheric photochemistry of o-dichlorobenzene and found 21.5% degradation
in 5 hours and Nojima and Kanno (1980) found 7.6% of

~-dichlorobenzene

(high

concentrations of test chemical and NO) in 5 hours of irradiation.
One study has examined the possibility of photocatalyzed degradation of
the chlorinated benzenes.

Oliver et al. (1979) exposed 1.4 dichlorobenzene

in saturated aqueous so 1ut ions with various suspended sediments (titanium
oxide, clays and samples of river sediments) to ultraviolet light.

Degrada-

tion of the dichlorobenzene occurred only in the titanium oxide solution,
possibly because of a shielding of the chemical from the light by the other
sediments or as a consequence of a catalytic effect of titanium oxide, and
did not occur in natural sediment systems.
et

al.

stable.

(1981)

demonstrated

that

Korte et al. (1978) and Hustert

hexachlorobenzene

was

photochemically

The Hustert et al. (1981) study consisted of sunl1ght irradiation

of an aqueous solution.

3.3.

ANALYTICAL METHODOLOGY
The usual sampling and analytical methods for airborne chlorobenzenes

involve the adsorption and concentration of airborne vapors on sorbentpacked
cartridges followed by thermal desorption and gas chromatographic (GC) analysis using either flame ionization detection, electron capture detection, or
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photoionization detection.

The purge and trap method is the most common

method used for the sampling of volatile chlorobenzenes in water.

Headspace

analysis using GC with flame ionization detection or electrolytic conductivHy detection are also used for analysis of aqueous samples.

Methods that

are slightly modified from the analytical procedures for aquatic samples are
used for the analysis of chlorobenzenes in soil, food and human tissues.
The following sections provide examples of these analytical methods.
3.3.1.

Chemical Analysis in Air.

Krost et al. (1982) described a method

whereby ambient air was drawn through a cartridge containing a l.5x6.0 cm
bed of Tenax-GC (35/60 mesh) so that vapors were collected completely on the
resin.

The sample was then thermally desorbed and the vapors passed through

a cryogenically cooled trap and subsequently introduced into a gas chromatograph-mass

spectrometer
as

(GC-MS).

Estimated

follows:

monochlorobenzene,

chlorobenzenes

were

chlorobenzene,

1.0 ng/m 3 ;

and

detection

limits
2.1

for

ng/m 3 ;

1,3-dichlorobenzene, 0.7 ng/m 3 •

three
1,2-di-

However,

the precision of this method for field sampling and analysis has been determined to range from +10 to .:t.40% relative standard deviation.

A similar

method has been used for the monHoring of mono- and dichlorobenzenes by
Barkley et al. (1980), Pellizzari (1982) and Bozzelli (1981).
Lewis and Macleod (1982) have developed and evaluated a portable lowvolume air sampling system for indoor air monitoring of semivolatile organic
chemicals.

Two types of sampling cartridges were used to sample for chloro-

benzenes.

Using polyurethane foam (PUF), a mean collection efficiency of

94.0% with a relative standard deviation of 12% was determined for five
1 µg samples of pentachlorobenzene.

For five 0.5 and 1.0 µg samples of

hexachlorobenzene, the reported mean collection efficiency was 94.5% with a
relative standard deviation of 8%.

The tri- and tetrachlorobenzenes were
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poorly trapped using this PUF plug, with collection efficiencies of 6.6 and
62.3%, respect1vely.

However, using a dual-sorbent trap cons1st1ng of a

0.6 g layer of Tenax-GC (35-60 mesh) sandw1ched between two 3.8 cm PUF
plugs, a collection effic1ency of 98% was obtained for both compounds.
Theoretical

detection

limits,

using

GC-electron

capture

detection,

are

expected to be at least one order of magnitude lower (in the range of
0.06-0.l

µg/m 3

).

Storage

stability

under adverse storage conditions.

of

the

PUF

cartridges

was

tested

The amount of ch lorobenzenes recovered

from the cartridges after 15 days of storage at 32°C ranged from 57% for the
trichlorobenzenes

to

98% for

hexachlorobenzene.

Billings

and

Bidleman

(1980) reported that hexachlorobenzene was very poorly retained by porous
PUF, but efficiently collected by Tenax-GC.

Oehme and Stray (1982), how-

ever, reported high recovery (76-115%) of tri-, tetra-, penta- and hexachlorobenzene with PUF plugs.
Langhorst and Nestrick (1979) used an air sampling tube packed with two
sections of Amberlite XAD-2 resin separated by a silanized glass wool plug
to collect

the chlorobenzenes.

The adsorbent was desorbed with carbon

tetrachloride and analyzed by GC using a photoionization detector.

Using

the method described, the minimum detection limits for mono-, di-, tri-,
tetra-, penta- and hexachlorobenzene were 15, 20, 30, 35, 45 and 70' ppb
(v/v), respectively.

Collection and desorption efficiencies for all chloro-

benzenes (air concentrations between 5 ppb and 15 ppm) were -95% with a
precision of

~12%.

Thompson et al. (1980) described a sampling technique using the Trace
Atmospheric Gas Analyzer coupled with negative atmospheric pressure chemical
ionization for analysis of .hexachlorobenzene after gas chromatography.

This

system is portable with close to real-time capability and a detection limit
of -30 ppt (v/v) in air.
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Van Tassel et al.
us1ng

some

(1980)

po1nted out that there are d1sadvantages 1n

sorbent materials

because of

interferences,

humidity and high concentrations of carbon dioxide.

such as

relative

They described a method

for determin1ng microgram-per-cub1c meter levels of monochlorobenzene in air
using sampling cartridges conta1ning Porapak N, followed by elution with
methanol and analysis by GC.

Both electron capture detection and photo-

1on1zat1on detect1on can be used with detect1on limits of 1 µg/m 3 and 5
µg/m 3

,

respectively.

flex1b1lity.
and

vary1ng

desorpt1on

Th1s

techn1que

reportedly

allows

for

greater

Results are reproducible at various relative humidity levels
concentrat1ons
techniques

of

carbon

dioxide.

include ease of

Advantages

operation and

over

thermal

the ability

to

use

various columns to achieve analytical precision.
NIOSH (1977) has developed sampling and analytical methods for occupa-

t1onal a1r monitoring for
dichlorobenzene.

monochlorobenzene,

1 ,2-dichlorobenzene and 1 ,4-

All three methods involve trapping the compound in a char-

coal tube, desorbing the analyte with carbon disulfide, and analyz1ng the
sample in a gas chromatograph using flame ion1zat1on detection.

3.3.2.

Chemical

Analysis

in Water.

The purge-trap method

1s

cofllllonly used method for analyz1ng volatile organics in water.

the most
Otson and

W1111ams (1982) evaluated the use of the dynamic headspace or the purge-trap
method 1n comb1nat1on with GC technique for a number of organics including
monochlorobenzene and dichlorobenzene.

For monochlorobenzene,

a recovery

rate of 91% was measured using flame ionizat1on detection and 96" was measured us1ng electrolyt1c conduct1vity detect1on.
rates for 1,4-dichlorobenzene were 65 and 58%.
<0.1

µg/t

for

monochlorobenzene

to

0.2
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The correspond1ng recovery
Detect1on lim1ts ranged from

µg/l

for

1,2-dichlorobenzene.

The relative standard deviation ranged from 6.3-9.6% using flame ionization
detect1on.
more than

Storage of samples for several weeks did not affect results by
.:~J

5%.

The dynamic heads pace or the purge-trap method has been

used by other researchers to determine the levels of mono- and dichlorobenzenes in water samples (Pere1ra and Hughes, 1980; Jungclaus et al., 1978).
The purge-trap technique is also reco11111ended by U.S. EPA Method 602 (1982)
for

the determinat1on of mono- and dichlorobenzenes in wastewater.

and

Baynes

(1980)

concluded

that

headspace

analysis

was

Cowen

applicable for

monochlorobenzene and dichlorobenzenes, using flame ionization detect1on at
the

5 µg/t

concentrat1on

in water.

Minimum detectable quantities using

electrolytic conductivity detection were 0.15 and 0.20 ng for monochlorobenzene and d1chlorobenzenes, respect1vely.
was employed by Olson et al.

(1982) for

The static headspace technique
the quantification of mono- and

dichlorobenzene in Canadian potable waters.
The purge-trap technique does not provide quantitative recoveries for

compounds

w1th

low

chlorinated benzenes.

volat111t1es.

such

as

trichlorobenzenes

and

higher

Therefore, a solvent extraction and cleanup method is

normally used to produce organic extracts suitable for GC/MS analysis.
U.S.

EPA

(1982)

(Method 612)

The

has reco11111ended the use of Floris11 column

chromatography as a cleanup step before the quantification of the samples by
GC with electron capture detector.

Th1s reco111T1ended method is applicable

for the determination of di-, tri-, tetra-, penta- and hexa-chlorobenzene in
drinking water and wastewater.

The recovery of dichlorobenzenes and hexa-

chlorobenzene by this method was found to be 82-89" and 95"· respectively.
The

percent

standard

deviation

of

the

method

for

hexachlorobenzene ranged from 10-20% (U.S. EPA, 1982).
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dichlorobenzenes

and

3.3.3.

Chemical Analys1s in So11, Sediment and Chem1cal Waste 01sposal

SHe Samples.

A method for the determ1nat1on of hexachlorobenzene 1n so11

and chemical waste d1sposal s1te samples has been developed by Deleon et al.
(1980).

The procedure 1nvolves methane extract1on followed by temperature-

prograrrrned GC analys1s using electron capture detection.

Recoveries of

samples spiked at the 10, 100 and 300 µg levels were 96.5% (±.3.6), 93.1%
(±.8. l) and 78.0% (±_2.6). respectively.

method 1s around 10 µg/g.

The lower detect1on 11m1t for th1s

The solvent extract1on method was used by

Lopez-Avila (1983) to determine chlorobenzenes 1n sed1ment samples.

In th1s

method, the solvent extract was subjected to ac1d-base fract1onation.
base/neutral
silica gel

fract1on

containing

chromatography.

accomplished by

GC-HS.

The

the chlorobenzenes was fractionated by

The f1nal

separat1on and quantification was

The recovery of 1 ,3-d1chlorobenzene, 1 ,2-d1chloro-

benzene, 1,2,4-trichlorobenzene and hexachlorobenzene by this method was 63.
66, 67 and 46%, respectively, at a sp1ke level of 400 ng/g of dry sediment.
3.3.4.

Chem1cal Analys1s 1n f1sh and Other Foods.

3.3.4.1.

FISH -- The levels of pentachlorobenzene and hexachloroben-

zene have been determ1ned in fish samples us1ng solvent extraction, solvent
and sulfuric acid part1tioning and GC with electron capture detection (Lunde
and Ofstad, 1976).
Hiatt (1981) compared three analytical methods used to quantify monochlorobenzene levels in f1sh tissue.

His data ind1cate that recoveries of

64±_15%, 32±.8%, and 68% were reported for

the vacuum extraction· method,

direct purge and trap method, and a modified purge and trap method, respect1vely.

In the modif1ed purge and trap procedure, the homogenized fish

tissue was purged, with the concentration trap inrnersed in an ice water bath
for 5 minutes, followed by inrners1on 1n a 55°C water bath for an addit1onal
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7 minutes.

This modification provided reproducible purging efficiencies.

A

similar modified purge-trap method has been used by Easley et al. (1981) for
the determination of monochlorobenzene in fish samples.
The determination of trichlorobenzenes and other higher chlorinated benzenes in fish samples can also be accomplished by a solvent extraction
method.

In one method, Kuehl et al. (1980) subjected the solvent extract to

Florisil and gel permeation on chromatographic separation, followed by GC-MS
identification

and

quantification

of

chlorinated benzenes in fish samples.

trichlorobenzene

and

other

higher

Murray et al. (1980), however, used

solvent partitioning, silica gel chromatography, followed by GC-electron
capture

detection

for

the

quantification

of

hexachlorobenzene

in

fish

samples.

3.3.4.2.

HUMAN MILK -- A method to detect ppb concentrations of hexa-

chlorobenzene in human milk has been used by Brevick (1978).

This method

involves solvent extraction and GC analysis using electron capture detection.

A mean recovery of

5 ppb hexachlorobenzene.

98.6~10.8%

The solvent extraction method was also used by

Tessari and Savage (1980) for
human milk.

was reported for 10 samples containing

In this method,

the determination of hexachlorobenzene in
the extract was subjected to Florisil and

silica gel column chromatographic cleanup, followed by GC-electron capture
detection.

The method

gave 68% recovery at a fortification

level

of

5.7 ng/g.
The quantification of more volatile halogenated benzenes, such as mono
and dichlorobenzenes in mill< samples, was performed by a purge and trap
technique at an elevated temperature of 50°C.

The trapped gas was thermally

desorbed and quantified by the GC-MS method (Michael et al., 1980).

The

average recovery of monochlorobenzene by this method was determined to be
88%.
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3.3.4.3.

OTHER FOODS -- Rice, vegetables, meat, m1lk, eggs and fish

have been analyzed for hexachlorobenzene residues using GC with electron
capture detection (Sekita et al., 1980); GC-HS was used to confirm the analysis.

A similar solvent extraction method, followed by solvent partitioning

and Florisil column cleanup, and GC-electron capture detection was used for
the quant1fication of hexachlorobenzene in d1fferent crops from 37 states
(Carey et al., 1979).
3.3.4.4.

OTHER BIOLOGICAL MATRICES -- Gas chromatography using elec-

tron capture detection has been employed to determine levels of pentachlorobenzene and hexachlorobenzene in blood samples (Lunde and Bjorseth, 1977)
and to determine levels of 1,4-dichlorobenzene and its major metabolites in
ur1ne and serum samples (McKinney et al., 1970).

Blood and urine samples

have also been analyzed for the chlorobenzenes by GC using photoion·lzaUon
detection
extraction,

(Langhorst

and

silica gel

Nestrick,

column

1979).

Using

chromatography and

carbon

tetrachloride

concentration with a

Kuderna-Danish concentrator. chlorobenzene recoveries from blood and urine
samples averaged

83~12%

for concentrations between 1 and 500 ppb.

A method of hexachlorobenzene determination and confirmation in adipose
tissue has been described by Watts et al.

(1980).

In this method, the

solvent extract is subjected to a Florisil cleanup and one-fraction elution.
Hexachlorobenzene is determined by direct GC with electron capture detection.

Confirmation is made by analysis of the bis-isopropoxytetrachloroben-

zene derivative, which is formed by reaction with isopropanol.
recoveries ranged between

87.4~6.8%

and

92.6~10.0%.

Average

This method is particu-

larly useful for the determination of hexachlorobenzene in the presence of
Hirex.
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The determination of the less volatlle chlorinated benzenes,

such

as

tri-, tetra-. penta- and hexachlorobenzene in biological tissue samples, has
been done by solvent extraction of the tissue, followed by column chromatographic cleanup of the sample and final separation and quantification by GC
with electron capture detection (Lamparski et al., 1980; Mes et al., 1982).
For more volatile chlorinated benzenes, such as mono- and dichlorobenzenes,
the modified purge-trap method in combination with capillary GC and flame
ionization detection or preferably more specific detection method can be
used (Michael et al., 1980).
3.4.

SUMMARY
The chlorinated benzenes are a group of compounds in which 1-6 chlorine

substituents have been added to a benzene ring yielding a total of 12 isomeric forms.

In general, these compounds have low water solubility (solu-

bility decreasing with increasing chlorination), low flanmability, moderate
to high octanol/water partition coefficients (coefficients increasing with
increasing chlorination) and low to moderate vapor pressures (vapor pressures decreasing with increasing chlorination).

They are chemically unreac-

Uve and exist as liquids or solids at environmental conditions.
of

airborne

chlorobenzenes

is

usually

accomplished

by

Analysis

adsorption

onto

sorbent cartridges, followed by thermal desorption and analysts by GC.

For

water samples. the purge-trap method is used to concentrate the volatile
halogenated benzenes before analysis by GC.

For less volatile chlorinated

benzenes, solvent extraction followed by column chromatographic cleanup of
the extract and GC with electron capture detection, is the most conmonly
used

method

for

the

isolation,

detection

and

quantification.

Methods

similar to those used for wastewater samples are conmonly used for the
analysis of chlorinated benzenes in biological matrices.
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4.
4.1.

PRODUCTION, USE AND ENVIRONMENTAL LEVELS

PRODUCTION
Industrial

synthesis

of chlorinated benzenes

is achieved

through

the

controlled catalytic chlorination of benzene and is described in the KirkOthmer

Encyclopedia

of

Chemical

Technology

(Hardie,

1964).

In

general,

monochlorobenzene and the dichlorobenzenes are synthesized at 30-50°C in the
presence of a ferric chloride catalyst.

The output product is then purified

by distillation, and the isomers are isolated by fractional distillation or
crystallization.
dichlorobenzene

Trichlorobenzene
using

ferric

is

chloride

produced
and

by

the

temperatures

chlorination

of

of

An

25-30°C.

aluminum catalyst, trichlorobenzene and chlorine are used to produce tetrachlorobenzene, which in turn can serve as a precursor for pentachlorobenzene.

Hexachlorobenzene can be obtained by the chlorination of benzene at

150-200°C using a ferric chloride catalyst or from the distillation of residues

from the production of tetrach l oroethylene.

Because these reactions

are not completely controlled and purification processes are not 1003 effective, it is likely that any commercially ava1lable chlorinated benzene will
also contain

unwanted

isomeric chlorobenzenes as

impurities, and this

is

production data on

the

particularly true for 1,2-dichlorobenzene.
The TSCA

Inventory

chlorinated benzenes for
producers

(>lxl0 6

(U.S.

EPA,

1981)

individual

provides

facilities.

The data for

the largest

pounds/year)

are expressed as ranges of estimated pro-

duct1on for 1977 in Table 4-1.

Total yearly production data are published

for high-volume, synthet1c chemical intermediates by the U.S. International
Trade Commission (USITC); data for 1980 are available only for monochlorobenzene, l, 2-dichlorobenzene and 1,4-dichlorobenzene (USITC, 1981). and are
incorporated into Table 4-1.

A 1983 list of producers and the estimates of

4-1

TABLE 4-1
United States Production of Chlorinated Benzenes for Selected Years

Chemical/
Manufacturers

Location

Product1on
Estimates
for 1977a
(lb x l 06 )

Monochlorobenzene:
Dow Chemical Co.

Midland, HI

50-100

PPG Industries, Inc.

New Martinsville, WV

10-50

Montrose Chemical
Corp. of CA

Henderson, NV

10-50

A111 ed Chemic a 1 Corp.

Solvay, NY

1-10

Monsanto Co.

Sauget, IL

50- lOOc

NAd

NAd

10-50

NAd

NAd

1-10

Total:

132-370

1 1 2-Dichlorobenzene:
Dow Chemical Co.

Midland, HI

PPG Industries, Inc.

New Martinsville, WV

Monsanto Co.

Sauget, IL

1-10

Montrose Chemical
Corp. of CA

Henderson, NV

1-10

Allied Chemical Corp.

Solvay, NY

1-10

Tota 1:
1 1 3-Dichlorobenzene:
PPG Industries, Inc.
NAd

10-50

49

0. 1-1

NAd

0. 1-1

Total:

0.2-2

4-2

284

1-10

14-90

New Martinsville, WV

Production
for 1980b
( 1b x l 06 )

NA

TABLE 4-1 (cont.)

Chemical/
Manufacturers

Location

Production
Estimates
for 1977a
(1 b x 10 6 )

1 1 4-Dichlorobenzene:
Dow Chemical Co.

Midland, HI

PPG Industries, Inc.

New Martinsville, WV

Monsanto Co.

Sauget, IL

1-10

Montrose Chemical
Corp. of CA

Henderson, NW

1-10

Allied Chemical Corp.

Solvay, NY

1-10

Dover Chemical Corp.

Dover, OH

1-10

NAd

1 1 2 1 3-Tr,chlorobenzene:

1-10
10-50

NAd

1-10

Total:

16-110

Midland, HI

1-10

Total:

1-10

1 1 21 4-Trichlorobenzene:
Dow Chemical Co.

Midland, HI

1-10

NAd

NAd

10-50

Total:

11-60

Dow Chemical Co.

1 1 3 1 5-Trichlorobenzene:
Chemical Systems Division

San Jose, CA

0.01-0. 1

Total:

0.01-0.1

1 1 2 1 3 1 4-Tetrachlorobenzene:
Dow Chemical Co.

Midland, MI

1-10

NAd

NAd

0.1-10

Total:

1.1-20

4-3

Production
for 19aob
(lb x 10 6 )

75

NA

NA

NA

NA

TABLE 4-1 {cont.)

Chemical/
Manufacturers

Location

Product1on
EsUmates
for 1977a
{lb x 10 6 )

Production
for 1980b
{lb x l 06 )

1 1 2 1 3 1 5-Tetrachlorobenzene:
{No manufacturers listed)
1 1 2 1 4 1 5-Tetrachlorobenzene:
Dow Chemical Co.

M1dland, MI

10-50

Chem South Corp.

Ch11 der sburg. AL

o.1-1c

NAd

NAd

1-lOC

Total:

11. 1-61

Mcintosh, AL

1-10

Total:

1-10

Pentachlorobenzene:
Olin Corp.

Hexachlorobenzene:
{No manufacturers listed)

asource:

U.S. EPA, 1981

bsource:

U.S. ITC, 1981

NA

NA
NA

CAll production at this site was processed within the facility and was not
distributed outside the facility as a chemical or in a mixture.
dproducer and location not listed in the TSCA inventory.
NA= Not available
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their

production

capacities

for

chlorobenzenes

are

available

from

SRI

(1983), who list -the producers of chlorobenzenes and their estimated production capacities as of January 1983 (Table 4-2).

The names of the chloroben-

zene manufacturers given in Table 4-2 are slightly different from those
given in Table 4-1, because Table 4-2 list only the manufacturers as of
January,

1983.

Corporation

no

More recent information indicates that the Dow Chemical
longer

produces

any

chlorinated

benzenes,

that Standard

Chlorine Chemical now produces trichlorobenzenes (m1xed isomers), and that
pentachlorobenzene is no longer produced in the U.S. by any manufactures
(Chlorobenzenes Producers Association, 1984).
As mentioned already, hexachlorobenzene is not manufactured commercially
in the United States but does occur in waste streams during the production
of

some

organic

chemicals

(e.g.,

perchloroethylene,

trichloroethylene,

carbon tetrachloride and chlorine) and pesticides.
USE

4.2.

Chlorinated benzenes are used in the manufacture of intermediates in the
production
herbicides,

of

organic

pesticides,

chemicals,

including

dyes and rubber

other

chlorinated

benzenes,

chemicals and as dye carriers,

process solvents, pesticides, fungicides and deodorizing agents (U.S. EPA,
1980).
4.3.

A summary of these uses is presented in Table 4-3.
SOURCE ANO ENVIRONMENTAL LEVELS

No comprehensive studies have been conducted on the sources of chlorobenzenes released into the environment.

In general, these releases would

occur during the manufacture and transport of chlorobenzenes, through their
use as pesticides, solvents and other industrial and comsumer products, and
through the disposal of wastes from the manufacturing process.

Estimates of

releases (Table 4-4) have been made for monochlorobenzene, dichlorobenzenes
and trichlorobenzenes.

Dow (1978) estimated that 30-50% of the monochloro4-5

TABLE 4-2
U.S. Producers and Est1mated Annual Product1on
Capac1t1es {1983) of Chlorobenzenes*

Chemical/
Manufacturer

Locat1on

Annual Capac1ty
{1b. x 10 6 )

Monochlorobenzene:
Dow Chem1cal Co.

M1dland, MI

170

Monsanto Co.

Sauget, IL

150

PPG Industr1es, Inc.

Natr1um, WV

45

Standard Chlorine Chem.

Delaware CHy, DE

150

Total:

515

l 1 2-D1chlorobenzene:
Dow Chem1cal Co.

M1dland, MI

Monsanto Co.

Sauget, IL

PPG Industrles, Inc.

Natr1um, WV

20

Standard Chlorine Chem.

Delaware CHy, DE

50

Total:
1 1 3-D1chlorobenzene:
NA

30
6

106

NA

NA

Dow Chem1cal Co.

M1dland, MI

30

Monsanto Co.

Sauget, IL

12

PPG Industr1es, Inc.

Natrlum, WV

30

Standard Chlor1ne Chem.

Delaware C1ty, DE

75

1 1 4-D1chlorobenzene:

Total:
1 1 2 1 3-Tr1chlorobenzene:

Delaware CHy, DE

Standard Chlorine Chem.
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147

NA

TABLE 4-2 (cont.)

Chemical/
Manufacturer

Location

Annual CapacHy
( 1b. x 10 6 )

1,2,4-Trichlorobenzene:
Dow Chemical Co.

Midland, HI

NA

Standard Chlorine Chem.

Delaware City, OE

NA

1,3,5-Trichlorobenzene:
Southland Corp.

Great Meadows, NJ

NA

Trichlorobenzene, Mixed Isomers:
PPG Industries, Inc.

Natrium, WV

NA

1,2,3,4-Tetrachlorobenzene:
NA

NA

NA

NA

NA

NA

1,2,4,5-Tetrachlorobenzene:
Dow Chemical Co.

Midland, HI

NA

Standard Chlorine Chem.

Delaware City, OE

NA

Pentachlorobenzene:
NA

NA

NA

1,2,3,5-Tetrachlorobenzene:

*Source: SRI, 1983
NA

=

Not available
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TABLE 4-3
A Sumnary of the Uses of the Chlor1nated Benzenes
Major Uses

Chem1cal

I
"""'
CD

Reference

Honochlorobenzene

Intermedtate tn the manufacture of chloron1trobenzenes, d1phenyl oxtde,
DDT and stltcones; as a process solvent for methylene d1tsocyanate,
adhestves, pollshes, waxes, pharmaceut1cals and natural rubber; as
a degradtng solvent.

U.S. EPA, 1980

l,2-D1chlorobenzene

In the manufacture of 3,4-d1chloroan111ne; as a solvent for a wlde range
of organtc mater1als and for oxldes of non-ferrous metals; as a solvent
carrter tn productlon of toluene dtlsocyanate; 1n the manufacture of dyes;
as a fumlgant and 1nsect1c1de; 1n degreas1ng hldes and wool; 1n metal
pollshes; ln tndustrlal odor control; 1n cleaners for dratns.

Hawley, 1977

l,3-D1chlorobenzene

As a fumlgant and tnsecttctde

Hawley, 1977

l,4-D1chlorobenzene

As a moth repellent, general tnsecttclde, germ1ctde, space deodorant;
ln the manufacture of 2,5-dtchloroantltne and dyes; as an tntermedtate; tn pharmaceuttcals; tn agrlcultural fum1gants.

Hawley, 1977

l,2,3-Tr1chlorobenzene

Other than chemtcal 1ntermed1ate usage, the uses of th1s compound
are the same as 1,2,4-trlchlorobenzene.

U.S. EPA, 1980

1,2,4-Trtchlorobenzene

As an 1ntermedtate tn the manufacture of herbtctdes; as a dye carrter,
as a dtelectrtc flutd; as a solvent; as a heat-transfer medlum.

U.S. EPA, 1980

1,3,5-Trtchlorobenzene

Solvent for htgh-temperature melttng products; as a coolant tn
electrtcal tnsulators; as a heat-transfer medtum, lubrtcant and
synthettc transformer otl; as a termtte preparatton and tnsecttctde;
1n dyes.

Sltmak et al., 1980

1,2,3,4-Tetrachlorobenzene

As a component 1n dtelectrtc flutds; 1n the synthests of fung1ctde.

Hawley, 1977

1,2,3,5-Tetrachlorobenzene

NA

U.S. EPA, 1980

1,2,4,5-Tetrachlorobenzene

As an tntermed1ate for herbtc1des and defoltants; as an tnsecttctde;
motsture-reststant tmpregnant; tn electrtc tnsulatton; tn packtng protectton.

Hawley, 1977

Pentachlorobenzene

In a pesttc1de used to combat oyster drtlls; as a chemtcal tntermedtate.

Clement Assoctates, 1979
Ware and West, 1977

Hexachlorobenzene

As a fungtctde; tndustrtal waste product tn the manufacture of perchloroethylene, chlortnated solvents, pesttctdes and nttroso rubber.

Courtney, 1979

NA

~

Not avatlable

TABLE 4-4
Estimated Quantities of Chlorobenzenes Lost During Manufacture,
and to the Environment Compared with Total Production in 1983*
(All figures are in megagram)

Chlorobenzene

Quantity Lost During
Manufacture

Quantity Lost to
Environment

Total Industrial
Production

191-303

153-259

88,769-128,755

118-206
0.185-0.608
178-284

29.95
166-269

18,301-21,479
147-460
28,310

0.598-2.111
3.39-10.2

<O. 100
0.364-0.924

23.3-74. 1
1,253-3,668

MonoDi1,21t31t4-

Tri-

1,2,31,2,41 t 3 t 5-

NA

1mpor t

1mport

111-210

Tetra-

NA

NA

NA

Penta-

not manufactured

NA

NA

Hexa-

not manufactured

NA

NA

*Source: 47 FR 26992
NA

=

Not available

Note: The QuantHy Lost During Manufacture includes the estimated Quantity
Lost to Environment.
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benzene produced annually was released into the air.

Virtually all

the

monochlorobenzene used as a sol vent in herbicide formulations is probably
released

into

the

atmosphere.

Approximately

0.1%

of

monochlorobenzene

produced annually was estimated to enter water (Dow, 1978).

The U.S. EPA

(Gruber, 1975) estimated that, assuming all of the monochlorobenzene was
produced using a batch process, <0.1% of its annual production would occur
in wastewater and <1% would be disposed of on land.
zene,

For 1,2-dichloroben-

Dow (1978) estimated that 5-10% of its annual production would be

released into air and <0.1% into water.

Using dHferent data, U.S. EPA

(1980) calculated that 2% of the annual production of the 1,2-isomer would
be released into the environment during its manufacture.

For 1,4-dichloro-

benzene, which is used as a space deodorant, Dow (1978) stated that 70-90%
of the yearly production would be released into air and <5% into water.
U.S. EPA (1980) estimated that 2% of the total amount of 1,4-dichlorobenzene
would be released during its production.

Data were not available on poten-

tial environmental releases for other chlorinated benzenes.
Mumma and Lawless (1975) surveyed industrial processing data and identified nine products whose manufacture resulted in the generation of hexachlorobenzene.

The authors estimated that 2.4-4.9 million pounds were generated

in 1972 and that the manufacture of four products accounted for >95% of this
total.

These four products and the estimated quantities of hexachloroben-

zene produced are listed in Table 4-5.

Hexachlorobenzene is also a consti-

tuent of a seed treatment called Grannox NM that is imported and used in the
United States.

In 1975, -200,000 pounds of Grannox NM, a formulation of

hexachlorobenzene also containing the pesticide Maneb, entered the United
States (IARC, 1979).

Table 4-4 shows the most recent official figures for

quantities lost from industrial sources, and quantities released into the
environment compared with total industrial production (47 FR 26992).
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TABLE 4-5
Estimated Quantities of Hexachlorobenzene {HCB)
in Industrial Wastes and Byproducts in 1972*

Product

Total HCB (10 3 lbs)

HCB {lbs/ton of product)

Perchloroethylene

1750-3500

4.8-9.5

Trichloroethylene

230-450

l . 1-2. l

Carbon tetrachloride

200-400

0.4-0.8

Chlorine

160-390

0.02-0.04

*Source: Mumma and Lawless, 1975
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4.3.1.

Levels 1n A1r.

Invest1gat1ons of the occurrence of chlorobenzenes

ln alr have been conducted in Japan and the Un1ted States ut1lizing both
grab and sorbent cartridge techn1ques.

These studies, which have included

the sampl1ng of polluted air and urban and rural air, have reported the
detection of monochlorobenzene, and various isomers of di-, tri-, tetra- and
hexa-chlorobenzenes.
monochlorobenzene

Analys1s of 1ndoor air has indicated the presence of

and

the

d1chlorobenzenes;

other

studies

have measured

monochloro- and 1,4-dichlorobenzene in occupational settings.
Mor1ta and Ohi

(1975)

sampled ambient air

for

the determination of

1,4-dichlorobenzene levels at six central and suburban Tokyo sites in Japan
and

found

concentrations

were also performed on

11

ranging

from

1.5-4.2

µg/m 3

Determinations

•

indoor 11 samples from a closet, a bedroom and a

wardrobe; these concentrations were -25-400 times greater than the highest
reported ambient levels.
Pellizzari et al. (1979) presented the results of the analysis of air
samples collected from a number of outdoor locations in the United States.
Samples from each location were obtained from several sites at a given location and at numerous times.

The samples were analyzed for monochlorobenzene

and the di- and trichlorobenzenes.
Monochlorobenzene

and

the

Table 4-6 is a compilation of these data.
dichlorobenzenes

were

also

measured

by

Wojinski et al. (1979) in samples from an industrially produced cloud that
periodically appears over Henderson, Nevada, an industrialized town 10 miles
southeast of

Las

Vegas.

Monochlorobenzene

levels were

greater in the Henderson samples (mean: 24325 ng/m 3
Las Vegas samples (mean: 458 ng/m 3

).

)

nearly 50 times

as compared with the

The mean 1,2-dichlorobenzene concen-

trations were -5 times greater over Henderson than over Las Vegas (10291
ng/m3

compared

with

3087

ng/m 3

).

However

since

the

different, the significance of this finding is uncertain.
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methodology

was

TABLE 4-6
Chlorinated Benzene Levels in Ambient Air from Different Locations in the U.s.a

Site

~

Concentration range 2 ng/m 3

Date
Sampled

MCB

1, 2-DCB

l , 3-DCB

1,4-DCB

TCB

Kin-Bue Disposal
Site, Edison, NJ

1976/
1978

ND-12,791

ND-12,433

ND-33,783

ND-7000

ND-1327

NR

NR

Baton Rouge, LA

1977

ND-900

ND-87

ND-102

ND

ND

NR

NR

Houston, TX

1977

ND-132

ND-86

ND-86

ND

ND

NR

NR

Niagara Falls, NY

NR

ND-119

ND-444b

ND-444b

ND-444b

ND-4346

ND-451

ND-17

Different NJ SitesC

1978

ND-6072

ND-5513

ND-3392

ND

ND

NR

NR

Te CB

Pe CB

I
~

w

asource: Taken from Pellizzari et al., 1979
bThese are the values for the unseparated isomers
cThe sites include: Edison, Ground Brook, Paterson, Hoboken, Clifton, Fords, Passaic and Sayreville
ND

=

Not detected; NR

=

not reported

MCB = Monochlorobenzene; DCB
pentachlorobenzene

=

dichlorobenzene; TCB

=

trichlorobenzene; TeCB

=

tetrachlorobenzene; PeCB

=

In a study of contamination from a hazardous waste

site~

Barkley et al.

(1980) provided data on chlorobenzene levels from the homes of nine residents of the "Old Love Canal" area of Niagara Falls. New York.

Monochloro-

benzene was detected inside three of the homes at concentrations ranging
from 60-600 ng/m 3
inside
ng/m 3

•

the

homes

The dichlorobenzenes

•

at

concentrations

(isomers unseparated) were found

ranging

from

trace

levels

to

31.000

Samples taken outside the homes over 6-16 hour periods contained

monochlorobenzene. dichlorobenzenes (isomers unseparated). trichlorobenzenes
(isomers

unseparated}

nondetectable amounts

and
up

tetrachloro-benzenes
to 440 ng/m 3

•

(isomers

unseparated)

the highest level

from

being found at

one location for the dichlorobenzene isomers.
In

1978,

the

Department

of

Environmental

Protection

initiated a study of selected volatile organic chemicals

of

New

Jersey

in ambient air.

Over a 5-month period. a total of 330 samples were obtained at five sites
that included a mixture of industrial. residential and semirural locations.
The results. reported by Bozzelli and Kebbekus (1979). indicated the presence of 1.2- and 1.4-dichlorobenzene at all sites.

The average concentra-

tions (trace amounts were averaged as the lower detection limit of 0.01 ppb)
were 2096 ng/m 3

and 1703 ng/m 3

for

1.2- and 1.4-dichlorobenzene. respec-

tively.

Peak concentrations were 46.780 ng/m 3

and 93,560 ng/m 3

tively.

In a follow-up study. Harkov et al. (1981) sampled air at six sites

in New Jersey over 24-hour periods every 6 days for a year.
benzene was

detected

•

respec-

Monochloro-

in 86% of the samples at an average level of 2.53

µg/ma and a maximum level of 1.36 µg/m 3

•

Field studies were conducted by Singh et al.

(1981) in California and

Arizona to characterize the atmospheric levels and fate of several organic
chemicals.

The samples. collected over 24 hours during a 2-week period at
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each site, were analyzed for four chlorobenzenes: monochlorobenzene, 1,2-dichlorobenzene,

1,3-dichlorobenzene and 1,2,4-trichlorobenzene.

Table 4-7

presents the results of the analysis.
The

atmospheric

concentrations

of

the

chlorinated

benzenes

around

different locations in the United States have been measured by a number of
other investigators.

The monitoring sites can be broadly divided into three

different categories, namely rural/remote sites. urban/suburban sites and
sit es near source areas.

In a recent report. Brodzi nsky and Singh (1982)

integrated most of the available U.S. air monitoring data relating to the
levels of chlorobenzenes along with a number of other organics into a
coherent data base.

The overall and site-specific mean atmospheric levels

of monochlorobenzene, dichlorobenzenes,

trichlorobenzenes and tetrachloro-

benzenes compiled in this report (Brodzinsky and Singh, 1982) are shown 1n
Table 4-8.
The levels of pentachlorobenzene and hexachlorobenzene in ambient air
samples

rarely

have

been

reported.

Cons1dering

their

volatility,

the

abundance of these compounds in the atmosphere can be speculated to be lower
than the other chlorobenzenes.

However. tetrachlorobenzenes. pentachloro-

benzene and hexachlorobenzene have been detected, but not quantified. in fly
ashes from municipal incinerators (Eiceman et al., 1979, 1981).
air

samples collected from Boston, Massachussetts, and

Carolina,

using a glass

fiber

filter

and

polyurethane

High volume

Columbia, South
foam

trap were

subjected to interlaboratory analysis of hexachlorobenzene along with other
parameters (Bidleman, 1981).

The average concentrations of hexachloroben-

zene in Boston (Massachussetts) and Columbia (South Carolina) air were found
to be >0.057 ng/m 3 and 0.012 ng/m 3 ,

respectively.

The percent relative

standard deviations for the two results were determined to be 35 and 43%,
respectively.
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TABLE 4-7
Concentrations of Chlorinated Benzenes at Three Sitesa

Mean Concentration in ng/m 3 ±. l Standard Oeviationb
Chemical

Los Angeles, CA

Monochlorobenzene

~936

Phoenix, AZ
~936

Oakland, CA
-468

1,2-Dichlorobenzene

75. l ±. 59.5

135.8 ±. 209.l

24.0 ±. 30. l

1,3-Dichlorobenzene

46.3 ±. 33.7

52.3 ±. 35.5

39 .1 ±. 17 .4

1,2,4-Trichlorobenzene

52.0 ±. 36.9

23.4 + 15.8

22.6 ±. 18.l

asource: Singh et al., 1981
bThe conversion of ppt unit to ng/m 3 is based on a temperature of 20°C
and a pressure of l atmosphere.
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TABLE 4-8
Overall and Site-Specific Hean Atmospheric Levels
of Chlorobenzenes throughout the United States*

Hean Concentration 1 ng/m 3
Total Number
of
Local Hies

Overall

Rural-Remote
Area

UrbanSuburban
Areas

Areas of
Production

Monochlorobenzene

56

3087

NO

3742

936

1,2-Dichlorobenzene

51

1142

11

1142

1202

1,3-Dichlorobenzene

38

571

40

499

902

1,4-Dichlorobenzene

24

1563

NO

1743

16

Trichlorobenzenes

35

136

NO

128

181

3

3502

198

6196

853

Chemical

Tetrachlorobenzenes

*Source: Brodzinsky and Singh, 1982
NO

=

Not detected
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In a survey of contamination by hexachlorobenzene around eight individual

plants,

(1.9

ppb)

Li et al.

(1976) reported the detectiory.. of up to· 24 µg/m 3

hexachlorobenzene at a distance of

90

feet

Table 4-9 summarizes the data from this investigation.

from one

••

plant .

Concentrations of

hexachlorobenzene at distances 400-3000 feet downwind from the plants ranged
from 0.02-2.7 µg/m 3

•

The authors noted that the highest levels of hexa-

chlorobenzene contamination were associated with the production of lower
chlorinated hydrocarbons as opposed to the production of chlorine and herbicides, and that plants with onsite landfill and open pit waste disposal
sites had the highest levels of airborne concentrations of hexachlorobenzene.
Chlorinated
settings.

benzenes

are

also

present

in

the

air

of

occupational

Ware and West (1977) reported that the air of facilities manufac-

turing l ,4-dichlorobenzene contained an average of 204 mg/m 3 dichlorobenzene

(from 42-288 mg/m 3

mg/m 3

were

detected

)

for

certain processes and

throughout

the

plant.

More

that no

recently,

levels <48

a survey of

monochlorobenzene exposure was conducted at the chemical companies by the
National Institute for Occupational Safety and Health (NIOSH) (Cohen et al.,
1981 ) •

Personal

sampling

data

indicated

that

ranged from below the detection level to 18.7 mg/m 3

4.3.2.

Water.

monochlorobenzene

levels

•

Chlorinated benzenes have been detected in ground, surface

and drinking water and in industrial and municipal wastewater.
prevalent compound is monochlorobenzene.

The most

The dichlorobenzenes, trichloro-

benzenes, tetrach 1orobenzenes, pentach 1orobenzene and hexach l orobenzene are
detected infrequently.
Numerous investigations have ident1fied chlorinated benzenes in samples
of surface water (Table 4-10).

The U.S. EPA STORET system also includes

monitoring data on the chemicals.
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TABLE 4-9
Atmospheric Levels of Hexachlorobenzene Around
Selected Industrial Plants*

Company/Location

Products

Hexachlorobenzene
Concentrations, µg/m 3
High

Low

Vulcan Materials
Wichita, KS

Perchloroethylene, carbon
tetrachloride, chlorine

24

0. 53

Stauffer Chemical
Louisville, KY

Perchloroethylene, carbon
tetrachloride, methylene
chloride, chlorine

1

0. 24

Dow Chemical
Pittsburgh, CA

Carbon tetrachloride, perchloroethylene, chlorine

0.08

Du Pont
Corpus Christi, TX

Carbon tetrachloride

ND

ND

Diamond Shamrock
Deer Park, TX

Trichloroethylene, perchloroethylene, chlorine

ND

ND

Olin

Pentachloronitrobenzene,

Mcintosh, AL

chlorine

Ciba-Geigy
St. Gabri e 1 • LA

Atrazine, propazine,
simazine

0.02

PPG
Lake Charles, LA

Trichloroethylene, perchloroethylene, vinyl chloride, vinylidene chloride, chlorine, etc.

1. 1

*Source: Li et al., 1976
NO = Not detected (<0.02 µg/m 3

)
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2.2

<0.02

0.03

NO
NO

TABLE 4-10
Chlorinated Benzenes in Surface Water
Chemkals

-Po

Levelsa

Trichlorobenzeneb

100-500

Monochlorobenzene
1,4-Dichlorobenzene

30-900

Monochlorobenzene
Dichlorobenzene
Trichlorobenzene
Tetrachlorobenzene
Pentachlorobenzene
Hexachlorobenzene

+

+

Location

Reference

Merrimack River, MA

Hites, 1973

Glatt River, Germany

Giger et al., 1976

River Waters, U.S.

Shackelford and Keith, 1976

I

!'\.)

0

Hexachlorobenzene

ND-17. 4 ( 2. 7)

Tiber River, Italy

Leoni and D'Arca, 1976

Monochlorobenzene
Dichlorobenzeneb
Trichlorobenzeneb

ND-7000
ND-400
ND-1000

Delaware River

Sheldon and Hites, 1978

Monochlorobenzene
1,4-Dichlorobenzene

ND->10,000
ND->10,000

Ohio River

ORVWSC, 1982

Dichlorobenzeneb

+ in 7% of all surface
water and in 3% of all
groundwater samples

600 sites in NJ

Page, 1981

Drainage streams
Niagara Falls, NY

Elder et al., 1981

Monochlorobenzene
Dichlorobenzene
Trichlorobenzene
Tetrachlorobenzeneb
Pentachlorobenzene
Hexachlorobenzene

+
+

100-8000
100-200,000
ND-100,000
8000-30,000

TABLE 4-10 (cont.)

Levelsa

Chemicals

"'I"'

"'
.......

Location

Reference

OichlorobenzeneC
Trichlorobenzenec
Tetrachlorobenzenec
Pentachlorobenzenec
Hexachlorobenzene

3-71 (27)
0.1-1.6 (0.5)
N0-0. 8 (0. 12)
N0-0.6 (0.12)
0.02-0.1 (0.05)

Great Lakes

Oliver and Nichol, 1982

Oichlorobenzenec
Trichlorobenzenec
Tetrachlorobenzenec
Pentachlorobenzene
Hexachlorobenzene

N0-77 (11)
ND-8. 7 (2.1)
N0-0. 2 (0. 05)
N0-0. l (0.05)
0.02-0. l (0.06)

Grand River, Canada

Oliver and Nichol, 1982

aRange (mean) in ng/1 unless indicated
bunidentified isomers
CA 11 ; somers
ND

=

Not detected; +

= detected

Drinking water supplies also have been sampled for chlorobenzene contamination.

In a survey of three water treatment plants of the city of New

Orleans, Louisiana, U.S. EPA (1975a) reported finding only one chlorobenzene, 1,3-dichlorobenzene, at two of the plants.
was <3 µg/l.
isomers

of

The U.S.

The reported concentration

EPA also found monochlorobenzene and all

dichlorobenzene at

levels

<1.0 µg/l

in

three of

five

three
raw

water supplies that were sampled as part of the National Organics Reconnaissance Survey (U.S. EPA, 1975b).

A follow-up study (U.S. EPA, 1975c) report-

ed concentrations of monochlorobenzene in samples of finished drinking water
from the four initial locations and at five additional sites.
Coniglio et al.

(1980)

reported data on concentrations of volatile

organic chemicals from drinking water treatment plants in the United States.
The frequency of occurrence of 1,2-dichlorobenzene and 1,2,4-trichlorobenzene in ffoished water originating from surface water was 12.5 and 11.5",
respectively.
ing water

samples

respectively.
samples.

Of the facilities using groundwater, 12.9 and 7.1% had drinkcontaining

The other

1,4-dichlorobenzene and

monochlorobenzene,

chlorobenzenes were detected

in <4.5% of the

The authors also reported data from a groundwater survey conducted

in New Jersey.

Of the chlorobenzenes, only the dichloro- and trichloroben-

zenes {isomers unspecified) were detected at concentrations ranging from
<1-100 µg/l in l and 3% of the samples, respectively.
Fielding et al. (1981) sampled untreated and finished groundwater, raw
and finished river water and rainwater from 13 unspecified sites throughout
Great Britain.
µg/l

,n

one

1,4-Dichlorobenzene was detected at a concentration of 0.08
finished

groundwater

sample.

Page

(1981)

also

surveyed

groundwater and surface water at over 1000 sites throughout New Jersey, in a
study designed to compare the relative degree of chemical contamination of
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ground and surface water.
of

all

the

groundwater

Al 1 isomers of d1chlorobenzene were found in -3%
samples

4% of

and

the

surface water

samples.

Analysis of these data and data on 52 other toxic chem1cals indicated that
New Jersey groundwater has a similar pattern and degree of contamination as
surface water.

Oliver and N1chol (1982) sampled drinking water in three

cities on Lake Ontario,

both before and after chlorination.

Individual

isomers of dichloro- through hexachlorobenzene were found in mean concentrations ranging from non-detectable to 13 ng/l.

No increase in the level of

concentration was noted in these compounds after chlorination.

The levels

of chlorobenzenes in the drinking water of three cities bordering Lake
Ontario are given in Table 4-11.
As part of a study of the contamination of drinking water by leachate

from a pest1c1de waste dump site 1n Hardeman County, TN, Clark et al. (1980)
reported

data

from a U.S.

EPA survey of

chemicals

in

private wells.

Monochlorobenzene was found in 23 of 25 wells at levels from trace amounts
to

41

µg/l

with

a

median

value

of

5.0

µg/i.

In

another

study

of

possible contamination of drinking water by the disposal of toxic chemicals,
Barkley et al. (1981) found monochlorobenzene and dichlorobenzenes (1somers
unspecified) in tapwater from all nine of the houses in Old Love Canal.
Niagara Falls area.
from

10-60 ng/l and

Concentration levels for these two compounds ranged
from

10-800 ng/i,

respectively.

The tetrachloro-

benzenes and pentachlorobenzene also were found at concentrations up to 2000
and 240 ng/l, respectively.
The chlorobenzenes have been identified in wastewaters from industrial
processes and
plants.

in

Gaffney

influents and effluents at municipal
(1976)

sampled water

at

four

sewage treatment

municipal

facilities

in

Georgia that, in addition to handling sewage, also treated wastewater from
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TABLE 4-11

Chlorobenzene Concentrations in Drinking Water from Ontario, Canadaa

Concentrat1on ng/!1.
Range

Chemical

Mean

1,2-Dichlorobenzene

ND-7

3

1,3-Dichlorobenzene

ND-2

1

1,4-Dichlorobenzene

8-20

13

1,2,3-Trichlorobenzene

0. 1-0. l

0.1

1,2,4-Trichlorobenzene

1-4

2

1,3,5-Trichlorobenzene

Nob

Nob

1,2,3,4-Tetrachlorobenzene

0.1-0.4

0.3

1,2,3,5-Tetrachlorobenzene

Nob

Nob

1,2,4,5-Tetrachlorobenzene

NOb-0.3

0.2

Pentachlorobenzene

0.03-0.05

0.04

Hexachlorobenzene

0.06-0.2

0.1

asource: Oliver and Nichol, 1982
bl imHs of detect1on were -0. l ng/!I. for
ng/!I. for the tetrachlorobenzenes.
NO = Not detected
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the trichlorobenzenes and -0.05

local synthetic carpet mills.

Average concentrations reported for dichloro-

benzenes in the incoming and outgoing water ranged from 3-146 µg/!1. and
0-268 µg/!I.,
from

1-60

tively.

respectively.
µg/!I.

and

The author

For

0-13

the trichlorobenzenes,

µg/!I.

concluded

for

that

influent

the

and

the levels ranged
effluent,

respec-

increase in the dichlorobenzene

levels was a result of chlorination performed during the secondary phase of
wastewater treatment.
A U.S. EPA survey of wastewater throughout the United States found that
di ch lorobenzenes and tri ch lorobenzenes occurred in discharges from industrial and municipal plants (Ware and West, 1977).
tions ranged from 15-690 µg/!1. for
µg/!I.

for

1,2,4-trichlorobenzene.

The reported concentra-

1,2-dichlorobenzene and from 0.25-500
Young and Hessan (1978) also reported

the presence of several chlorobenzenes in the wastewater of major municipal
facilities in southern California.

The highest concentrations they found

were for water discharged by the Los Angeles Hyperion Treatment Facility
during

December:

µg/!1.;

1,2,4-trichlorobenzene,

<0.2. µg/!I..
ranged

For

1,2-dichlorobenzene,

130

the other sites,

from 0.2-6

µg/!I..

435

µg/!1.

µg/l;

1,4-dichlorobenzene,

and

230

1,3,5-trichlorobenzene

the levels of dichlorobenzene isomers

None of

the

facilities

used

chlorination

to

treat the water.
Neptune (1980) compiled data for organic priority pollutants analyzed in
samples taken during several industrial wastewater surveys conducted from
September 1978 through October 1979.

The resulting data were grouped by

their occurrence in each of 35 standard industrial categories.

The most

prevalent of the chlorobenzenes was monochlorobenzene, which was present in
waste streams from 14 industrial categories; 1,2-, 1,3- and 1,4-dichlorobenzene were detected

in 13,

10 and 14 categories,
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respectively,

with

1,2,4-trichlorobenzene present in 7 categories.

The frequency and range of

concentrations found are summarized in Table 4-12.
4.3.3.

Food.

Investigat1on of the occurrence of chlorobenzenes in food

has been 1imited primarily to the measurement of hexach lorobenzene.

This

concern derived from its use as a fungicide on the seeds of several food
crops and from its ability to bioaccumulate in the food chain.

The bio-

accumulation potential of hexachlorobenzene and the other chlorobenzenes is
discussed in Section 5.3.
Johnson and Manske (1976) reported the detection of hexachlorobenzene at
levels of 0.0006-0.041 mg/kg in food samples from 30 U.S. cities obtained
from the Total Diet Program of the U.S. Food and Drug Administration (FDA).
Based on these and other data, FDA estimated the average daily intake of
haxachlorobenzene from foods in fiscal years 1973 and 1974 to be 0.3978 and
0.0725 µg/day, respectively (IARC, 1979).

Leoni and D'Arca (1976), using

analysis data on cooked foods served in the Italian Navy, estimated an average daily intake of 4.11

µg of hexachlorobenzene.

In addition,

these

authors surveyed uncooked foods available to the public and found mean hexachlorobenzene levels ranging from none detected to 133.0 ppb (0.133 mg/kg),
with the highest levels occurring in butter, lard and pork meat.

The aver-

age daily intake of hexachlorobenzene from uncooked diets was calculated to
be 4.32 µg, a value similar to intake from cooked diets.

Hexachloroben-

zene has also been detected in Navy foodstuffs available in Japan (Morita et
al., 1975a,b; Sekita et al.. 1980) and
salmon

(9

µg/kg),

pork

(Morita et al., 1975a,b).

(7µg/kg)

and

was measured in beef (12 µg/kg),
other

animal

sources

of

protein

In a survey of over 300 suppliers of cow's m11k

in southern Ontarfo in 1977, hexachlorobenzene residues were identified in
68% of the samples at a level of 0.002 mg/kg in fat.
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The hexachlorobenzene

TABLE 4-12
Frequency and Range of Concentrations of Chlorinated
Benzenes Pollutants in Industrial Wastewaters*

Sam~les

Chemical

Total
Samples

Number
of Samples

31,194

147

1,2-Dichlorobenzene

3,268

1,3-Dichlorobenzene

Monochlorobenzene

Containing >10
Range
{µg/l)

~g/l

Mean
Concentra t1 on
{µg/l)

11-6,400

667

80

12-860

141

3,268

44

10-39 .

21

1,4-D1chlorobenzene

3,268

88

10-410

79

1,2,4-Trichlorobenzene

3,266

30

12-607

161

*Source:

Neptune, 1980
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levels found in the 1977 survey were significantly below the levels detected
in a similar survey conducted in 1973 (Frank et al .• 1979).
Some information on the presence of other chlorobenzenes
also available.

Morita et al.

in food was

(1975c) reported detecting 1.4-dichloroben-

zene in fish including mackerel caught in Japanese coastal waters.
and Nichol

(1982)

ch l orobenzene.

reported detecting all

tetrach 1orobenzene.

in trout from the Great Lakes.

Oliver

isomers of dichlorobenzene. tri-

pentach 1orobenzene and hexach 1orobenzene

The highest levels were detected for penta-

and hexachlorobenzene and the mean concentrations were 5.5 and 46.8 µg/kg.
respectively.

Residues of pentachlorobenzene have also been found in oils.

fats and shortening (0.001-0.11 mg/kg) and sugar (-0.002 mg/kg) (U.S. EPA.
1980).

4.3.4.
benzenes

Soil and Sediments.
has

focussed

on

The study of

hexachlorobenzene,

soil

contamination by chloro-

although more

recent

surveys

have included all the chlorobenzenes.
Hexachlorobenzene has been detected in sediment samples taken from lakes
throughout Germany (Buchert et al .• 1981) and was measured at 0.04 ppm in
soil

from a farming region in Italy where high mortality among birds had

taken place (Leoni and D'Arca. 1976).

In 1975. the U.S. EPA examined soil

and aquatic sediments at 26 locations along a 150-mile transect of Louisiana
and found that 46% of the soil samples were contaminated with hexachlorobenzene at levels of 20-440 ppb.

The aquatic sediments contained hexachloro-

benzene at levels of 40-850 ppb (Blackwood and Spies. 1979).

In a survey of

nine industrial plants (see Table 4-9 for site locations) producing chlorocarbon
samples

compounds.

Li

taken within

three plants.

et

al.

(1976)

detected

the plant area at

levels

hexachlorobenzene
>1000 µg/g

in

soil

(1000 ppm) at

Soil taken from the cornfield adjacent to one plant contained

4-28

1.1 µg/g

(1100 ppb) and >3000 µg/g were detected along a boundary road

of another plant.
Elder et al. (1981) sampled sediments in streams draining the Love Canal
area of Niagara Falls, NY, and detected all of the chlorobenzenes (isomers
unspecHied) at levels in the ppm range.

011ver and Nichol (1982) studied

the fate and distribution of chlorobenzenes in the Great Lakes and reported
detecting all isomers in the sediments of Lakes Superior, Huron, Er1e and
Ontario.

The most contaminated lake was Lake Ontario, for which the mean

levels in the sediments of the 1nd1vidual isomers ranged from 11-94 ng/g for
the di ch 1orobenzenes,

from 7-94 ng/g for

6-52 ng/g for the tetrachlorobenzenes.

the tr i chlorobenzenes, and from

The levels of penta- and hexachloro-

benzene were measured as 32 and 97 ng/g, respect1vely.
4.3.5.

Human T1ssue Res1dues.

Studies of the transport,

fate and b1o-

accumulation of the chlorinated benzenes reviewed above indicate that human
exposure is likely from a1r, food and drinking water (Sections 5.1., 5.2.
and

5.3.).

In

this

secUon,

human ambient

exposure

is

conffrmed by

the

reported levels of chlorobenzene in human adipose t1ssue, blood, breath and
urine;

unfortunately,

the environmental concentrat1ons were not available

for comparison with the observed tissue concentrations.
Due to the lipophil1c character of the chlorinated benzenes, as 1ndicated by their octanol/water partit1on coeff1cient discussed in Section 5.3.,
adipose and other fatty tissues are the major tissue depots for chlorinated
benzenes.

The measured

levels

of several

chlorobenzene isomers in human

adipose tissue are shown in Table 4-13.
Since human milk has a high fat content, chlorinated benzenes ingested
by pregnant and nursing mothers would be likely to distribute to this depot
and, on repeated exposure, to bioaccumulate.

Thus the suckling offspring

would be susceptible to a high exposure via this intake.
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Stacy and Thomas

TABLE 4-13
Chlorinated Benzene Residues in Human Adipose Tissue

Compound

1,4-Dichlorobenzene

1,2,4,5Tetrachlorobenzene
Hexachlorobenzene

nssue
Concentration
(mg/kg)*

Country

Reference

Japan
Japan
Japan

1. 7

Morita and Ohi, 1975
Morita and Ohi, 1975
Morita et al., 1975?

Japan

0.019

Morita et al., 19751

Japan
United States
Italy
Great Britian

0. 21

0.03-0.47
0.491
0.05

Morita et al., 1975?
Barquet et al., 1981
Leoni and D'Arca, 1976
Abbott et al., 1972

Germany

6.3

Acker and Shulte, 1970

New Zealand

0.31

Solly and Shanks, 1974

Canada

0.001-0.52

Mes et al., 1979

Canada

0.01-0.67

Mes et al., 1982

Sweden

0.029-0.071

Noren, 1983

2.3
1.88

*Values are for adipose tissue
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(1975) analyzed breast milk samples from 20 urban and 20 rural Austranan
mothers

and

found

(0.079 mg/kg milk)
mg/kg).

the

concentration

of

significantly greater

hexachlorobenzene
than

that

in

1n

rural

urban milk

milk
(0.028

A study of another group of Austranan mothers showed the opposite

results: rural milk contained 0.042 mg/kg while urban milk contained 0.063
mg/kg (Newton and Greene, 1972).

In France, 18 of 49 breast milk samples

contained hexachlorobenzene at concentrations of 0.001-0.17 mg/kg whole milk
(0.50-3.50 mg/kg on fat basis) (Goursaud et al., 1972).
centrations

of

pentachlorobenzene

and

Relatively low con-

hexachlorobenzene

(0.002 mg/kg

and

0.006 mg/kg, respectively) were found in milk samples from Yugoslavian women
(Kodric-Smit et al., 1980).
women

In another study, 50 milk samples from Helsinki

in 1982 (Wickstrom et al.,

zene/kg whole milk

1983) contained 0. 7-6 µg hexachloroben-

(14-240 µg hexachlorobenzene/kg milk fat).

No detect-

able hexachlorobenzene was found, however, in 57 samples of breast milk from
women of rural Arkansas and Mississippi (Strassman and Kutz, 1977).
in

two Swedish women

fat

in one

(Noren,

varied from 0.029;t0.002 mg hexachlorobenzene/kg m1lk

to 0.071.:t,0.005 mg hexachlorobenzene/kg milk fat

1983).

Levels

Courtney

(1979)

reviewed some of

in

the other

these and other

studies

that substantiate the ubiquity of hexachlorobenzene by the fact that people
with

no

known

exposure

to

the

chlorobenzene

had

measurable

tissue

con-

centrations.
In a study involving 28,000 people across the United States (Murphy et
al .• 1983), hexachlorobenzene was found

in 4% of 4200 blood serum samples

using

a

between

tion,

hexachlorobenzene was

method with a

detection
found

using a method with detection

limit

in 93% of

limits

around

1 and

785 adipose
10-20 µg/!I..

were interpreted as signifying non-occupational exposures.
were provided in this study.
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2 µg/!I..
tissue

In addisamples,

These findings
No actual levels

From the data on chlorobenzene concentrations found in human blood and
plasma, it is apparent that newborns to adults, even those from industrially
remote

areas

or

those

with

no

known

chlorobenzene exposure,

experience

exposures to these compounds.
Astolfi

et al.

(1974)

reported

hexachlorobenzene at

umbilical cord blood of infants born in Argentina.
97

urban children from Upper

Bavaria all

19

ng/ll.

in

the

Ninety-seven rural and

had detectable levels of hexa-

chlorobenzene in their blood ranging from 2.8-77.9 ppb {ng/g); the average
concentratfon was 16.5 ppb {Richter and Schmid, 1976).

An average concen-

tration of 22 ppb hexachlorobenzene was measured in the blood of nonexposed
Australians, whereas occupationally exposed people had an average concentration of 55.5 ppb {range 21-100 ppb) in their blood (Siyali, 1972).

Morita

and Ohi (1975) analyzed the blood of four male and two female residents of
Tokyo for 1,4-dichlorobenzene and reported an average of 9.5 µgill..
Wastes containing hexachlorobenzene were spread on a landfill in western
Louisiana as a fly control measure {Burns and Miller,_ 1975).

Blood levels

of hexachlorobenzene in 22 husband-wife pairs living near the landfill were
analyzed.

The average blood

level

for

the men was

5.10 ppb, which was

significantly higher than that for the women, which was 1.70 ppb.

Forty-six

Louisiana residents not living in the immediate vicinity of the landfill had
average

blood

levels

of

0.5

ppb

hexachlorobenzene,

while chemical

workers

in the area had a blood concentration range of 14-233 ppb.

plant
The

levels of chlorinated benzenes in the blood of nine residents of the Love
Canal area in Niagara Falls, New York, were measured and are shown in Table
4-14 {Barkley et al., 1980).
Although the chlorobenzenes bioaccumulate in human adipose tissue and

are detected in human blood, the levels are tempered by the elimination processes.

The expired breath and urine of nine residents of the Love Canal
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TABLE 4-14

Chlorinated Benzenes in the Blood of Nine Residents
of Love Canal in Niagara Falls, New York*

No. of Positive
Results

Blood
Concentration
(ng/mll.)

Monochlorobenzene

8

0.05-17.0

Di-isomers

9

0 .15-68

Tetra-isomers

1

2.6

Compound

*Source:

Barkley et al., 1980
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area contained measurable levels of the chlorobenzenes as shown in Table
4-15 (Barkley et al., 1980).
The concentrat1ons of chlorinated benzenes reported for human tissue
(see Table 4-13) and blood, breath and urine (see Tables 4-14 and 4-15)
indicate that humans absorb and store chlorinated benzenes.

The bioaccumu-

lation of the chlorinated benzenes is offset by metabolism and elimination
from the body.
4.4.

RELATIVE SOURCE CONTRIBUTIONS TO TOTAL EXPOSURE
The monitoring studies discussed in the preceding section indicate that

chlorinated benzenes are present in the environment and that human exposure
to one or more of these substances is 11kely to result from the inhalation
of air or the ingestion of water or food.

The intent of this section is to

estimate the relative degree that these three media -- air, water and food
contribute to a person's overall exposure.
to tMs approach.

There are several limitations

First, no comprehensive study of human exposure to the

chlorobenzenes has been conducted; the available monitoring data indicate
the presence of the substances under the conditions of a given study and do
not establish universal levels of exposure.

Consequently, the studies that

are cited and discussed in this section were selected on the basis of being
the most likely to represent general population exposure.

Data on instances

of gross contamination; i.e., local pollution from landfill or in an occupational setting, were not used.

Second, no single study has analyzed any one

medium for all of the chlorobenzenes.

Hence, only data from a single study

were used in the calculations for one type of exposure; aggregate or combined data were not used.

Third, all monitoring studies are limited either

in terms of sampling duration or the number of locations sampled; studies
with the widest geographical

sampling locations and longest duration of
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TABLE 4-15
Chlorinated Benzenes in the Breath and Urine of Nine
Residents of Love Canal in Niagara Falls, New York*

No. of Positive Results
Compound

Breath

Urine

Concentration Range
Breath
(ng/m 3 )

Urine
(ng/l)

Monochlorobenzene

l

6

T

20-120

Di-isomers

7

7

T-5000

40-39,000

Tri-isomers

2

0

T-90

ND

Tetra-isomers

2

0

30-180

ND

Pentachlorobenzene

l

0

70

ND

*Source: Barkley et al., 1980
T

=

Trace; ND

=

not detected
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sampling were favored for

use in the calculat1ons.

Finally, quantHative

data on the absorpt1on of the various chlorobenzenes by humans through the
lungs, skin or gastrointestinal tract is not available.

For this reason,

the data in this section are estimates of yearly average ambient exposure
levels

(i.e.,

the

amount

potentially

inhaled

or

ingested)

and

are

not

physiological exposure levels.
4.4.l.

Air.

The monitoring data used for

the estimation of

inhalation

exposure (Table 4-16) are taken from the overall mean concentration values
given in Table 4-7.

In addition, this table presents estimates of the total

yearly exposure of an adult man, adult woman, child and infant using standard

respiratory

t/year,

volumes

of

8.4xl0 6

respectively {ICRP, 1975).

,

7.7xl0 6

,

5.5xl0 6

and

l.4xl0 6

The inhalat1on exposure estimate will

be different for rural/remote, urban/suburban and source areas.
4.4.2.

Water.

The estimation of exposure of chlorobenzenes from drinking

water requires that the mean or median concentrations of these compounds in
ffoished water

originating from a

groundwater be known.
of

monitoring

data

large number of both U.S.

surface and

As discussed in Section 4.3.2., only a limited number
for

samples are available.

the

levels

of

chlorobenzenes

in

finished

water

Therefore, a realistic assessment of the exposure of

chlorobenzenes through the ingestion of drinking water cannot be made at the
present
found
µg/R.;

time.
in

U.S.

However,

the maximum concentrations of

drinking water

1,3-dichlorobenzene,

unspecified),
individual
sure of an

l.O

µg/!!.

{NAS,

are
<3

the following:
µg/!!.;

1977).

If

and

the chlorobenzenes

monochlorobenzene,

trichlorobenzene

the maximum fluid

5.6

(isomer

intake by an

is assumed to be 711.8 !!./year {ICRP, 1975), the maximum expoindividual

chlorobenzene

isomer

water can be estimated to be <4 mg/year.
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through ingestion of finished

TABLE 4-16
Estimated Yearly Exposure to Several
Chlorinated Benzenes Via Inhalation

Exposure (mg/yr)
Chemical

Mean Ambient Concentration (ng/m 3 )*

Adult
Han

Adult
Woman

Monochlorobcnzenes

3087

25.9

1,2-Dichlorobenzene

1142

1,3-Dichlorobenzene
1,4-Dichlorobenzene
Trichlorobenzenes
Tetrachlorobenzenes

Child
( 10 yr)

Infant
( l yr)

23.8

17 .0

4.3

9.6

8.8

6.3

1.6

571

4.8

4.4

3. l

0.8

1563

13. l

12.0

8.6

2.2

136

1.1

1.0

0.7

0.2

3502

29.4

27.0

19.3

4.9

*Hean levels obtained from Table 4-8

4-37

4.4.3.

Food.

Hexachlorobenzene

is

the only chlorinated

presence \n food has been systematically 1nvest1gated.
the Total

Diet

Program,

the FDA estimated

benzene whose

Based on data from

the average daily

intake of

hexachlorobenzene for fiscal year 1974 to be 0.0725 µg/day (IARC, 1979).
This would result in a yearly exposure of 0.03 mg hexachlorobenzene from
food sources.

4.5.

SUMMARY
Annual production of chlorinated benzenes in 1983 is on the order of 450

million pounds, the majority of which is accounted for by monochlorobenzene
and dichlorobenzenes.

Production of the tri- and tetrachlorobenzenes and

pentachlorobenzene is on the order of millions of pounds/year.

Hexachloro-

benzene is not currently produced as a commercial product in the United
States

(!ARC,

1979),

although

it

is

a constituent

of

several

imported

products and is a byproduct or waste material in the production of many
chemi ca 1s (Mumma and Lawless, 1975).

These compounds are used in a number

of organic chemical syntheses, including the synthesis of other chlorobenzenes, and have applications as solvents, electrical equipment insulators,
pesticides, herbicides and fungicides.

Emissions of chlorobenzenes are most

likely to occur during their manufacture or use as intermediates and from
the disposal of waste products from manufacturing operations.

Hexachloro-

benzene, for example, which is imported but not produced commercially in the
United States, occurs as a byproduct in the synthesis of nine other chlorocarbons; 2-5 million pounds may be generated each year.
Chlorinated benzenes have been identified in air, food and soil, and in
surface, ground and drinking water.

The highest concentrations have been

found near manufacturing and waste disposal sites, although no study has
attempted to characterize the contribution of any one source to the total
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env~ronmental

contamination by chlorobenzenes.

water

are

levels

in

the µg/m 3

Ambient a1r and max1mum

and mg/l range,

respectively,

monitoring studies for finished water have been limited.

although

The most frequent-

ly detected compounds in air and water were monochlorobenzene and the diand

trichlorobenzenes.

Penta- and hexachlorobenzene are more frequently

found in food and soil, although their detection may reflect more of the
concern over their use as pesticides and fungicides, or their presence as
contaminants in pest1cides or fung1c1des, rather than the absence of the
other chlorobenzenes.
No comprehens\ve study of human exposure to the chlorobenzenes has been
conducted, although their ubiquity in the env1ronment and the detection of
measurable residues in human tissue (see Section 5.3., Bioaccumulation/Bioconcentration)

indicate

that

human

exposure and absorption occur.

The

contribution of the chlorobenzenes from all the three media (air, water and
food) to a person's total exposure cannot be made with the limited environmental monitoring data.

The available data. however. indicate that human

inhalation exposure to chlorobenzenes may be higher than ingestion exposure
either through drinking water or through foods.

4-39

5.

ENVIRONMENTAL TRANSPORT AND FATE

The following sections consider the transport and fate of the chlorinated benzenes through the three environmental media (air, water and soil)
and their potential
ultimately,

human

to accumulate or concentrate in plant, animal and,

tissues.

Transport

between

the various environmental

media is governed by the physical and chemical characteristics of the compounds and their interaction with components of the environment.

Evapora-

tion rates and solubilities influence transport from water and soil into
air.

Leaching rates, adsorption, rainfall, soil type and desorption affect

the movement of chlorobenzenes from soil and sediment into water and groundwater, as well as from water into sediment and soil.

The fate of chloroben-

zenes in the environment depends on degrada t1 ve processes, either abi otic
degradation by chemical reactions or photolysis, or biotic degradation by
microbes, and on the rate at which these compounds are stored or accumulated
by plants, animals and humans.
5.1.
5.1. l.

TRANSPORT

Air.

The transport and distribution of the chlorobenzenes in the

atmosphere has not been investigated.

One study has suggested that distri-

bution of one of the chlorobenzenes in air may be global.

Atlas and Giam

(1981) reported detecting hexachlorobenzene at a mean level of 0.10 ng/m 3
in air samples taken at a remote North Pacific Ocean atoll where the only
source could be air transport.

These data led the authors to suggest that

hexachlorobenzene is well mixed in the atmosphere and has wide distribution
in the Northern Hemisphere.

A study of environmental contamination by hexa-

chlorobenzene from industrial plants (Li et al., 1976) provided some data
that indicated such emissions can be spread by wind from point sources.
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The

authors reported that the emissions, which were in both vapor and part1culate form, were detected at levels from 0.1-24.0 µg/m 3 near the production fadlities and decreased to 0.10-0.50 as much 200 feet or more downwind.

The tendency of the hexachlorobenzene to remain in the atmosphere was

not studied.
Entry into the atmosphere from other media is determined mainly by the
substance's molecular weight, water solubility and vapor pressure.

Chloro-

benzenes have vapor pressures ranging from 0.05-11.8 mmHg at 20°C (see
Section 3.3.).

In general, these vapor pressures decrease with the increase

in the number of chlorine substituents.

Chlorobenzenes are likely to enter

the atmosphere as a result of evaporation from soil and water and these
types of studies are discussed in the following sections.
5.1.2.

Water.

Chlorobenzenes have low solubility in water, with the solu-

bility decreasing as the number of chlorine substituents increases, although
some variation is evident among the isomers (Hawley, 1977; Sax, 1979; Weast,
1979) (see Section 3.3.).

Once dissolved in water, despite their relatively

low vapor pressures and high molecular weights, the chlorinated benzenes
tend

to

evaporate quickly

(Mackay and Wolkoff,

1973).

Two laboratory

studies indicate that evaporation of some of the chlorobenzenes from an
aqueous solution could be as rapid as a few minutes to a few days.
Garrison and Hill (1972) found that >99% of mono-, 1,2- and 1,4-di- and
1,2,4-trichlorobenzene had evaporated within 4 hours from aerated distilled
water solutions and within 72 hours from nonaerated solutions.

Mono-, 1,2-

di- and 1,4-dichlorobenzene volatilized completely in <l day from aerated
solutions containing mixed cultures of aerobic microorganisms.
ch

1,2,4-Tri-

robenzene also evaporated, but less rapidly, with 2% of the initial

cc :entration remaining after 80 hours.
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Lu and Metcalf (1975) provided

ev1dcnce of monochlorobenzene's volat111ty from water through their study of
this

chemical's

biodegradabil1ty

in a model

ecosystem.

They noted

that

after 48 hours, 96% of the radioactively labeled compound added to the model
system was found in the traps that sampled the system's atmosphere.
A 1-year field study of the transport of 1,4-dichlorobenzene in Lake
Zurich, Switzerland, also indicated an important role for evaporation in the
removal

of

chlorobenzenes

from water

(Schwarzenbach

et al.,

1979).

The

authors found that the main input of 1,4-dichlorobenzene into the lake was
from wastewater treatment plants and that the half-11fe of the chem1cal was
-100 days.

from a

comparison

of

the

seasonal

variation

1n evaporation

rates, they concluded that transport into the atmosphere is the predominant
influence on the

loss

of 1,4-dkhlorobenzene from the

lake.

Their

data

indkated that of the 90 kg/year entering the lake, 60 kg was lost to the
air, 2 kg entered

la~e

sediments and 28 kg was in the lake's outflow.

In add1tion to laboratory and field investigat1ons, theoretical studies
of

the

transport

of

chlorobenzenes

in aquatic

systems may be useful

in

predicting the distribution of these compounds and their removal from water
by evaporation and sedimentation.

Using Henry's Law Constant and various

assumptions of water depth, air speed, etc.,
from water can be calculated.

the half-lHe of evaporat1on

for chlorobenzene, 1,2-dichlorobenzene and

1,2,4-trichlorobenzene, these values are 4.6 minutes, 8.1 minutes a.nd 0. 75
hours, respect1vely.
assessing the

Falco et al. (1982) developed a mathematical model for

transport and degradation of materials released from land-

fills and waste storage lagoons.

The parameters incorporated into the model

included coefficients for the following:
hydrolysis rate,
oxidation rate,

(3) photolysis rate,

(1) octanol/water part1tion, (2)

(4) bacterial degradation rate,

(5)

(6) overall degradation rate and (7) volatilization rate.

The predictions made using the model are therefore limited by the available
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data base and rate coeff1cients.

In thelr model1ng. Falco et al.

(1982)

used the model to prcdlct the transport and persistence of chlorobenzenes
for the following types of surface waters:
portlng a chemical

50-100 miles

(1) a r1ver capable of trans-

in 5 days.

(2)

a pond with an average

retention time of 100 days and (3) a lake or reservoir with a retention time
of l year.

For comparative purposes, a summary of the authors' results for

the lake or reservoir is presented in Table 5-1.

5.1.3.

Soi 1.

Chlorobenzenes have an intermediate to high potential for

adsorption onto soils, which tends to increase with increasing number of
chlorine substituents.

Once adsorbed.

their movement within the soil is

dependent on the soil type and the nature of the solvent or leachate.

In

the absence of a solvent, transport into adjacent soil and the atmosphere is
likely to result from vapor phase diffusion.
Wilson et al.
mixture

of

(1981) studied the transport, over a 21-day period, of a

monochlorobenzene,

1,4-dichlorobenzene,

1,2,4-trichlorobenzene

and 10 other organic chemicals through a column of sandy soil having a low
organic matter content.

Using water as a solvent, these investigators noted

that for the chlorobenzenes the retardation factors

(velocity of the sol-

vent/velocity of a compound) increased with the chlorine number regardless
of the initial concentration of the compounds.

These authors also reported

that up to 50% of the applied monochlorobenzene evaporated and -50% of the
amount of al 1 three chlorobenzenes was degraded or unaccounted for
5-2).

(Table

These results indicated that chlorinated benzenes are likely to leach

into groundwater and this mobility in groundwater was confirmed in a field
study by Roberts et al. (1980).
Studies on the transport of hexachlorobenzene indicate a high potential
for soil adsorption and for volatilization from porous soils.
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Ausmus et al.

TABLE 5- l
Predicted Transport and Fate of Chlorinated Benzenes
Released from Landfills and Lagoonsa

Percentage of
of
Chlorobenzene Entering Lake
Total Amount
Property

Mono-

Movement from point of
entry to outlet

5-9

1,2- and
1,4-0i<l

Tri-b

6-8

6-41

NG

NG

83-94

76-97

NG

Amount absorbed onto

<l-8

2-24

13-65

Amount taken up by fish
Estimated volatilization
to atmosphere
asource:

0

0

<l

74-88

1-3

31-81

Falco et al., 1982

brsomer not specified
NG

=

Not given

5-5

Penta-

5-6

Potential for degradation
or elimination
suspended sed1ments

Tetra-b

4-37
<l
55-89

62-95
<1
0

TABLE 5-2
Transport of Chlorinated Benzenes in Sandy Soil*

Percentage of Total Chlorobenzene Applied
Chemical

Volatinzed

Degraded or
Not Accounted For

Monochlorobenzene

27-54

20-40

26-33

1,4-Dichlorobenzene

ND

51-63

37-49

1,2,4-Trichlorobenzene

ND

54-61

39-46

*Source:

Wilson et al., 1981

ND = Not determined
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Column
Effluent

('919)

applied C14 -labeled hexachlorobenzene

to

so11

cores

taken from a

p1ne forest and monitored its evaporat1on and leach1ng by water over 21
days.

Of

leachate,

co 2 •

the amount app1'ed,
and none was

Farmer et al.

<1% was

degraded as

lost by volat111zat1on or 1n the

ind1cated by the absence of

labeled

(1980a) examined the vapor phase diffusion of hexa-

ch.lorobenzene through a high clay.

low organ1c mater1al soil (39 and l"·

respectively) and reported diffusion to be increased by the soil porosity
and decreased by the soil's water content.

The same authors {farmer et al ••

1980b) also found that highly compacted wet soil covers were most effective
in reduc1ng hexachlorobenzene volatilization after dumping into a land-fill.
A water cover in a temporary storage lagoon was also effective.

rise in soil temperature increased volat111zation fluxes 3.5-fold.

Each l0°C
Griffin

and Chou (1981) investigated the adsorption and mobility of polychlorinated
and polybrominated biphenyls and hexachlorobenzene in seven different son
types with increasing amounts of organic carbon.

The adsorption of hexa-

chlorobenzene increased w1th increasing amounts of organic carbon.

Further.

they noted that hexachlorobenzene was i11111obile and was not leached from the
three soils that were tested with water and a leachate from a landfill.
Soil

sorption coefficient

(K c)
0

values for chlorinated benzenes are:

chlorobenzene (537), 1,2-dichlorobenzene (977), 1,4-dichlorobenzene (1259),
1,2,3-trichlorobenzene (2630), 1,2,4-trichlorobenzene (2042) and hexachlorobenzene (38,000) (Calamari et al .• 1983).
5.2.
5.2.1.

FATE
Air.

The degradation of chlorobenzenes in air has been studied in

a fair amount of detail.

In theory. chlorobenzenes dispersed in air may be

degraded by chemical- or sunlight-catalyzed reactions or may be adsorbed
onto particles that settle or are removed from the atmosphere by ra1n.

A

measure of the effectiveness of these factors is the atmospheric residence
5-7

t1me.

One study has made estimates of residence Umes for various chloro-

benzenes.

Singh et al. (1981) conducted field studies in Cal1fornia and

Arizona and analyzed air samples over 2-week periods for 33 organic chemicals including monochlorobenzene, the dichlorobenzenes and an unspec1fied
isomer of trkhlorobenzene.

The estimated, residence times of these chemi-

cals and daily percentage of each lost from the atmosphere are presented in
Table 5-3.
5.2.2.

Water.

The fate of chlorobenzenes in aquatic systems has not been

completely characterized, although initial studies indicate that degradation
of chlorobenzenes is possible by microbial communities in wastewater treatment plants and in natural bodies of water.

Other investigations have indi-

cated that chlorobenzenes have a high potential for bioaccumulation and bioconcentration by aquatic species (Section 5.3.).

Removal of chlorobenzenes

by adsorption onto suspended material, which in turn settles and is incorporated into sediments, has not been demonstrated.
Lee and Ryan (1979) examined the degradation of various chlorinated compounds by microbes in samples of water and sediments taken from a river in
They observed that the degradation rates fit first-order expres-

Georgia.

sions, although the degradation of the chlorinated compounds in water was
slow.

In

the sediment samples, monochlorobenzene was found

to have a

half-11fe of 75 days, which was longer than the chlorinated phenols, but
more rapid than the degradation of hexachlorophene and DOE.
hexachlorobenzene

showed

no

degradation

by water

or

In contrast,

sediment microbes.

Davis et al. (1981) conducted a similar experiment using samples of microbial populations from industrial and municipal wastewater treatment plants
and 1,2-dichlorobenzene along with other compounds.

The dichlorobenzene at

a concentration of 50 ng/!!. was degraded by both systems within 7 days.
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TABLE 5-3
Estimated Atmospheric Residence Time and Daily Loss
Rates for Several Chlorinated Benzenesa

Chemical

Residence Times
(days)b

Daily Loss Rate
(percent)c

Monochlorobenzene

13

7.4

1,2-Dichlorobenzene

38.6

2.6

1,3-Dichlorobenzene

38.6

2.6

1,4-Dichlorobenzene

38.6

2.6

116.0

0.9

Trichlorobenzened

asource:

Singh et al., 1981

bcalculated assuming an average daily (24-hour) abundance of OH radkals
of 10 6 molecules/cm 3
Cfor 12 hours of sunlight
d1somer unspecified
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This rate, which was more rapid than the rate for phenol but slower than
that measured for benzene, was described as "comparatively rapid."
Using a model aquatic ecosystem, Lu and Metcalf (1975) investigated the
b1odegradation and bioaccumulation of various chemicals including monochlorobenzene and hexach 1orobenzene.

Both compounds were found to have high

"ecological magn1fication 11 indices and accumulated in both aquatic plants
and animals.

Both chemicals had low biodegradability indices and were, in

general, metabolized to monochloro- and pentachlorophenol, respectively.
A number of other investigators have studied the biodegradab1lity of
chlorinated benzenes and these results are summarized in Table 5-4.

In

general, these results suggest that the biodegradabi 1ity decreases as the
number of chlorine substituents increases.

In addition to these laboratory

studies, Zoeteman et al. (1980) indicated that chlorobenzene, Q-dichlorobenzene,

1,2,4-trichlorobenzene

R-dichlorobenzene,

and

hexachlorobenzene

degrade in river water with half-lives of 0.30, 3-2, 1.1-25. 1.8-28 and 0.5
days, respectively, as indicated by monitoring at various stations along the
Rhine River.

These half-lives are likely to be very inaccurate since only a

limited number of samples were taken.
Roberts et al. (1980) studied the transport and degradation of monochlorobenzene,

.Q.-,

m-. R-chlorobenzenes and 1,2,4-trichlorobenzene in ground-

water after injection by analyzing monitoring wells at dHferent distances
from the injection well.
5.2.3.

Soil.

No degradation was noted.

Studies on the fate of dichlorobenzenes, trichlorobenzenes,

pentachlorobenzene and hexachlorobenzene in soil have indicated that the
chlorobenzenes

are

usually

resistant

to microbial

degradation

(however,

compare Ballschmiter and Scholz, 1980) and that chlorophenols are likely
degradation products.

Beck and Hansen (1974) studied the biodegradation of
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TABLE 5-4
Aqueous B\odegradab11\ty Stud\es of Chlor\nated Benzenes

Results (% Degradat1onl
Method

U'1
I

MCB

.Q.-DCB

P.-DCB

1,2,4-TCB

HCB

Reference

Trace of
degradat\on

3.4 BOOT

No degradat1on

Malaney and McK\nney, 1966

0-70*

0-56*

Tabak et al., 1981

Warburg

3.9 BOOT

M\neral salts
shake flask

100*

18-66*

0-61*

MIT! BOD Test

Res1stant to
degradat\on

Res1stant to
degradat\on

Res1stant to
degradat1on

Warburg (phenol
accl\mated
cultures)

16.1 BOOT

2.4 BOOT

BOD 5-day

1. 5 BOOT

Natural water

Degradat\on fast
\n frest\ water,
slower ~n estuar\ne and mar\ne
water

_,
_,

Warburg (sewage)
*Percent degradat\on after accl\mat\on (subculture every 7 days)

Kawasak\, 1980
Chambers et al., 1963

Heukelek\ah and Rand, 1965
slow degradat\on

Pfaender and Bartholomew,
1982

0-54

Gaffney, 1976

Qufotozene, a fungicide, and two of its 1mpurit1es, penta- and hexachlorobenzene.

So11 samples treated under laboratory condit1ons with penta- and

hexachlorobenzene at rates equal to 10 mg/ha were monitored over a period of
600 days.

From the slopes of the degradation curves, the authors estlmated

the half-lives of penta- and hexachlorobenzene to be 194-345 and 969-2089
days,

respectively.

Beall {1976) applied hexachlorobenzene at an amount

equivalent to 750 g/ha to sections of turf in a greenhouse.

Within 2 weeks,

55% of the hexachlorobenzene had disappeared from the top 2 cm of soil, most
11kely a result of evaporat1on.

Very little of the chemical disappeared

from the 2-4 cm-deep soil layer over the next 19 months.

Isensee et al.

{1976) also found hexachlorobenzene to be h1ghly persistent in soil.

Hexa-

chlorobenzene was applied to samples of sterile and nonsterile soil to
create levels of 0.1, 1, 10 and 100 ppm.

After storage of the samples under

aerobic {sterile and nonsterile) and anaerob1c {nonsterile) conditions for 1
year, analysis indicated that none of the hexachlorobenzene had degraded in
any sample.
Studies with the di- and trichlorobenzenes have indicated that these
compounds are also persistent, but not to the degree reported for hexachlorobenzene.

Ballschmiter and Scholz {1980) investigated the metabolism of

1,2-, 1,3- and l,4-d1chlorobenzene by a soil m1crobe of the Pseudomonas
genera.

In culture, the so11 m1crobe was capable of degrading the compounds

to dichlorophenols and dichloropyrocatechols.

Similar cultures of Pseudo-

monas also metabolized the tri- and tetrachlorobenzenes to their respective
chlorophenols.

In an experiment that more closely duplicated conditions in

nature, Marinucci and Bartha {1979) treated fresh field soil with radiolabeled 1,2,3- and 1,2,4-trichlorobenzene.
degradat1on
respectively.

for

these compounds,

0.35 and

They found very slow rates of
1.00 nmol/day/20 g of soil,

These authors also noted that the amount of organic mater1al
5-12

in the soil had no effect on the rate, but 1t d1d appear to reduce evaporat1on of the chlorobenzenes.
phenols.

Haider et al. (1974), using

co 2

18. 3, 1. 1 and 1. 1%
~-dichlorobenzene

5.3.

The primary degradation products were chloro-

and

14

C-labeled compounds in so11, found

after 1 week of i ncuba t1 on of monoch 1orobenzene,

~-chlorobenzene,

respectively.

BIOCONCENTRATION, BIOACCUHULATION, AND BIOMAGNIFICATION
The occurrence of toxic substances in the environment raises the issues

of whether humans may be exposed to them via air, water or food and, if so,
what are the physiological exposures.

The transport and fate of the chloro-

benzenes (see Sections 5.1. and 5.2.) are primary determinants of human
exposure to the environmental

sources of these compounds,

but the more

crucial physiological exposure levels are determined by the ease with which
a compound crosses biological membranes.

Bioaccumulation is a process in

which blood and tissue levels of a xenobiotic, to which there is continuous
or repeated exposure, continue to increase.
consequence

of

a

slow elimination

rate

Usually this phenomenon is a
(which

metabolism) and relatively rapid absorption rate.

includes

excretion

and

Ultimate steady state

levels, usually reached when the rate of elimination equals the rate of
uptake or when tissue levels become saturated, will be proportional to the
exposure concentration (as in the case of an inhalation exposure) or, as in
the case of intermittent oral exposure, to the dosing interval as well.
When such pharmacokinetic conditions exist, as they appear to do for the
chlorinated benzenes,

the potential

for

the physiological

insult to be

prolonged beyond the exposure time is very great.
The terminology used in· this section will follow the suggestion of Macek
et al. (1979):

bioconcentratfon implies that tissue residues result only

from exposure to the ambient environment (i.e., air for terrestrial or water
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for aquat'\c species); bioaccumulat1on considers all exposures (air, water
and food) of an individual organism as the source of tissue residues; and
biomagnHicat'\on defines the increase in tissue residues observed at successively higher trophic levels of a food web.
Tissue concentrations of the various chlorinated benzenes in laboratory
and field populations are discussed in Chapter 6, Ecological Effects.

It is

sufficient to state here that the chlorinated benzene isomers do reach measurable tissue levels in exposed organisms.

The factors limiting their

accumulation, however, are pertinent for discussion in this section.
Studies of the accumulation of xenobi ot i cs from env1ronmenta l sources
into living cells and

tissues have been conducted mainly with aquatic

species and food chains.

Under the general experimental design, the organ-

isms are exposed to sublethal concentrations of the test material under
static or flowing water conditions.
the test material

After exposure, the concentration of

in the organism is quantified and a bioconcentration

factor (BCF) is calculated as the ratio of the concentration in tissue (or
the whole organism) to the concentration in the water or food; air concentration is substituted into the denominator for calculating the BCF for
terrestrial organisms (Macek et al., 1979; Veith et al., 1980).
From such studies, it appears that concentration is determined by water
solubility, the octanol/water partition coefficient (Lu and Metcalf, 1975)
or the number of chlorine atoms on the molecule (Barrows et al., 1980).

All

three parameters correlate well with the BCF (Kenaga and Goring, 1980;
Metcalf, 1977; Lu and Metcalf, 1975).
ships

between

increasing

Table 5-5 shows the direct relation-

chlorination,

increasing

lipid

solubility

as

indicated by the octanol/water partition coefficient and the increase in the
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TABLE 5-5
Octanol/Water Part1t1on Coeff1c1ents, B1oconcentrat1on Factors
and B1ologlcal Half-11ves for Chlorlnated Benzenes 1n Flsh

Compound

Monochlorobenzene

Octanol/Water
PartH1on
Coeff1c1enta
&90
NR
NR

Spec 1es

BCfb

B1ologlcal
Half-l1feC
(days)

Reference

NS
fathead m1nnow
ra1nbow trout

12
450
46

NR
NR
NR

Kenaga and Gorlng, l9eod
Ve1th et al., 1979
Branson, 1976

1,2-0lchlorobenzene

2,511
2,510

blueglll
ra1nbow trout

69
270-5&0

<l
NR

Velth et al., 1960
Ol1ver and N11m1, 1963

l,3-01chlorobenzene

2,754
2,750

blueg111
ra1nbow trout

66
420-740

<l
NR

Ve1th et al., 1980
Ol1ver and N11m1, 1983

1,4-01chlorobenzene

2,400
2,344
2,400
2,340
NR
NR
2,400
3,388

blueg111
blueg111
ra1nbow trout
ra1nbow trout
ra1nbow trout
ralnbow trout
trout
guppy

15
60
214
370-720
32-107
BO
231
100

<7
<l
NR
NR
<l
NR
NR
0.7

U.S. EPA, 1980
Ve1th et al., 1980
Neely et al., 1974
Ollver and N11m1, 1983
Galass1 et al., 1982
Calamarl et al., 1982
U.S. EPA, 1980
Konemann and Van Leeuwen,
1980

l,2,4-Tr1chlorobenzene

NR
17,000
l7 ,000
NR
17,000
10,500
15,000

fathead m1nnow
fathead mlnnow
green sunf1sh
bluegl 11
ralnbow trout
ralnbow trout
NS

1700
2100
2300
182
890
1300-3200
491

<7
NR
NR
>1<3
NR
NR
NR

Koslan et al., 1981
Velth et al., 1979
Velth et al., 1979
Barrows et al., 1960
Velth et al., 1979
Ol1ver and N11m1, 1963
Kenaga and 6or1ng, 1980

l,3,5-Trlchlorobenzene

14' 100
15,850

ralnbow trout
guppy

1800-4100
760

NR
l. 7

Ollver and Nllml, 1983
Konemann and Van Leeuwen,
1980

l,2,3-Trlchlorobenzene

12. 900
15,650

ralnbow trout
guppy

1200-2600
700

NR
l.5

Ollver and N11m1, 1983
Konemann and Van Leeuwen,
1980

l,2,3,5-Tetrachlorobenzene

28,BOO
67,100

bluegl 11
guppy

1800
3900

>2<4
2.5

Velth et al., 1980
Konemann and Van Leeuwen,
1980

IJ'I
I
_,
IJ'I

TABLE 5-5 (cont.)

Compound

Octanol/Water
Part 1t \on
Coeff\c\enta

I

BCfb

B\olog\cal
Half-1\feC
(days)

Reference

1,2,4,5-Tetrachlorobenzene

33,100
47,oooe
NR

ra\nbow trout
NS
carp

5300-13,000
4500
4000-4900

NR
NR
NR

01\ver and N\\m\, 1983
Kenaga and Gor\ng, 1980
K\tano, 1978

1,2,3,4-Tetrachlorobenzene

20,0ooe
NR

ra\nbow trout
carp

5200-12,000
3600-4500

NR
NR

01\ver and N\\m\, 1983
KHano, 1978

87,096
01, 10of
154,000
490,000

blueg\11
ra\nbow trout
NS
guppy

3400
13,000-20,000
-5000
14,000

>7

Ve\th et al., 1980
01\ver and N\lm\, 1983
Kenaga and Gor\ng, 1980
Konemann and Van Leeuwen,
1980

NR
170,000
170,000
170,000
169,824
316,000g
168,000
NR
NR

fathead m\nnow
fathead m\nnow
green sunf\sh
ra\nbow trout
ra\nbow trout
rainbow trout
NS
largemouth bass
sheepshead m\nnow

35,000
16,200-18,500
21,900
5500
7762
12,000-20,000
8600
18,214-44,437
20,000

>7<21
NR
NR
NR
NR
NR
NR
>4<9
NR

Pentachlorobenzene

ui

Spec\es

Hexachlorobenzene

.......

ai

3.8

Koslan et al., 1981
Ve1th et al., 1979
Ve\th et al., 1979
Veith et al., 1979
Neely et al., 1974
01\ver and N\\m\, 1983
Kenaga and Gor\ng, 1980
Laseter et al., 1976
Parr\sh et al., 1978

aoeterm\ned experimentally or by calculat\on from relative chromatograph\c retention time
bTlssue concentration/water concentration (In flowing water)
coepuratlon time for t\ssue concentrat1on to decrease by one-half
dKenaga and Gor\ng (1980) reported these data from var\ous authors; therefore, each entry In a row may be from a d\fferent study.
eKonemann et al. (1979)
faanerjee et al. (1980)
9Chlou et al. (1982)
NR = Not reported; NS = Not specified

BCF for ch1or,nated benzenes in fish.

For example for salmon (011ver and

Nimmi, 1983) all the chlorobenzenes except hexachlorobenzene obeyed:
log BCF

=

-0.632 + (1.022 ± 0.057) log Kat the high exposure end,

log BCF

=

-0.869 + (0.997 ± 0.056) log K at the low exposure end.

and

Accordingly,

the

octanol/water

partition

coefficient

approximation of the BCF in aquatic organisms {r

is

a

good

first

0.948, n = 8 in flowing

=

water) (Kenaga and Goring, 1980).
Bioaccumulation in aquatic species is a function of the total environmental exposure of the organism including both water and the food consumed.
Macek et al. (1979) showed, however, that uptake of l,2,4-tr1chlorobenzene
from the ambient water (b1oconcentration) accounted for 93% of the total
body burden, while diet accounted for 6-7% of the

14

C-l,2,4-trichloroben-

zene measured in bluegills, Lepomis macrochirus, after 28 days of exposure.
S1milar conclusions were reached by Laseter et al. (1976) using bass and
bluegills exposed to hexachlorobenzene.
Although the chlorinated benzenes do bioaccumulate and tissue concentrations

are

established

in equilibrium with

the

environment

(Kenaga and

Goring, 1980; Veith et al.. 1980; Lu and Metcalf, 1975), the biolog1cal
{referring to individual organisms) and ecological (referring to biomagnification) persistence of the substance may be the more important parameter.
The longer biological half-life of persistent compounds is most likely a
result of their relative tissue-binding kinetics and the rate of their
biotransformation.

Ware and West (1977) concluded that halogenation of a

compound increased its resistance to biotransformation.

This, together with

the high affinity for adipose tissue, suggests that the chlorobenzenes are
persistent compounds; this is shown for fish in Table 5-5.
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The extent of halogenation also affects the rate of depuration.

Gup-

pies, Poecilia ret1culata, were exposed to a standardized m1xture of sh
chlorobenzenes

for

19

days

and

(Konemann and Van Leeuwan, 1980).

then

allowed

to

depurate

for

9 weeks

The ambient water concentration of each

chlorobenzene, the BCF and the slope of the elimination curve are shown 1n
Table 5-6.

While the chlorobenzenes as a group are persistent, halogenation

influences their rate of elimination.
The significance of biological persistence lies in the increased time of
physiological exposure for an individual organism and the greater probability for human exposure via environmental media.
No studies were available on the bioaccumulation of the chlorobenzenes
in

terrestrial

food

webs.

There are,

however,

no immediately apparent

reasons why the relationships between bioaccumulation and the physicochemical parameters demonstrated for aquatic systems are not applicable to the
terrestrial environment.

Generally, for air-breathing terrestrial species

such as humans, the atmospheric concentration of a compound is the primary
determinant of bioaccumulation because the frequency of air intake is much
greater compared to the ingestion of food or water.

This was apparent from

the analysis of ambient air and household tapwater samples taken from nine
homes 1n the Love Canal area of Niagara Falls. New York (Barkley et al .•
1980).

From these data, the expected total daily intake of dichloroben-

zenes by a 70 kg adult male for example, was nearly 300-fold greater from
air (0.119 mg/day) than from tapwater (3.36xl0- 4 mg/day).

This topic is

discussed more extensively in Sections 4.3. and 4.4.
Although the chlorobenzenes are volatile compounds and inhalation is the
expected primary route of human exposure, potentially high intake by other
routes cannot be ignored.

Therefore, bioaccumulation and internal exposure
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TABLE 5-6
Bioconcentration Factor and Slope of the Elimination Curve for
Guppies (Poecilia reticulata) Exposed to Six Chlorinated Benzenesa

Compound

Average Concentration Measured in
Water (ng/ml)

BCf b

Slope of
Eli mi nation
Curve (day- 1 )C

116

l.8xl0 3

1.00

1,2,3-Trichlorobenzene

48

l.3xl0 4

0.45

1,3,5-Trichlorobenzene

43

l.4xl0 4

0.40

1,2,3,5-Tetrachlorobenzene

12

7.2xl0 4

0.28

1,4-Dichlorobenzene

Pentachlorobenzene

1.2

2.6Xl0 5

0. 18

Hexachlorobenzene

0.3

2.9Xl0 5

0.062

asource:

Konemann and Van Leeuwan, 1980

bcalculated on the basis of fat weight (average fat weight = 5.4%)
CQnly 1,4-di- and hexachlorobenzene had single-phase elimination curves;
the second-phase slopes for the other compounds are excluded for simplicity.
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are multifactorial parameters dependent upon the chlorinated benzene concentrat1on 1n each of three environmental compartments and upon the relative
rate of absorption and elimination for each compound.

5.4.

SUMMARY
The chlorinated benzenes are a group of volatile compounds

the lower

chlorinated members of which readily evaporate to the atmosphere from soil
and water.

Point source releases of the chlorinated benzenes are readily

carried by prevailing winds and may be the primary source of measurable
hexachlorobenzene in industrially remote areas, although there also may be
concentration gradients around these point sources.

The high vapor pressure

and low water solubility of these compounds promotes their release to the
atmosphere

from

open

water

systems

or

their

association

with

organic

material that may either be incorporated into sediments or flow out of the
system.

Soils, depending on their type, readily allow the evaporation of

chlorobenzenes from pore spaces

to the atmosphere,

or.

depending on

the

relative affinity of the compound, release it as leachate.
Little information is available on the fate of the chlorinated benzenes
in air,

but one study concluded that

the atmospheric residence t1me in-

creased with an increase in chlorine substituents.

Laboratory studies with

smog chambers suggests photoca ta lys is may produce nitrobenzene. and nitropheno 1 or polychlorinated biphenyls (Dilling et al., 1976; Kanno and Nojima,
1979; Uyeta et al .• 1976).

The fate of the chlorobenzenes in water and soil

are similar, but the rates differ for each process (i.e .• biodegradation,
loss

to

the

atmosphere,

accumulation

in

the

biota,

physical

removal

by

outflow or leaching, or sequestration of the unaltered compound).
The chlorobenzenes are lipophilic compounds that bioaccumulate in animal
and human tissues after uptake from ambient air. water and food.
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The BCF

(Ussue concentraUon/med\a concentrat\on) \s an \nd1cator of b\oaccumulation and is determined by physiochemical parameters such as the water solub11Hy, the octanol/water partH1on coefficient and the number of substituent chlorine atoms

(Kenaga and Goring,

1980).

Physiological exposure

levels are determined by absorption, distribution, metabolism, elimination,
and storage in adipose tissue; thus, biologically persistent compounds, such
as the chlorobenzenes, produce prolonged physiological exposures.

5-21

6.
As mentioned briefly in

ECOLOGICAL EFFECTS
the previous chapters, chlorinated benzenes

occur in both the aquatic and terrestrial environments.

The concentrations

of these compounds in some areas suggest that wildlife may be exposed to
higher levels of chlorinated benzenes than those encountered by humans.
Although aquatic and terrestrial organisms are exposed, no data are avaUable on the toxic effects of chlorobenzenes at environmental concentrations
in natural populations.

Laboratory testing has shown that chlorobenzenes

have toxic effects on aquatic and terrestrial species and bioaccumulate in
exposed organisms.

6.1.

EFFECTS ON THE AQUATIC ENVIRONMENT
Data on the effects of chlorinated benzenes on freshwater or marine

organisms in their natural environment were not available.

Chlorobenzenes

have been shown to be acutely taxi c to aqua t1 c species in laboratory bfoassays.

The results of such acute toxicity bioassays can be used to deter-

mine relative toxicities of the various chlorobenzenes to various species.

6.1.1.

Effect on Freshwater and Marine Fish.

The acute toxicity of mono-

chlorobenzene has been reported for several species of freshwater and marine
fish (Table 6-1).

The most sensitive species appears to be the rainbow

trout,

Salmo gairdneri,

with 96-hour median lethal concentration (LC

values

ranging

3-5

between

mg monochlorobenzene/l

(Brasier,

1972;

Chemical Company, 1978b; Calamari et al., 1983; Dalich et al., 1982).

)
50
Dow

Blue-

gill sunfish (Lepomis macrochirus), fathead minnows (Pimephales promelas)
and

guppies

96-hour

(Lebistes

reticulatus)

were

moderately

tolerant

with

mean

LC

values ranging from 15.9-24.0, 31.5-33.9 and 45.5 mg/l,
50
respectively (U.S. EPA, 1978; Pickering and Henderson, 1966). The goldfish,

Carassius auratus, was the species most tolerant of monochlorobenzene with a
96-hour

LC

50

value

of

51.62

mg/ll.
6-1

(Pickering

and

Henderson,

1966).

TABLE 6-1
Acute Tox\c\ty Data for F\sh Spectes Exposed to Chlortnated Benzenes

Compound

Honochlorobenzene

O'I
I
N

Spec\es

ra\nbow trout
(Salmo ga1rdner1)

blueg\11 sunf\sh
(Lepom\s macroch\rus)

Duratton
(hour)

Hean
Concentrat\on
(mg/R.)

Hethod

96

3.58

constant-flow

LC50

24

1.8

NR

Lc5·0

B
96
96

5-10
3-5
4.7

stat \c
stat1c
constant-fl ow

LC100
LC50
LC50

48

4. la

IRSA

LD50

24
48
96
96
24

16. 9
15. 9
15. 9
15.9
7.80
24.00

stat1c
stat 1c
stat1c
stat 1c
stattc
stat 1c

LC50
LC50
LC50
LC50
None
LC5ob

48

24.00

stat1c

LC5ob

96

24.00

stat1c

LC5ob

24

17 .0

stat1c

LC50

96

16.0

stat1c

LC50

24

31.53

stat1c

LC5ob

48

31.53

stat1c

LC5ob

96

31.53

stat1c

LC5ob

24

39.19

stat1c

LC5oc

48

34.98

stat1c

LC5oc

96

33.93

stat 1c

Lc 50 c

72

fathead m\nnows
(P\mephales promelas)

Effect

Reference

Dow Chem\cal Co.,
1978b
Gtnger\ch and
Dal \ch, 1978
Bros\er, 1972
Bros\er, 1972
Dallch et al.,
1982
Calamart et al.,
1983
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
P\cker\ng and
Hender son, 1966
P\tker 1ng and
Henderson, 1966
P1cker1ng and
Henderson, 1966
Buccafusco et al.,
1981
Buccafusco et al.,
1981
P1cker1ng and
Hender son, 1966
P1cker1ng and
Hender son, 1966
P1cker1ng and
Hender son, 1966
P1cker1ng and
Henderson, 1966
P1cker1ng and
Henderson, 1966
P\cker\ng and
Henderson, 1966

TABLE 6-1 (cont.)

---

Compound

Monochlorobenzene (cont.)

Dura t 1on
(hour)

Mean
Concentrat1on
(mg/t)

24

73.03

stat1c

LC5ob

48

56.00

stat 1c

LC5ob

96

51.62

stat1c

LC5ob

24

45.53

stat1c

LC50

48

45.53

stat1c

LC50

96

45.53

stat1c

LC50

sheepshead m1nnow
(Cypr1nodon var1egatus)

24
48
96
96

>19.9
8.94
10. 50
6.20

stat1c
stat1c
stat1c
stat1c

LC50
LC50
LC50
None

U.S. EPA, 1978;
He1tmuller et al.,
1981

Brachydan1o rer1o

48

lo.sa

IRSA

LC50

Calamar1 et al.,
1983

ra1nbow trout
(Salmo ga1rdner1)

96

l.67

constant-flow

LC50

48

2.3a

IRSA

LC50

Dow Chem1cal Co.,
1978b
Calamar1 et al.,
1983

24
48
72
96
24

6.26
6.06
5.59
5.59
<3.20
6.3

stat1c
stat1c
stat 1c
stat1c
stat1c
stat 1c

96

5.6

stat1c

LC50

96d

27.0

stat1c

LC50

96

57.0

stat1c

LC50

48

76.3

stat1c

LC50

96

57.0

stat1c

LC50

Spec\ es

goldf1sh
(Carass1us auratus)

gupp1es
(Leb1stes ret1culatus)

O'I
I
t.:>

1,2-01chlorobenzene

blueg111 sunf1sh
(Lepom1s macr-0ch1rus)

96

fathead m1nnow
(P1mephales promelas)

Effect

Method

~

LC50
LC50
LC50
LC50
None
LC50

Reference

P1cker1ng and
Hender son, 1966
P1cker1ng and
Henderson, 1966
P1cker1ng and
Hender son, 1966
P1cker1ng and
Hender son, 1966
P1cker1ng and
Henderson, 1966
P1cker1ng and
Henderson, 1966

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Buccafusco et al.,
1981
Buccafusco et al.,
1981
Dawson et al., 1977
Curt1s and Ward,
1981
Curt1s et al.,
1979
Curt1s et al.,
1979

TABLE 6-1 (cont.)

Compound

l,2-D1chlorobenzene (cont.)

l,3-D1chlorobenzene

Durat1on
(hour)

Kean
Concentrat1on
(mg/l)

t1dewater s1lvers1de
(Ken1d1a berylllna)

96d

7.3

sheepshead m1nnow
(Cypr1nodon var1egatus)

24
48
72
96
96

Brachydan1o rer1o

48

6.8a

blueg111 sunf1sh
(Lepom1s macroch1rus)

24
48
72
96
96
24

Spec1es

Effect

Reference

stat1c

LC50

Dawson et al., 1977

stat1c
stat1c
stat I c
stat 1c
static

LC50
LC50
LC50
LC50
None

U.S. EPA, 1978;
He1tmuller et al.,
1981

IRSA

LC50

Calamar1 et al.,
1983

21.8
10.7
5.02
5.02
l. 70
22.0

stat1c
stat1c
stat1c
stat1c
stat1c
stat1c

LC50
LC50
LC50
LC50
None
LC50

96

5.0

stat1c

LC50

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Buccafusco et al.,
1981
Buccafusco et al.,
1981

fathead m1nnow
(P1mephales promelas)

96

12. 7

stat1c

LC50

Curt1s and Ward,
1981

sheepshead m1nnow
(Cypr1nodon var1egatus)

24
48

stat1c
stat1c
stat 1c
stat1c
stat1c

LC50
LC50
LC50
LC50
None

U.S. EPA, 1978;
He1tmuller et al.,
1981

96
96

8.46
8.04
8.04
7. 77
4. 18

24
48
72
96
96
24

4.54
4.37
4.37
4.28
<2.80
4.5

static
stat1c
static
stat1c
stat 1c
stat1c

LC50
LC50
LC50
LC50
None
LC50

96

4.3

stat1c

LC50

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Buccafusco et al.,
1981
Buccafusco et al.,
1981

:">
I
~

72

l,4-D1chlorobenzene

Ket hod

blueg111 sunf1sh
(Lepom1s macroch1rus)

9.66-12.9
9.26
9.66
9.66
7.22

,.

TABLE li-1 (cont.)

---

Compound

l,4-D1chlorobenzene (cont.)

Spec1es

fathead m1nnow
(P1mephales promelas)

Durat1on
(hour)

Mean
Concentrat1on
(mg/t)

%

30.0

stat 1c

LC50

24
48

35.4
35.4
33.7

stat1c
stat1c
stat1 c

LC50
LC50
LC50

stat1c
stat1c
stat 1c
stat1c
stat1c

LC50
LC50
LC50
LC50
None

U.S. EPA, 1978;
He1tmuller et al.,
1981

%

sheepshead m1nnow
(Cypr1nodon y_ar1egatus)

24
48
72
%
%

O'I
I

l,2,3-Tr1chlorobenzene

U'!

l,2,4-Tr1chlorobenzene

7.5-10.0
7.17
7.40
7.40
5.li

Method

Effect

Reference

Curt1s
1981
Curt1s
Curt1s
Curt1s

and Ward,
et al., 1979
et al., 1979
et al., 1979

ra1nbow trout
(Salmo ga1rdner1)

48

1. 18a

IRSA

LC50

Calamar1 et al.,
1983

Brachydan1o rer1o

48

4.25a

IRSA

LC50

Calamar1 et al.,
1983

ra1nbow trout
(.Salmo ga1rdner1)

48

o. 11a

IRSA

LC50

Calamar1 et al.,
1983

Brachydan1o rer1o

48

3. la

IRSA

LC50

Calamar1 et al.,
1983

ra1nbow trout
(Salmo ga1rdner1)

48

l. 95a

IRSA

Leso

Ca lamar 1 et al.,
1983

Brachydan1o rer1o

48

li.3a

IRSA

LC50

Calamar1 et al.,
1983

blueg1ll sunf1sh
(Lepom1s macroch1rus)

24
48
72
24

109.0
13.0
3.59
3.31i
<l.70
109.0

stat 1c
stat 1c
stat1c
stat1c
stat1c
stat1c

LC50
LC50
LC50
LC50
None
LC50

9b

3.4

stat1c

LC50

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Buccafusco et al.,
1981
Buccafusco et al.,
1981

24
48

>41i.8
>41i.8
>41i.8
21.4
14. Ii

stat 1c
sta t1c
stat 1c
stat 1c
stat1c

LC50
LC50
LC50
LC50
None

%
%

sheepshead m1nnow
(Cyprlnodon '!'arlegatus)

72
%

%

U.S. EPA, 1978;
He1tmuller et al.,
1981

TABLE 6-1 (cont.)

---

Compound

1,2,3,5-Tetrachlorobenzene

Spec1es

Durat1on
(hour)

1,2,4,5-Tetrachlorobenzene

Reference

Effect

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Buccafusco et al.,
1981
Buccafusco et al.,
1981

96
96
24

stat 1c
stat 1c
stat le
stat 1c
stat 1c
stat 1c

LC50
LC50
LC50
LC50
None
LC50

96

6.4

stat le

LC50

sheepshead m1nnow
(Cypr1nodon var1egatus)

24
48
72
96
96

>7.5
5.59
4.68
3.67
1.0

stat1 c
stat 1c
stat le
stat 1c
stat1c

LC50
LC50
LC50
LC50
None

U.S. EPA, 1978;
He1tmuller et al.,
1981

blueg111 sunf1sh
(Lepom1s macroch1rus)

24
48
96
96
24

5.69
4.35
1.55
1. 55
0.68
5.7

stat1c
stat1c
stat 1c
stat 1c
stat1c
stat1c

LC50
LC50
LC50
LC50
None
LC50

96

1.6

stat le

LC50

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Buccafusco et al.,
1981
Buccafusco et al.,
1981

24
48
96
96
96

>1.80
0.90
0.84
0.84
0.32
0.33

stat1c
stat le
stat le
stat1c
stat1c
flowthrough

LC50
LC50
LC50
LC50
None
LC50

24
48
72
96
96
24

2.27
0.55
0.30
0.25
<0.088
2.30

stat 1c
stat 1c
stat 1c
static
stat 1c
statlc

LC50
LC50
LC50
LC50
None
LC50

96

0.25

statlc

LC50

24
48

72

72

Pentachlorobenzene

Hethod

57.8
11. 5
8.34
6.42
<1.70
59.0

blueg111 sunf1sh
(Lepom1s macroch1rus)

72

era
I
era

Hean
Concentrat1on
(mg/1)

blueg111 sunflsh
(Lepomls macroch1rus)

U.S. EPA, 1978;
Heltmuller et al.,
1981
Ward et al., 1981
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Buccafusco et al.,
1981
Buccafusco et al.,
1981

--

.

lABLE 6-1 (cont.)

Compound

Spec1es

Durat1on
(hour)

Pentachlorobenzene (cont.)

sheepshead m1nnow
(Cypr1nodon var1egatus)

24
48

Hean
Concentrat1on
(mg/l)

72
96
96

Hexachlorobenzene

=-

Effect

Reference

>32.0
9.55
3.2-10.0
0.83
0.32

stat 1c
stat 1c
statlc
statlc
statlc

LC50
LC50
LC50
LC50
None

U.S. EPA, 1978;
He1tmuller et al.,
1981

stat 1c
statlc

None
None

Laska et al., 1978
Laska et al., 1978

largemouth bass
(H1cropterus salmo1des)

240
360

0.009-0.01
0.022-0.026

sheepshead m1nnow
(Cypr1nodon var1egatus)

96

0. 13

constant-flow

None

Parr\sh et al.,
1974

p1nf1sh
(Lagodon rhombo1des)

96

1.oe

constant-flow

None

Parrlsh et al.,
1974

ra1nbow trout
(Salmo ga1rdner1)

48

<0.03a

IRSA

LC50

Calamar1 et al.,
1983

Brachydan1o rer1o

48

<0.03a

IRSA

LC50

Calamar1 et al.,
1983

I

-i

Method

asoft water cond1t1ons:

pH = 7.4; hardness = 320 mg CaC03/l; oxygen = ~70%; temperature = l5°C for trout and 23°C for Brachydan1o

bsoft water cond1t1ons:

pH= 7.5; alkal1n1ty

CHard water cond1t1ons:

pH = 8.2; alkal1n1ty = 300 mg/l; hardness = 360 mg/l

=

18 mg/l; hardness = 20 mg/l

dfstlmated based on 24, 48, 72 and 96-hour tox1c1ty tests
eNomlnal concentratlon; because of solub111ty, actual concentratlon would be less
NR

= Not

reported

The mar1ne sheepshead m1nnow, Cypr1nodon var1egatus, was relat1vely sens1t1ve w1th a 96-hour Lc

value of 10.5 mg/ll.

50

EPA,

(U.S.

1978; Heitmuller

et al., 1981).
The acute tox1city of 1,2-dichlorobenzene was stud1ed 1n several freshwater and marine fish (see Table 6-1).

Ra1nbow trout,

most sensitive species reported with an LC

50

~.

value of 1.67 mg/ll. follow-

ing a 96-hour exposure (Dow Chemical Company, 1978b).
and

Buccafusco et al.

for

the

bluegill

(1981)

sunfish,

reported 96-hour Lc
macrochirus,

1=_.

reported a value of 27 .0 mg/ll. for
promelas,

was

value

57.0 mg/ll.

of

the most

resistant

(Curtis

50

while

th1s species.
species

et al.,

tested,

1979;

ga1rdneri, was the

The U.S. EPA (1978)
values near 5.6 mg/ll.

Dawson

et

al.

(1977)
~·

The fathead minnow,
having

a

Curtis and Ward,

96-hour
1981).

Lc

50
Two

marine species, the tidewater silverside (Menidia beryllina) and the sheepshead minnow

(£.

variegatus),

values of 7.3 and 9.7 mg/!I.,

were moderately sensitive with 96-hour Lc

50

respectively (Dawson et al., 1977; U.S. EPA,

1978; Heitmuller et al., 1981).
The 1,3- isomer of dichlorobenzene was tested for acute tox1city in two
species of freshwater fish and a single marine species.
96-hour Lc
5.02

and

Buccafusco

50

values for bluegill sunfish, 1=_. macroch1rus, were 21.8, 10.7,

5.02

mg

et

al.,

1,3-dichlorobenzene/ll.,

mg/ll. in the bluegill

1981).

and Ward, 1981).
48,

50

EPA,

respectively

no-observed-effect
1978).

(U.S.

level

EPA,

(NOEL)

The fathead minnow,

~·

was

1978;
1. 7

promelas,

value of 12. 7 mg 1,3-dichlorobenzene/!I. (Curt1s

In the marine species, sheepshead minnow(£. variegatus),

72 and 96-hour Lc

respectively.

The

(U.S.

had a static 96-hour Lc

24,

The 24, 48, 72 and

50

values were 8.46, 8.04, 8.04 and 7.77 mg/t,

The NOEL was 4.18 mg/ll. (U.S.

1981 ) •

6-8

EPA, 1978; Heitmuller et al.,

Rainbow trout, b 1uegi11 sunfish, fathead minnows and sheepshead minnows
were the species tested to study the static acute toxicity of 1,4-dichlorobenzene.

Rainbow

tested,

with

48-hour

Lc

The bluegill

sunfish

(L.

values of 4.54,
al.,

4.37,

gairdneri,

values

50

of

was

the

1.18 mg/I.

macrochirus)

most

(Calamari

showed 24, 48,

4.37 and 4.28 mg/!l.

(U.S.

sensitive

species

et al.,

1983).

72 and 96-hour Lc

EPA,

1978;

50

Buccafusco et

The NOEL for this species was reported to be <2.8 mg 1 ~4-di

1981).

chlorobenzene/I.
values

~-

trout,

for

1978).

minnows(~.

fathead

respectively

EPA,

(U.S.

(Curtis

et

al.,

The

48~

24,

and

96-hour

promelas) were 35.4,
1979).

The

marine

static

LC

50

35.4 and 33.7 mg/t,

sheepshead

minnow,

~-

variegatus, was intermediate in sensitivity to 1,4-dichlorobenzene, having a
96-hour

LC

of 7.4 mg/I.
50
Heitmuller et al., 1981).
1,2,4-Trichlorobenzene
species.

mg/!I.

The 48-hour LC

(Calamari

estimated
48,

LC

50

et

s,

al.,

and

has

been

of

tested

5.6

mg/!!.

for

on

In

the

nominal

(U.S.

acute

bluegill

1978;

to

fish

gairdneri, was 1.95

sunfish

concentrations,

EPA,

toxicity

~-

value for rainbow trout,

50

1983).

based

NOEL

were

(!:..

macrochirus)

reported

for

24,

72 and 96-hour exposures at 109.0, 13.0, 3.59 and 3.36 mg 1.2,4-tri-

chlorobenzene/l

(U.S.

EPA,

1978;

<l. 7 mg/l for the sunfish.
tolerant with 24,
Lc

a

50

mg/l
zene,

value

of

(U.S.

EPA.

rainbow

Buccafusco et al.,

The sheepshead minnow,

48 and 72-hour LC

21.4
1978;

trout,

mg/t.

The

Heitmuller
~-

50

NOEL

~·

The NOEL was

variegatus, was more

values >46.8 mg/l and
for

et al.,

gairdneri,

1981).

this
1981).

marine

the 96-hour

species

was '14.6

For 1,2,3-trichloroben-

showed a 48-hour

LC

50

value of

0. 71

mg/l (Calamari et al., 1983), and is thus more aquatically toxic than the
1,2,4- isomer.

The corresponding LC

50

mg/t (Calamari et al., 1983).
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value for Brachydanio rerio was 3.1

The

toxic1ty of

tested 1n fish.

only

l ,2,3,5- and 1,2,4,5-tetrachlorobenzene has

been

These two isomers differ dramatically in their lethality to

bluegnl sunfish and sheepshead m1nnows.

The 24, 48, 72 and 96-hour LC

50
values for the 1,2,3,5- isomer in bluegills {L. macrochirus) and sheepshead

minnows

{f.

variegatus)

were

57.8,

ll.5,

8.34 and

6.42 mg/R.

and

>7.5,

5.59, 4.68 and 3.67 mg/R., respect1vely {U.S. EPA, 1978; Buccafusco et al.,
1981;

Heitmuller

et al.,

1981;

Ward

et

al.,

1981).

The NOELs

for

the

bluegill and sheepshead minnow were <l.70 and 1.0 mg l,2,3,5-tetrachlorobenzene/R.,

respectively.

The

1,2,4,5- isomer

times more lethal to the fish species tested.
and 96-hour Lc
1.55

mg/R..

50

In

was,

in

some

cases,

10-ll

For example, the 24, 48, 72

values 1n the bluegill sunfish were 5.69, 4.35, 1.55 and
the

sheepshead

minnow,

the

LC

values ranged from
50
>1. 80-0. 33 for 24 through 96-hour exposures {see Tab 1e 6-1 for comparison)
(U.S. EPA, 1978; Heitmuller et al., 1981; Ward et al., 1981).

NOELs for the

1,2,4,5- isomer

for

were

reported

to

be

0.68

and

0.32

mg/R.

bluegill

sunfish and sheepshead minnows, respectively.
The acute toxicity of pentachlorobenzene was studied in the freshwater
bluegill sunfish and the marine sheepshead minnow {U.S. EPA, 1978; Buccafusco et al., 1981; Heitmuller et al., 1981).

The static Lc

50

values for

24, 48, 72 and 96-hour exposures were 2.27, 0.55, 0.30 and 0.25 mg/R. for
the bluegill

sunfish

C.b.·

macrochirus) and >32.0, 9.55,

mg/R. for the sheepshead minnows

{f.

var i ega tus).

3.2-10.0 and 0.83

NOE Ls for b 1uegi11 sun-

fish and sheepshead minnows were <0.088 and 0.32 mg pentachlorobenzene/9.,
respectively.
Because of the low water solubility of hexachlorobenzene, acute toxicity
testing of

this

compound has

been conducted at

6-10

low concentration

levels

only.
9-10

Largemouth black bass, Micropterus salmoides, exposed for 10 days at
µg/!l.

or

exposed

for

15

effects (Laska et al., 1978).

days

at

22-26

Sheepshead minnows,

µg/l,

£.

showed

no

toxic

variegatus, exposed at

0.13 mg/!l. and pinfish, Lagodon rhomboides, exposed to a nominal concentration

of

1.0 mg/l

(actual

concentration would

be

less

because of

low

aqueous solubility) for a 96-hour period showed no toxic effects (Parrish et
al., 1974).

But rainbow trout, .§.. gairdneri, and Brachydanio rerio showed

48-hour Lc 50 values of <0.03 mg/!l. (Calamari et al., 1983).
Subchronic toxicity testing has been conducted on monochlorobenzene in
rainbow trout, S. gairdneri

(Dalich et al., 1982).

Groups of fish were

exposed to 2.1 or 2.9 mg monochlorobenzene/l for 15 or 30 days.

Treated

fis·h did not accept food during at least the first 15 days of treatment.
Neither concentration of monochlorobenzene resulted in any deaths during the
exposure periods, but loss of equilibrium was reported in most treated fish.
Liver

toxicity,

determined

by

enzyme

levels,

and

histological

hepatic

changes were reported in trout treated at both exposure levels (Oalkh et
al., 1982).
Studies conducted by the U.S. EPA (1978, 1980a) resulted in chronic
toxicity values

(NOELs) for many of the chlorinated benzenes in fathead

minnows and/or sheepshead minnows (Table 6-2).
During bioaccumulation
chirus,

fish

chlorobenzene
14

days.

for

exposed

(107 .0

µg/!l.)

Similarly,

chlorobenzene
tested

were

to

the bluegill

1,2-dichlorobenzene

and

µg/!l.)
in

and

(2.87

No deaths or

~·

µg/l),

(10.1

µg/!l.),

pentachlorobenzene

the bluegill.

sunfish,

(7.89

1,4-dichlorobenzene

1,2,4-trichlorobenzene

(7.72

28 days

testing with

(5.15

macro1,3-di-

µg/!l.)

for

1,2,3,5-tetraµg/!l.)

were

toxic effects were

reported for any of the chlorinated benzenes at the exposure levels tested
(Barrows et al., 1980).
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TABLE 6-2
Chronic Toxicity Values of Chlorinated Benzenes in Fish

Chemical

O'I
I
--'

Species

Chronic Value*
(µg/!I.)

Range
(µg/!1.)

Reference

1,2-Dichlorobenzene

fathead minnow
(Pimephales promelas)

2000

1600-2500

U.S. EPA, 1978

1,3-Dichlorobenzene

fathead minnow
(Pimephales promelas)

1510

1000-2270

U.S. EPA, 1980a

1,4-Dichlorobenzene

fathead minnow
(Pimephales promelas)

763

560-1040

U.S. EPA, 1980a

1,2,4-Trichlorobenzene

fathead minnow
(Pimephales promelas)

286

200 410

U.S. EPA, 1978

705

499-995

U.S. EPA, 1980a

sheepshead minnow
(Cyprinodon variegatus)

222

150-330

U.S. EPA, 1978

1,2,3,4-Tetrachlorobenzene

fathead minnow
(~jm~Ph~]~ i:>romelas)

318

245-412

U.S. EPA, 1980a

1,2,4,5-Tetrachlorobenzene

sheepshead minnow
(Cyprinodon variegatus)

129

92-180

U.S. EPA, 1978

I'\)

*NOE Ls

Limited

data

are

benzenes in fish.

available

on

the

pharmacokinetics

of

chlorinated

Uptake of 1,2,4-trichlorobenzene from the water (0.012

mg/ll.) was rapid in the rainbow trout,

~·

gairdneri, with bile and liver

concentrations exceeding 100 times the water levels within hours (Melancon
and Lech, 1980).

Niimi and Cho (1980) reported that rainbow trout absorbed

and accumulated hexachlorobenzene from their diet and body levels could
increase

15 µg/kg

body weight/day

in a dose-dependent manner.

Later,

Oliver and Niimi (1983) reported evidence indicating that all chlorinated
benzenes studied (l,2-di, 1,3-di, 1,4-di, 1,3,5-tri, 1,2,4-tri, 1,2,3-tri,
1,2,4,5-tetra,

1,2,3,4-tetra,

penta- and

absorbed from the aqueous environment.

hexachlorobenzene)

could

be

Zitko and Hutzinger (1976) reported

the uptake and accumulation of hexachlorobenzene from food or water in
juvenile Atlantic salmon, Salmo salar.
Monochlorobenzene seems

to be metabolized by

the

liver since liver

toxicity, including degeneration of hepatocytes and necrosis, was reported
in treated rainbow trout (Gingerkh and Dalich, 1978).

A model1ng study by

Lu and Metcalf (1975) suggested that chlorobenzene is metabolized to o- and
p-chlorophenol in the mosquito fish, Gambusia affinis.
Studies

on

the metabolism and biotransformation of 1,2,4-trichloro-

benzene in rainbow trout

(~.

gairdneri) and carp (Cyprinus carpio) suggested

that conjugated metabolites occur in the liver and bile (Melancon and Lech,
1980).

A

hepatic

mixed-function

oxidase

inducer

(~-naphthoflavone)

elevated the hepatic and biliary levels of biotransformation products of
1,2,4-trichlorobenzene.

In the mosquito fish, §.. affinis, absorbed hexa-

ch lorobenzene is predominantly unchanged, but two uni dent ifi ed metabolites
were reported (Lu and Metcalf, 1975).
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Accumulated

chlorinated

benzenes and/or

distributed throughout the body in fish.

their metabolites

seem to be

The highest concentrations have

been detected in the bile, liver and muscle (Melancon and Lech, 1980).

The
?·-.

bioconcentration of chlorinated benzenes increased as the degree of chlorination of the test compound increased (Oliver and Niimi, 1983).
tration

factors

(BCFs}

for

many of

the chlorinated
(~.

(Poeci lia reticulata} and rainbow trout

Bioconcen-

benzenes

in guppies

gairdneri) are shown in Table

6-3 (Konemann and van Leeuwen, 1980; Oliver and Niimi, 1983).

More complete

data on BCFs in fish are reported in Section 5.3 of this document.
The excretion rate of chlorinated benzenes
extent of chlorination of the compound.
reported

that

in fish is related to the

Konemann and van Leeuwen (1980)

l ,4-d1chlorobenzene is excreted within several

trichlorobenzenes

required

nearly

25

days,

tetrachlorobenzene

days, while
nearly

50

days, and penta- and hexachlorobenzene required >50 days for elimination.
After

termination of exposure,

eliminated in two stages.
days,

while

1,2,4-trichlorobenzene and metabolites are

The first had a half-life of elimination of 0.4

the second was

comparison, Branson et al.

eliminated more slowly

(t

= 50 days}.
In
112
(1975) reported half-lives for elimination of

dichlorobenzene and hexachlorobenzene to be 1.1 and 12.l days, respectively.
Sanborn et al. (1977) estimated the half-life for elimination of hexachlorobenzene

in

the

green

sunfish,

1_.

cyanellus,

to

longest time was for elimination from the liver.

be 8.0-19.6

days.

The

The biological half-life

of hexachlorobenzene was estimated to be from 7 months to several years in
rainbow trout (Niimi and Cho, 1981).

6.1.2.

Effect on Aquatic Crustaceans.

and marine crustaceans,

which are an

In addition
important

to

element

fish,

freshwater

in aquatic

food

chains, are exposed to chlorobenzenes in the environment (Grzenda et al.,
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TABLE 6-3

B\oconcentrat\on Factors of Some Chlor\nated Benzenes in Two Fish Species

Species

Exposure
Level

Compound

BCF

Reference

(µg/t)

Rainbow trout
Salmo gairdneri

Guppy
Poecilia reticulata

1,2-di-

47.0
940.0

270
560

1,3-di-

28.0
690.0

420
740

1,4-di-

28.0
670.0

370
720

l,3,5-tri-

2.3
45.0

1,800
4. 100

1,2,4-tri-

3.2
52.0

l, 300
3,200

l,2,3-tr1-

4.3
72.0

1. 200
2,600

1,2,4,5-tetra-

l. 0
21.0

5,300
13,000

1,2,3,4-tetra-

1.4
26.0

5,200
12,000

pen ta-

0.34
9.3

13,000
20,000

hexa-

0.32
8.0

12,000
20,000

1,4-dil,2,3-tri1,3,5-tri1,2,3,5-tetrapen tahexa-
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116.0
48.0
43.0
12 .0
l .2
0.3

1,800
13,000
14,000
72,000
260,000
290,000

Oliver and Niimi,
1983

Konemann and
van Leeuwen, 1980

1964).

Laboratory tesUng of the chlorinated benzenes has provided acute

tox1c1ty data for several species of crustaceans (Table 6-4).
The U.S. EPA (1978) reported most of the available data in which mono-.
1.2-di-. 1.3-di-. 1.4-di-.

1.2,4-tri-,

1,2.3.5-tetra-,

1,2,4.5-tetra- and

pentachlorobenzene toxicities were tested in the water flea (Daphnia magna)
and

the

mysid

shrimp

(Mysidopsis

bah1a).

Other

available

studies

on

specific chlorinated benzenes tested in specific species were noted in Table
6-2.

Generally, the more chlorinated benzenes appear to be more toxic.

For

example, the 96-hour LC 50 values in mys id shrimp were 16.4, 1.97, 0.34 and
0.16 mg/2. for mono-, 1,2-di-, 1,2,3.5-tetra- and pentachlorobenzene.
respectively.

Data on the toxicity of the 1,2,3,5- and 1,2.4,5-tetrachloro-

benzenes indicate that crustaceans, unlike that in fish. the 1,2.3,5- isomer
is more toxic.

Because of the very low solubility of hexachlorobenzene in

aqueous solutions, data on the toxicity of this compound are limited.

One

study (Laska et al., 1978) reported no toxic effects in crayfish, Procambarus clark1i, exposed (unspecified interval) to a saturated aqueous solution

of

hexachlorobenzene

(estimated

to

be

-0.02 mg/R.).

The

24-hour

inmobilization concentrations of several chlorobenzenes for water fleas,
Daphnia magna. using the AFNOR test were:
1.2-dichlorobenzene

(0.78

mg/R.);

monochlorobenzene (4.3 mg/R.);

1,4-dichlorobenzene

(<0.03

mg/R.)

(Calamari et al., 1983).
6.1.3.

Embryotoxic and Reproductive Effects.

Wild Atlantic salmon (Salmo

salar) eggs, collected from different sites, contained different levels of
hexachlorobenzene (0.086, 0.132, 0.142 and 0.159 µg/g lipid in eggs).

No

correlation between hexachlorobenzene levels and egg-hatchability was demonstrated (Zitko and Saunders, 1979).

Eggs also contained other environmental

contaminants such as PCBs and organochloride pesticides.
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TABLE 6-4
Acute Tox1c1ty Data for Crustaceans Exposed to Chlorlnated Benzenes

Compound

-

Specles

Duratlon
(hour)

Mean
Concentratlon

Method

Effect

Reference

(mg/l)

.

Monochlorobenzene

water flea
(Daphnla magna)

mysld shrlmp
(Mys1dops1s bah1a)

24
48
48
24

140.0
86.0
10.0
4.3

s ta tlc
stat le
stat 1c
AF NOR

LC50
LC50
None
IC50

24
48

24.7
24.7
24.7
16.4
<11. l

stat 1c
stat 1c
stat le
stat 1c
stat1c

LC50
LC50
LC50
LC50
None

U.S.
U.S.
U.S.
U.S.
U.S.

stat1c
stat le
stat1c
AF NOR

LC50
LC50
None
IC50

U.S. EPA, 1978;
LeBlanc, 1980

U.S.
U.S.
U.S.
U.S.
U.S.

Curt1s
1979
Cur t1 s
1979
Curt 1s
1979
Curt1s
1981

72
96
96

l,2-D1chlorobenzene

water flea
(Daphnla magna)

Calamarl et al.,
1983
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978

24
48
48
24

2.44
2.44
0.36
0.78

24
48
72
96
96

4.75
4.52
3.88
1.97
<l.29

stat le
statlc
sta tlc

LC50
LC50
LC50
LC50
None

24

14.3

stat le

LC50

48

10.3

stat1c

LC50

96

9.4

stat 1c

LC50

96

10.4

stat le

LC50

water flea
(Daphn1a magna)

24
48
48

47.8
28.1
6.0

stat le
stat 1c
stat 1c

LC50
LC50
None

U.S. EPA, 1978;
LeBlanc, 1980

mys1d shr1mp
(Mys1dops1s bah1a)

24
48
72

stat 1c
stat 1c
stat 1c
stat 1c
stat 1c

LC50
LC50
LC50
LC50
None

U.S.
U.S.
U.S.
U.S.
U.S:

O'>
I
__,
.....i

mys1d shr1mp
(Mys1dops1s bah1a)

grass· shr 1mp ·
(Palaemonetes J!.!!!11Q)

1,3-D1chlorobenzene

U.S. EPA, 1978;
LeBlanc, 1980

96
96

7.31-13.06
5. 14
4.06
2.65
<l .30

~~le
s·ta t le

Calamari et al.,
1983
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978

et al.,
et a 1. ,
et al . ,
and Ward,

EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1976
1978
1978

1A8LE 6-4 (cont.)

---

Compound

1,4-Dtchlorobenzene

Species

water flea
(Daphnla magna)

mys1d shrtmp
(Hys1dopsts bahla)

grass shr Imp
(Palaemonetes P!!!liQ.)

aI
_,

Duration
(hour)

Effect

Reference

U.S. EPA, 1978;
Le8lanc, 1980

41.5
11.0
0.68
1.6

stat t c
stattc
stattc
AF NOR

LC50
LC50
None
IC50

24
48
72
96
96

5.6-10.0
5.35
4.31
1.99
<1.0

stat le
static
stat I c
stat1c
stat le

LC50
LC50
LC50
LC50
None

U.S.
U.S.
U.S.
U.S.
U.S.

48

129.2

static

LC50

96

69.0

stattc

LC50

96

60.0

stattc

LC50

Curtis et al..
1979
Curt ls et al..
1979
Curtis and Ward,
1981

AF NOR

IC50

ca lamar I et al. •
1983

stat le
stat le
stat1c
AF NOR

LC50
LC50
None
IC50

U.S. EPA, 1978;
LeBlanc, 1980

96

>l.46
>l.46
0.76
0.45
0.09

stat1c
stat1c
stat le
stat le
stat le

LC50
LC50
LC50
LC50
None

U.S.
U.S.
U.S.
U.S.
U.S.

water flea
( Daphnla magna)

24

1,2,4-Trlchlorobenzene

water flea
(Daphnla magna)

24
48
48
24

mys1d shr1mp
(Kys1dops1s bah1a)

Ket hod

24
48
48
24

1,2,3-Trlchlorobenzene

CXl

Hean
Concentratton
(mg/l)

24
48

. 72

96

0.35
114.0
50.2
<2.4
1.2

Calamari et al ..
1983
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978

Calamar1 et al.,
1983
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978

l,3,5-Tr1chlorobenzene

br1ne shrimp
(Artem1a sallna)

168

10.0

stat le

LC100

Grosch, 1973

1,2,3,5-Tetrachlorobenzene

water flea
(Daphnla magna)

24
48
48

18.1
9.71
<l. l

stat le
stat le
stat1c

LC50
LC50
None

U.S. EPA, 1978;
Le8lanc, 1980

mysld shrimp
(Hysldops1s bahla)

24
48

0.96
0.36
0.34
0.34
0.10

stat1c
static
stat le
stat 1c
stat 1c

LC50
LC50
LC50
LC50
None

U.S.
U.S.
U.S,
U.S.
U.S.

72

96
96

EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978

TABLE 6-4 (cont.)

Compound

1,2,4,5-Tetrachlorobenzene

Spec1es

Duratlon
(hour)

Reference

U.S. EPA, 1978;
LeBlanc, 1980

96

3.2-5.6
1.99
1.48
1.48
0.6

stat1c
stat1c
stat le
stat 1c
stat le

LC50
LC50
LC50
LC50
None

U.S.
U.S.
U.S.
U.S.
U.S.

water flea
(Daphn1a magna)

24
48
48

17 .2
5.28
1. 3

statlc
stat1 c
s tat1 c

LC50
LC50
None

U.S. EPA, 1978;
LeBlanc, 1980

mysld shrlmp
(Mysldopsls bah1a)

24
48
72
96
96

0.75
0. 72
0.24
0.16
<0.06

statlc
s ta tlc
stat le
stat le
statlc

LC50
LC50
LC50
LC50
None

U.S.
U.S.
U.S.
U.S.
U.S.

water flea
(Daphn1a magna)

24

<0.03

AF NOR

IC50

Calamarl et al.,
1983

swamp crayflsh
(Procambarus clarkll)

NR*

saturated*

statlc or
flowthrough*

No toxlc
effects

Laska et al.,
1978

shrlmp
(Crangon septemsplnosa)

96

statlc

No mortality

1'4cleese and
Metcalfe, 1980

mys1d shrlmp
(Hys1dopsls bah1a)

24
48
72

I
_,

Hexachlorobenzene

Effect

LC50
LC50
None

24
48
48

a>
&D

Method

stat1c
stat 1c
statlc

water flea
(Daphn1a magna)

96

Pentachlorobenzene

Hean
Concentrat1on
(mg/l)
>530.0
>530.0
320.0

0.0072

EPA,
EPA,
EPA,
EPA,
EPA,

EPA,
EPA,
EPA,
f:PA,
EPA,

1978
1978
1978
1978
1978

1978
1978
1978
1978
1978

*Toxlclty test1ng was conducted for an unspeclfled perlod wlth a saturated aqueous solutlon of hexachlorobenzene ln both statlc and flowthrough
systems.
NR = Not reported
LC50 =Lethal concentratlon for 5°" of an1mals; IC50 = 1mmob111zat1on concentratlon for 50% of anlmals

The

toxic

effects of monochlorobenzene on egg and embryo development

were studied in the laboratory with largemouth bass (Micropterus salmoides).
goldfish

(Carassius auratus)

flowthrough

system

CaC0 ) water
3

w1th

and rainbow

both

hard

(Birge et al..

trout

(200

1979).

(Salmo gairdneri)

mg/1

CaC0 )
3

With trout.

and

soft

us1ng a
(50

mg/II.

exposure to 0.09. 0.31.

1.60, 4.27 and 32.0 mg monochlorobenzene/!1. was 1nitiated 20 minutes after
fertilization
days).

and

continued

for

conditions (Table 6-5).
be

were

(hatching

t1me for

1s 23

<0.09

mg/!!.

exposed

1-2

the exposure period in hard and soft ·water

The Lc

(Birge

et

hours

50

al.,

for trout embryos was therefore reported
1979).

Largemouth

postfertilization

through

bass

(Average hatching time for bass is 3.5 days.)

concentrations

ranged from 0.013-27.3 mg/II. for

mg/2. for

hard water conditions.

exposure

Percent hatchab1lity was

to 0.013.

respectively.

1n soft water

hatching

bass

for

value ~or

Table 6-5).
exposure
days.)

4 days

Chlorobenzene

reduced to 72.

respectively. in hard

Percent survival of bass larvae at 4 days posthatching was 80. 60

and 24% after

50

unt11

soft water and 0.009-23.2

25 and 4% of controls at 0.15. 3.10 and 23.2 mg/!!..
water.

embryos/larvae

hatching

posthatching.

LC

trout

Complete lethality of the trout embryos occurred at all monochloro-

benzene concentrations within

to

16 days

Goldfish.

during

conditions.

larvae was

embryos

reported

exposed
~·

0.038 a·nd 0.16 mg monochlorobenzene/11..

until

The
to

Lc

be

50

value at 4 days post-

0.05-0.06 mg/!!..

hatching

was

0.34-0.39

while
mg/!!.

the
(see

auratus, were more tolerant to monochlorobenzene

development.

(Average

hatching

time

for

goldfish

is

4

The Lc

values for embryos exposed until hatching and embryos/
50
larvae exposed until 4 days post-hatching ranged from 2.37-3.48 mg/II. and

0.88-1.04

mg/II.,

respectively

(see

Table

6-20

6-5).

Abnormal

bass

larvae

TABLE 6-5
Embryo-Larval Toxicity of Monochlorobenzene to Goldfish, Largemouth Bass
and Rainbow Trout in Soft and Hard Watera

Soft Water
(50 mg/l as CaC03)

Hard Water
(200 mg/t as CaC03)

Exposure in
Days Beyond
Egg Hatching

LC50
(mg/l)

95%
Confidence
Limits

LC50
(mg/l)

95%
Confidence
LimHs

Goldf1shb

0
4

3.48
0.88

3.08-3.87
0.67-1.12

2.37
1.04

1.96-2.86
0.86-1.25

Largemouth bassc

0
4

0.34
0.05

0.22-0.51
0.04-0.07

0.39
0.06

0.25-0.58
0.04-0.08

Rainbow troutd

r;_/

<0.09

Species

asource:

NA

<0.09

NA

Birge et al., 1979

bRequire ~4 days from spawning to hatching; thus, exposure of the
hatched larvae for 4 additional days resulted in a total of 8 days of
continuous exposure.
CRequire ~3.5 days from spawning to hatching; thus, exposure of the
hatched larvae for 4 addHional days resulted in a total of 7 .5 days of
continuous exposure.
dRequire ~23 days from spawning to hatching;
dead by 16 days after fertilization.
NA

=

Not applicable
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all

exposed embryos were

occurred in 2, 13, 42 and 100% of those hatching after exposure to 0.04,
3.1

0.15,

and

23.2

mg/R.,

respect1vely,

during

embryonic

development.

Abnormal goldf1sh larvae were less prevalent (B1rge et al., 1979).
The embryo and larval toxicity of 1,2,4,5-tetrachlorobenzene was tested
in sheepshead

minnows,~·

variegatus.

Within 4 hours after assurance of

fertilization, embryos were exposed to 0.06, 0.09, 0.18, 0.30 and 0.52 mg
1,2,4,5-tetrachlorobenzene/1

until

hatching;

thereafter,

exposure

larval and juvenile fish was continued for an add1tional 28 days.

of

Hatching

success of embryos was not s1gnificantly decreased at any exposure level.
Juvenile mortality was significantly (p<0.05) 1ncreased in fish exposed to
>0.18 mg 1,2,4,5-tetrachlorobenzene/1 (Table 6-6).

The maximum acceptable

toxicant concentration (MATC) for embryos and juvenile sheepshead minnows
exposed

to

1,2,4,5-tetrachlorobenzene

was

estimated

to

range

between

0.09-0.18 mg/It..
The embryo and larval toxicity of trichlorobenzene (isomer not specified) was studied 1n American oysters (Crassostrea virg1nica) and the hard
clam

(Mercenaria

mercenaria)

(Davis

and

Hindu,

1969).

Exposure which

convnenced soon after fertilizat1on and embryo development was determ1ned 48
hours later.

To determine larval survival, 2-day-old larvae (hatched under

normal conditions) were exposed for 10 days (for clams) or 12 days (for
oysters) before quantitative sampling.

At 1.0 and 10.0 mg trichloroben-

zene/1, egg survhal and normal embryo development in oysters was 59 and
21%, respectively, of control cultures.

In clams treated with l.O and 10.0

mg trichlorobenzene/1, embryo development was reduced to 72 and 58% of
controls.

Survival of clam larvae exposed to 1.0 and 10.0 mg trichloroben-

zene/1 was 108 and 69% of controls, respectively, w1th no change in larval
length.

Based on toxicity data, Davis and Hindu (1969) reported a 48-hour
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TABLE 6-6
Results of 1,2,4,5-Tetrachlorobenzene Tests with Embryo to Juvenile
Sheepshead Minnows in Continuous-Flow Natural Seawatera

Nominal
Concentratlon
(mg/t)

Measured
Concentrationb
(mg/t}

Hatching
Success

Juvenne
Mortalityc

Standar::d Length
of Juven1les

(%}

(%}

(nvn}

Control

ND

84

21

11+2

Solvent control

NO

85

25

12+3

0. l 2

0.06+0.04

76

16

10+3

0.25

0.09+0.04

81

41

12±.2

0.5

0.18+0.07

91

54d

10+3

l.O

0. 30+0 .16

83

79d

12+ l

2.0

0.52+0.33

67

gad

12+oe

asource:

Ward et al., 1981

bvalues expressed as mean ±. standard deviation
CAt 28 days after hatching
dsignif icantly greater than control at p<0.05
eonly one fish survived: the 96-hour LC50 for
with 95% confidence limits of 0.12-0.94 mg/t.
ND

=

Not detectable (<0.007 mg/t)
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juven1les was 0.33 mg/t

LC 50

of

3.13

mg/i

for

oyster

embryos

and

48-hour

and

12-day

Lc 50

values of >10.0 mg/i for clam embryos and larvae.
The effects of 1,3,5-trichlorobenzene on the reproductive performance in
brine shrimp, Artemia salina, were· reported by Grosch (1973).

Ten pairs of

adult shrimp were exposed to 10 ppm 1,3,5-trichlorobenzene for 24 hours and
studied for

their lifetime for reproductive performance.

The lifespan of

treated adult females was significantly (p<0.05) reduced.

The number of

broods, number of zygotes, and larval survival rate were all signif1cantly
reduced in exposed cultures (Table 6-7).

The author discussed the possi-

bility that brood number and zygote number were related to the decreased
lifespan of adult females,

but discounted

this as

the sole cause after

computations showed a decrease in the brood s1ze (Grosch, 1973).

Cultures

of Artemia salina that were continuously exposed to 10 mg 1,3,5-trichlorobenzene/i survived <l week and produced no viable embryos.

6.1.4.

Effect on Aquatic

Plants.

content

in

algae,

(effective concen50
tration for 50% of the algae to show the effect) for reduced chlorophyll ~
the freshwater

monochlorobenzene was
bition of growth and

EC

Selenastrum capricornutum,

232 mg/2. (Table 6-8).

The 96-hour

treated with

for inhi50
the reported NOEL were 224 and <111 mg/i, respec-

tively (U.S. EPA, 1978).
to Table 6-8.).

The 96-hour

Ec

(For more complete toxicity data for algae refer

Toxicity of 1,2-, 1,3- and 1,4-dichlorobenzene was somewhat

varied when comparing 96-hour EC
of

91.6,

179

and

98.l,

values for reduced chlorophyll content
50
respectively.
The general trend of increasing

toxicity with increased chlorine substitution is seen with 1,2,4-trichlorobenzene,

tetrachlorobenzenes and pentachlorobenzene

(see Table 6-8).

The

1,2,3,5- isomer of tetrachlorobenzene appears to be 2- to 3-fold more toxic
than the 1,2,4,5- isomer in this freshwater algae,

6-24

~·

capricornutum.

The

TABLE 6-7
Adult Lifespan and Reproductive Performance of Br\ne Shr\mp
Exposed to 1,3,5-Tr\chlorobenzenea,b

Adults:
Survival {in days)
c
Males
d
Females
e
Number of broods {per pair)
Offspring:
f
Total number of zygotes· produced
f
Cysts produced (%)
f
Cysts hatched (%)
f
Survival of larvae (%)
f
Sex ratio (no. males/no. females)
Adaptive values (ratio of average
no. of matured offspring per pair
exposed to 1,3,5-trichlorobenzene/
average no. of matured offspring
per pair in acetone controls)f
asource:

Brine
SoluUon
Controls

Acetone
Controls

Exposed to
1,3,5-Trichlorobenzene

49.6+4.0
50.0±5.0
11.3±1.6

47.6±4.0
50.1±5.5
11.8±1.6

44.2±3.8
37.6±4.2
5.3±0.8

1828
29.0
46±5
76.3±5.0
0.91

1884
30.6
48±7
75.6±4.7
0.94

456
11.4
18±10
30.3±11.5
0.82
0 .11

1.00

Grosch, 1973

b1ests performed with 10 mating pa1rs exposed at 10 mg/!l. for 24 hours;
each pair then returned to separate fresh brine solutions.
ccontrol and treatment means not statistically different.
dstatistically significant difference between control an.d treatment means
at 0.05 level.
estatistlcally significant difference between control and treatment means
at 0.005 level.
fstatistical analyses
treatment means.

not

reported

for
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difference

between

control

and

TABLE 6-8
Acute Tox1c1ty Data for Aquat1c Algae Exposed to Chlor1nated Benzenes
Compound

Konochlorobenzene

'!\:)

Durat1on
(hours)

Kean
Concentrat1on
(mg/l)

Ket hod

freshwater algae
(Selenastrum capr1cornutum)

24a
40a
95a
95b
95c
96

330.0
264.0
232.0
224.0
<111.0
12.5

stat1c
s tat1c
sta t1c
stat 1c
stat1c
stat 1c

EC50
EC50
EC50
EC50
None
EC50

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Calamar\ et al.,
1983

mar1ne algae
(Skeletonema costatum)

24a
49a
95a
95b
95c

263.0
224.0
343.0
341.0
<221.0

stat1c
stat 1c
stat1c
stat1c
sta t1c

EC so
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.

>390.0

stat1c

EC3d

8r\ngmann and
Kuhn, 1980

96

84.8
138.0
119.0
91.6
98.0
<12.9
2.2

stat1c
stat1c
stat 1c
stat 1c
stat1c
stat1c
stat 1c

EC50
EC50
EC50
EC50
EC50
None
EC50

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Calamar\ et al.,
1983

24a
40a
72a
95a
96b
95c

66.7
45. l
45.6
44.2
44. 1
<12.8

stat1c
stat1c
stat 1c
stat 1c
stat 1c
stat 1c

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

>100.0

stat1c

EC3d

8rlngmann and
Kuhn, 1980

180.0
170.0
162.0
179 .o
149.0
41.8

stat le
stat 1c
stat 1c
stat 1c
s tat\c
static

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

Green algae
(Scendesmus guadr1cauda)

a'I
I
a'I

Spec1es

1,2,-D1chlorobenzene

freshwater algae
(Selenastrum capr1cornutum)

mar1ne algae
(Skeletonema costatum)

Green algae
(Scendesmus guadr1cauda)
1,3-Dlchlorobenzene

freshwater algae
(Selenastrum capr\cornutum)

168
24a
49a
72a
95a
96b
95c

168
24a
40a
72a
96a
96b
95c

Effect

Reference

EPA,
EPA,
EPA,
EPA,
EPA,

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978

1978
1978
1978
1978
1978
1978

1978
1978
1978
1978
1978
1978

TABLE 6-B (cont.)

Compound

Sped es

Duratlon
(hours)

Mean
Concentratlon
(mg/t)

Method

Ef feet

Reference

1,3-Dlchlorobenzene (cont.)

marlne algae
(Skeletonema costatum)

24a
4sa
72a
96a
96b
96C

55.6
41. 9
62.3
52.8
49.6
7.3

stat le
stat le
stat le
stat 1c
statlc
stat le

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

1,4-Dlchlorobenzene

freshwater algae
(Selenastrum caprlcornutum)

24a
40a
72a
96a
96b
96C
96

76.9
61. 6
77 .5
98. 1
96.7
5.6
1.6

stat le
stat le
static
stat le
statlc
statlc
stat le

EC50
EC50
EC50
EC50
EC50
None
EC50

U.S. EPA, 1976
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Calamarl et al.,
1983

marlne algae
(Skeletonema costatum)

24a
45a
72a
96a
96b
96C

61. 9
56.6
50.6
54.8
59. 1
10.0

stat 1c
stat le
stat le
stat le
static
statlc

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

1,2,3-Trlchlorobenzene

freshwater algae
(Selenastrum caprlcornutum)

96

0.9

stat le

EC50

Calamarl et al.,
1983

1,2,4-Trlchlorobenzene

freshwater algae

24a
45a
72a
96a
96b
96C
96

55.0
32.8
31.6
35.3
36.7
<8.2
1.4

stat le
stat le
stat le
stat le
stat le
stat le
stat le

EC50
EC50
EC50
EC50
EC50
None
ECso

U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
U.S. EPA, 1978
Calamarl et al.,
1983

24a
40a
72a
96a
96b
96C

13.5
1.46-2.63
1.46-2.63
8.75
8.93
<l.46

stat le
stat le
stat le
stat le
stat le
static

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

a">
I
'!\:)

-1

(Selena~trum c:~PLlcQfl'Ultum)

marine algae
(Skeletonema cQstatum)

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1976
1978
1978

1978
1978
1978
1978
1976
1976

1978
1978
1976
1978
1978
1978

TABLE 6-8 (cont.)

O">
I

Mean
Concentration
(mg/1)

Compound

Spec1es

Durat1on
(hours)

1,2,3,5-Tetrachlorobenzene

freshwater algae
(Selenastrum capr1cornutum)

24a
49a
72a
96a
96b
96C

27.4
28.0
14.7
17.2
17. 7
<3.2

stat 1c
stat 1c
stat 1c
stat1c
stat1c
stat 1c

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978
1978

mar1ne algae
(Skeletonema costatum)

24a
40a
72a
96a
96b
96C

2.83
2.53
1.39
0.83
0.70
<0.1

static
stat 1c
stat 1c
stat 1c
stat 1c
stat 1c

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978
1978

freshwater algae
(Selenastrum capr1cornutum)

24a
48a
72a
96a
96b
96C

50.4
54.9
47.3
52.9
46.8
<3.2

stat 1c
stat 1c
stat 1c
stat 1c
stat 1c
stat 1c

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978
1978

mar1ne algae
(Skeletonema costatum)

24a
40a
72a
96a
96b
96C

>18.0
9.39
8.56
7.10
7.32
<l.O

stat 1c
stat 1c
stat 1c
stat 1c
stat 1c
stat 1c

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978
1978

freshwater algae
(Selenastrum capr1cornutum)

24a
48a
72a
96a
96b
96C

>32.0
8.25
13.0
6.78
6.63
0.10

stat 1c
stat 1c
stat le
stat 1c
static
stat le

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978
1978

marlne algae
(Skeletonema costatum)

24a
45a
72a
96a
96b
96C

5.53
l. 57
1.94
2.23
1.98
<O.l

stat 1c
stat le
stat le
stat le
stat le
stat 1c

EC50
EC50
EC50
EC50
EC50
None

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

1978
1978
1978
1978
1978
1978

1,2,4,5-Tetrachlorobenzene

~

~

Pentachlorobenzene

Hethod

Effect

Reference

TABLE 6-8 (cont.)

Compound

Hexachlorobenzene

Spec1es

Duratlon
(hours)

Freshwater algae
(Selenastrum capr1cornutum)

96

Tetrahymena pyr1form1s

a'I
I
~
~

240

Mean
Concentrat1on
(mg/t)
<0.03

Method

Effect

Reference

stat 1c

EC50

Calamarl et al.,
1983

0.001

stat le

Growth
reduct1one

Ge1ke and
Parasher, 1976

M1xed culture; d1atom/green
algae (Thalass1os1ra
pseudonana/Ounal1ella
tert1olecta)

72

0. l

s ta tl c

No growth
lnhlblt1on

B1ggs et al.,
1979

Green algae
(Chlorella pyreno1dosa)

76

10.0

stat le

Growth
reduct1onf

Parasher et al.,
1978

aEffectlve on chlorophyll ! content
hEffect1ve on cell growth
CNOEL
dA 3" change ln growth measured by turb1d1ty
eGrowth reduced to 66% of control cultures; measured by dry mass
fGrowth reduced to 87.5% of control cultures; measured by dry mass
EC50 ; Concentrat1on 1nh1b1t1ng the growth of 50% of the populat1on

U.S.

EPA (1978) also conducted similar tox1city tests on the chlorinated

benzenes with the marine algae, Skeletonema costatum.
96-hour

Ec 50

values

and

the 96-hour

studied are shown in Table 6-8.

NOELs

for

The 24, 48, 72 and

the

chlorinated

benzenes

Effect1ve toxkity concentrations of each

chlor'\nated benzene are within the same range for both the freshwater and
marine algae.
Parasher,

1976;

Data from other studies (Bringmann and Kuhn, 1980; Geike and
Biggs et al.,

1979; Parasher et al., 1978) using various

algal species are also reported in Table 6-8.

Residues.

6.1.5.

Residue concentrations of the chlorinated benzenes

sediment and water) were determined in the Great Lakes
Erie

and

Ontario),

drinking

water

of

surrounding

(in

(Superior, Huron,
cities,

wastewater

effluents from area industries and from the Grand and Niagara Rivers (Oliver
and Nicol, 1982).

These data, reviewed in Table 6-9, indicate that almost

all chlorinated benzenes exist in measurable quantities in the Great Lakes
and can occasionally be traced to point sources.
indicate

that

these

substances

are

persistent

Oliver and Nicol (1982)
in

the

sediment

and

are

bioconcentrated by fish.
Bjerk and Brevik (1980). collected sediment core samples (0-5 cm deep)
and reported concentrations of 0.87 mg/kg pentachlorobenzene and 0.528 mg/kg
hexachlorobenzene (dry weight basis) in the Oslo fjord at Asstranda, Norway.
Deeper samples contained less contaminants (0.064 and 0.317 mg/kg, respectively).

At Ora, Norway, sediment samples contained lower levels of penta-

chlorobenzene (0.003 mg/kg dry weight).

In a wide variety of species tested

(algae, crustaceans, mollusks and fish), penta- and hexachlorobenzene appear
to

bioaccumulate,

usually

about

20-fold

(Table 6-10).
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over

environmental

levels

TABLE 6-9
Chlorinated Benzene Concentrations (µg/t) 1n Water and Sedlmenta

Chemlca l

·"'w_,

Lake
Superior

Lake
Huron

Lake
Erle

Lake
Ontario

Clty
Or1nk1ng
Water

Wastewater
Effluents

Nlagarab
River

Grand
River

Sample
Type

1,3-0lchlorobenzene

NA
2

NO
2

NA
4

NO
74

l
NA

14
NA

18

l
NA

w

1,4-0lchlorobenzene

NA
5

4
16

NA
9

45
94

13
NA

660
NA

94

10

w

1,2-0lchlorobenzene

NA
l

NO
8

NA

5

13
NA

6
NA

w

11

3
NA

56

2

1,3,5-Trlchlorobenzene

NA
0.2

NO
0.7

NA
l

0.1
60

NO
NA

0.3
NA

8

NO
NA

w

1,2,4-Trlchlorobenzene

NA
l

0.2
6

NA
3

0.6
94

2
NA

11

107

2
NA

w

1,2,3-Trlchlorobenzene

NA
0.2

NO
0.3

NA
0.4

0.1
NA

2
NA

38

0.1
NA

w

1,2,3,5-Tetrachlorobenzene

NA
0.1

NO
0.4

NA
0.3

NO
6

NO
NA

0.4
NA

3

NO
NA

w

1,2,4,5-Tetrachlorobenzene

NA
0.3

NO
1

NA
l

0.1
52

0.2
NA

1.2
NA

31

NO
NA

w

1,2,3,4-Tetrachlorobenzene

NA
0.3

0.05
l

NA
0.7

0.1
33

0.3
NA

1.6
NA

126

0.05
NA

w

Pentachlorobenzene

NA
0.1

0.04
1

NA
1

0.2
32

0.04
NA

0.9
NA

22

0.05
NA

w

Hexachlorobenzene

NA
0.2

0.04
2

NA

0.06
97

0.1
NA

1.5
NA

17

0.06
NA

w

l

3

0.1
7

NA

NA

asource: Oliver and Nicol, 1982
bH1ghest value of four sampl1ng s1tes reported
NA= Not ava1lable; NO = Not dectected; S =Mean concentration 1n surf1c1al sediment sample; W=Hean concentration 1n water samples

s
s

s
s

s
s

s
s
s
s

s

TABLE 6-10
Chlor1nated Benzene Concentrat1ons 1n a Var1ety of Har1ne Spec1es

Mean Concentrat1on (mg/kg) of Chlorinated Benzene
Species/T1ssue

Cod (Gadus morhua}
Cod, homogenate
Cod liver
Cod 11 ver
Cod f1llet

"' WhHing
I

(,.)
!'\)

Number
Analyzed

Tr1-

Tetra-

Penta-

Hexa-

Reference

Ofstad et
Bjerk and
Bjerk and
Ofstad et
Ofstad et

al., 1978
Brevik, 1980
Brevik, 1980
al., 1978
al., 1978

7
6
6
3
3

0.4
NA
NA
2.7
0.4

0.3
NA
NA
0.8
0.14

3.8
0.79
NA
12. 7
1. l

55.6
19.9
30.9
170
31

2

1.1

0.3

4.3

56

Ofstad et al .• 1978

4.7
0.01-3.7

29
0.04-16

Ofstad et al., 1978
Lunde and Ofstad, 1976

Sprat
Sprat oila

4.

Plaice

3

0.2

0.4

0.7

13

Ofstad et al., 1978

Eel

3

0.3

0.3

0.7

13

Ofstad et al., 1978

10

0.6

1.5

3.5

32.7

Oliver and Niimi, 1983

Rainbow trout
(Salmo gairdneri}

0.5
<0.01-0.5

0.3
<0.01-0.4

Brown trout
(Salmo trutta}

6

NA

NA

NA

31. 7

Skaf tason and
Johannesson, 1982

Arctic char
(Salvelinas alpinus}

5

NA

NA

NA

30.0

Skaftason and
Johannesson, 1982

Atlantic salmon
(Salmo salar}

6

NA

NA

NA

46.0

Skaftason and
Johannesson, 1982

TABLE 6-10 (cont.)

Mean Concentration (mg/kg) of Chlorinated Benzene
Species/Tissue

Coho salmon
(Oncorhynchus kisutch)
Liver
Muscle

O'I
I

w
w

Tri-

Tetra-

Penta-

Hexa-

0.065b
o.097b

Reference

28
28

NA
NA

NA
NA

15

NA

NA

1 . 10

21. 2

Bjerk and Brevik, 1980

3

NA

NA

0.88

4.3

Bjerk and Brevik, 1980

3

NA

NA

13. 9

Bjerk and Brevik, 1980

Sea star
(Asteroidea)

12

NA

NA

0.78

Saithe, homogenate
(Pollachius virens)

13

NA

NA

1.11

Brittle star
(Ophiura albida)

•

Number
Analyzed

Hermit Crab

NA
NA

Norstrom et al., 1978
Norstrom et al., 1978

(~agurus ~·)

Snail
(~ittorina

NA

littorea)

avalues are the concentration ranges for five sampling sites around Norway.
bconcentrations expressed as wet weight of fish.

1.03
21.8

Bjerk and Brevik, 1980
Bjerk and Brevik, 1980

F\sh and

\nvertebrates collected from contaminated waters have been

shown to contain various levels of chlorinated benzenes.

Only Ofstad et al.

(1978) collected water and sediment samples for chlorinated benzene analysis
and quantitatively confirmed the presence of tri- through hexachlorobenzenes
in the area where contaminated fish were collected.

Concentrations of

chlorinated benzenes in the fish were inversely related to the distance of
the collection site from a chlorinated benzene discharge point.

Data from

several reports of tissue levels of tri-, tetra-, penta- and hexachlorobenzene in fish from the United States, Canada and Norway are presented in
Table 6-10.

Brunn and Manz (1982) collected 72 samples of various fish

species from several ponds, streams and rivers of Germany.

Residues of

hexachlorobenzene were present in 66 samples (92%) at average concentrations
ranging from 0.265 mg/kg fat in fish from ponds without a flowing surfacewater connection to 0.463 mg/kg fat in fish from rivers.
Additional data on tissue levels of chlorinated benzenes in fish and
BCFs were discussed in Section

6.2.
6.2.1.

5.3~

EFFECTS ON NONAQUATIC ENVIRONMENTS
Plants.

Plant

seedlings

and

germinating

seeds

are

commonly

exposed to 1,4-dichlorobenzene to disrupt or arrest mitosis and facilitate
chromosome study (Meyer, 1948).

Sharma and Bhattacharyya (1956) exposed

healthy root tips of 10 monocotyledons and 6 dicotyledons to a saturated
solution of 1,4-dichlorobenzene.

Chromosome fragmentation was observed in

all species after 1.5-4.5 hours of exposure.

Barley, oat and wheat seed-

lings were raised in greenhouse pots of sand, sandy loam, clay loam or clay
treated with 1,2,4,5-tetrachlorobenzene at application rates equivalent to
0, 1.9, 5.6, 16.9, 50.6 or 151.9 kg/ha (Ameen et al., 1960).

Eighteen days

after planting, a decrease was observed in seedling germination and in
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heights and root lengths of seedlings of all three varieties and 1n all four
son types.

A gradient of severity was reported, however, decreasing from

sand to sandy loam, clay loam and clay.

No effects were noted 1n any

variety grown in any son type treated at the highest appl1cat1on rate
(151.9 kg/ha) if planting was delayed 125 days.

Mature cotton plants grown

in Norfolk sandy loam soil were observed 30 days after soil treatment with
1,2,4,5-tetrachlorobenzene at application rates of 0-4483 kg/ha to control
nematode parasites

(Adams

and

mortality in plots treated at

Rodriquez-Kabana,

~224

kg/ha.

1976).

There was 100%

No effects on the cotton plants

were observed at application rates of 0-112 kg/ha.
6.2.2.

Insects.

"saturation

Pupae of the housefly, Musca vicina, were exposed to

concentration"

vapors

of

each

of

the

three dichlorobenzene

isomers for 3, 6 or 10 hours (Levinson, 1955).

The emergence of adult flies

8 days after exposure is shown in Table 6-11.

The actual concentrations of

the various exposure atmospheres, however, were not reported.
Solutions

of

1,2-dichlorobenzene

in

diesel

oil

(1:3

or

1:5

ratio

dichlorobenzene:oil) and of an unspecified trichlorobenzene isomer in diesel
oil (1:5 ratio) effectively eliminated all broods of the Douglas-fir beetle,
Dendroctonus pseudotsugae, when sprayed on both fallen logs and standing
trees (Gibson, 1957).

The actual volumes of spray or total weight of the

chlorobenzene applied were not specified.
Fifteen virgin female wasps, Bracon hebetor, were each placed overnight
inside glass vials, the sides of which had been uniformly coated with a 10
ppm solution of 1,3,5-trichlorobenzene in 0.25 mR. of acetone (Grosch and
Hoffman, 1973).

The mean lifespan of the females was shortened (15.7+1.l

days) compared with controls

(22.0~0.8

days).

Embryo mortality, measured by

the number of unhatched eggs, in the control and treated groups was similar
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TABLE 6-11
Emergence of Adult Houseflies 8 Days Following Exposure of Pupae to
"Saturation Concentration" of Dichlorobenzene Vaporsa

Emergence of Houseflies (%) Resulting from
ExQosure Period of:
Chemicalb

3 hours

6 hours

10 hours

1,2-Dichlorobenzene

46.±_lQC

15.:t.6

0

1,3-Dichlorobenzene

15+5

0

0

1,4-Dichlorobenzene

2.±_2

0

0

asource: Levinson, 1955
bpercent emergence of controls

=

94.±_2%

CJn an average of 10% of the cases recorded as unhatched pupae. the flies
had died after having pushed through the pupal skin with their ptilinum.
but with their thorax and abdomen inside the pupal skin.
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for

the nrst 5 days after treatment, but by the seventh day, 71% of the

eggs from treated females were unhatched.
6.2.3.

B1rds.

The toxicHy of hexachlorobenzene was tested in Japanese

quail (Coturnix coturnix japonica) by d1etary administration at 0, 1, 5, 20
or 80 mg/kg in the diet for 90 days (Vos et al., 1971).
at l mg/kg.

A NOEL was reported

At higher concentrations liver damage and porphyrin excretion

increased in a dose-related fashion.
the exposure period.

At 80 mg/kg, 5 of 15 quail died during

There was a dose-related decrease in the hatchability

of eggs, especially in groups treated at 20 and 80 mg/kg (Vos et al., 1971).
Carpenter et al.

(1983) also reported hepatic toxicHy and porphyria in

quail treated orally with 500 mg/kg/day hexachlorobenzene for l, 2, 5 or 10
days.

Most

treatment-related changes occurred after

the first dose of

hexachlorobenzene.
Studies on

the effects of chlorinated benzenes, predominantly hexa-

chlorobenzene, on wild birds have primarily focused on the accumulation of
contaminants in eggs and their effects on embryo survival and reproductive
parameters.

Gilbertson and Fox (1977) determined hexachlorobenzene levels

in eggs of Herring Gulls, Larus argentatus, from Lake Erie, Lake Ontario and
in northern Alberta

(used as an "uncontaminated" control).

Hexachloro-

benzene residue levels in eggs were 1.37, 4.30 and 0.21 mg/kg (dry matter
basis),

respectively.

There was

a relationship

between

the

number of

embryos that developed to pipping stages and the final percent hatching, and
the

area

from which

they

were

collected.

Of

the

eggs

collected

in

"uncontaminated" areas (n=l4), 85% developed to pipping and 69% hatched.

Of

those collected at Lake Erie (n=25), 83 and 53%, respectively, pipped and
hatched.

Lake Ontario-collected eggs (n=47) showed a significant (p<0.05)

decrease in survival to pipping (39%) and hatchability (26%).

6-37

Liver weights

and porphyrin levels in embryos from Lake Ontario and Lake Erie were greater
than those of the control group.
ing

success

for

Herring

Gull

Gilman et al. { 1977) reported that hatch-

eggs

from Lakes

Superior.

Huron,

Erie and

Ontario were 80, 72, 63 and 19%, respect1vely, wh1ch supports the data of
Gilbertson and Fox (1977).

Additional data on residue levels of chlorinated

benzenes in eggs and wild birds will be discussed in Section 6.2.4.
6.2.4.

Residues.

percentage of

Harp

body fat,

seals,
were

(Rosewell et al., 1979).
(concentrations

Phagophilus
found

groenlandicus,

having

a

high

to contain hexachlorobenzene residues

Forty of 42 seal pups contained hexachlorobenzene

unspecified).

which was

concluded

to

be

transferred

from

adult to fetus and also through maternal nursing of the pups.
Subcutaneous adipose tissue from wild foxes, boars and deer {in Germany)
was

analyzed

for

hexachlorobenzene

content

{Koss

and

Manz,

1976).

The

average tissue levels {ranges) were 0.29 (0.02-0.77) mg/kg in 21 foxes, 0.71
(0.05-3.11) mg/kg in 7 wild boars and 0.03 (0.00-0.05) mg/kg in 6 female
deer.

The detection of 1,4-di-. 1,2,4-tri-. 1,2,3,4-tetra-, 1,2,4,5-tetra-.

penta- and
pooled

hexachlorobenzene

body

lipid

from

Lake

reported by Hallett et al.
that

8

of

28

Great

(concentrations
Ontario

(1982).

not

Herring

reported)

Gulls

Ch·

in

argentatus)

of
was

Similarly, Szaro et al. (1979) reported

Black-Backed Gulls,

collected

in Maine,

tissue levels of 0.03 mg hexachlorobenzene/kg (wet weight).
al.

samples

had average
Ohlendorf et

(1981) reported hexachlorobenzene residues at an average concentration

of 0.23 mg/kg

(wet weight)

herons, Ardea herodias.
(1981)

examined

101

among 12 of 105 herons,

including great blue

During the period 1971-1974, Barbehenn and Reichel

bald

eagles,

Haliaetus

leucocephalus,

and

found

19

carcasses to contain an average concentration of 8.0 mg hexachlorobenzene/kg
(lipid basis;

2.2% body weight as

lipid).
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Kaiser et al.

(1980)

reported

that

23

levels

of
of

haliaetus

168
0.08

bald eagles collected during 1975-1977 had mean carcass
mg

hexachlorobenzene/kg

wet

(0.2 mg/kg), a great horned owl,

Swainson's

hawk

(up

to 5.2 mg/kg)

mg/kg) also were found

weight.

An

Osprey,

Bubo virginianus

and starlings,

Sturnus

Pandion

(0.7 mg/kg),

vulgaris

(0.21

to conta\n hexachlorobenzene residues (L<Hemeyer et

al., 1980; Blus et al., 1983; Bechard, 1981; WhHe, 1979).
Reports on the residue levels of some chlorinated benzenes in bird eggs
are summarized in Table 6-12.

Hexachlorobenzene has been the most prevalent

and persistent chlorinated benzene identified.
SUMMARY

6.3.

As demonstrated in acute toxlcity bioassays,

the Lc

in fish gener50
ally decreases as the number of substituent chlorine atoms on the molecule
increases (isomers vary).

Chlorinated benzenes have adverse effects on the

reproduction of invertebrates and fish.

Monochlorobenzene tested in gold-

fish and largemouth bass, 1,3,5-trichlorobenzene tested in brine shrimp and
the exposure of sheepshead minnows to 1,2,4,5-tetrachlorobenzene resulted in
decreased hatching of eggs or embryo lethalHy and decreased survival of
juvenile fish.
Adverse effects of chlorinated benzenes were also apparent in terrestrial organisms.

Mitosis in seeds and seedlings was disrupted by 1,4-dichloro-

benzene; 1,2,4,5-tetrachlorobenzene affected seed germination and seedling
growth

depending

on

soil

type.

Soil application

rates of

224 kg/ha or

higher of 1,2,4,5-tetrachlorobenzene were found to be phytotoxic to mature
cotton

plants.

inhibited

the

Dichlorobenzene
emergence of

trichlorobenzene

each

in

vapors

at

housefly pupae,

diesel

oil

were
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"saturation

concentrations"

while 1,2-dichlorobenzene and
toxic

to Douglas-fir

beetles.

TABLE 6-12
Chlorlnated Benzene Residues 1n Blrd Eggs

Compound

Tetrachlorobenzenes

Pentachlorobenzene

Specles

Herr1ng Gull
(Larus argentatus)

Herr1ng Gull
(Larus argentatus)

Locatlon

65

0.026

Lake Ontarloa

Hallett et al., 1982

10

0.015

Lake Ontar1ob

Hallett et al., 1982

13

0.024

Lake Erleb

Hallett et al., 1982

65

0.039

Lake Ontar1oa

Hallett et al., 1982

20

0.024

Lake Ontar1ob

Hallett et al., 1982

20

0.025

Lake Er1eb

Reference

Hallett et al., 1982

..

13

0.025

Lake Huronb

20

0.022

Lake Superlorb

Hallett et al., 1982

20

0.021

Lake Hlch1ganb

Hallett et al., 1982

65

0.451

Lake Ontar1oa

Hallett et al., 1982

20

0.315

Lake Ontarlob

Hallett et al., 1982

20

0.09

Lake Er1eb

Hallett et al., 1982

20

0.115

Lake Huronb

Hallett et al., 1982

20

0.115

Lake Superlorb

Hallett et al., 1982

20

0.12

Lake ,Hlchlganb

Hallett et al., 1982

Great Black-Backed Gull

28

0.03

Halne

Szaro et al., 1979

Conmon tern
(Sterna h1rundo)

13

7.6JC

Lake Ontarlo

O'I
I

~

0

Hexachlorobenzene

Hean
Concentrat1on
(mg/kg)

Number
Analyzed

Herr 1ng Gull
(Larus argentatus)

Double-Crested Cormorant
(Phalacrocorax aurltus)

Hallett et al., 1982

Gllbertson and Reynolds,
1972
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0.016

Bay of Fundy

Zltko, 1976

TABLE 6-12 (cont.)

Compound

Hexachlorobenzene
(cont.)

Spec1es

Canvasback Duck
(Aythya val1s1ner1a)
Red-Breasted Merganser
(Mergus serrator)

Cl'
I

Common Merganser
(Mergus merganser)

~
_,

Brown Pel1can
(Pelecanus occ1dental1s)
Great Horned Owl
(Bubo v1rg1n1anus)
aoata collected 1n 1977
boata collected in 1978
ceased on dry we1ght of egg

Number
Analyzed

Mean
Concentrat1on
(mg/kg)

Locat1on

Reference

11
51

0.02
0.01

Nevada
Man1toba

Stendell et al., 1977
Stendell et al., 1977

114
92

0.06
0.05

Lake M1ch1gan
Lake M1ch 1gan

Haselt1ne et al., 19Bl
Haselt1ne et al., 1981

2

0.05

Lake M1ch1gan

Haselt1ne et al., 1981

115

0.03

South Carol1na

Blus et al., 1979

0.2

Oh1o

Spr 1nger , 1980

4

Contact wHh residues of l ,3,5-tr1chlorobenzene shortened the 11fespan of
female wasps,

and

their eggs suffered high mortality within 7 days of

exposure.
Although

effects

(mortality,

decreased

reproduction)

of

chlorinated

benzenes on natural populations have not been adequately studied, tissue
concentrations of several isomers were measured 1n a number of different
species.

Aquatic

organ1sms

(f1sh

and

1nvertebrates)

and

terrestrial

species, alike, have been found to conta1n chlor1nated benzenes.

nssue

concentrations of the quant1tated chlorinated benzenes were highest for
hexachlorobenzene.

The detect1on in North Amer1ca and Europe of hexachloro-

benzene 1n the eggs of b1rds and subcutaneous fat of w1ld an1mals suggests
its w1despread distribution in the environment.
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7.
Between

88.7

and

128.7

MONOCHLOROBENZENE
million

kilograms

of

monochlorobenzene

is

estimated to be produced in the United States in 1983 (U.S. EPA, 1983).
Monochlorobenzene is used primarily as an intermediate in the synthesis of
organic chemicals and as a solvent in herbicides and paints (Hawley, 1977).
It has been detected in samples of urban, ambient and indoor air, as well as
in surface, drinking and industrial wastewater, and in water and sediments
in a stream draining an abandoned waste site (see Section 4.3.).

Residues

of monochlorobenzene have been found in human adipose tissue, and studies
indicate that it bioaccumulates in fish and other aquatic organisms (see
Sections 5.3. and 5.4.).

In addition to the exposure of workers involved in

organic chemical synthesis, humans may be exposed to monochlorobenzene via
inhalation of air and ingestion of water.

PHARHACOKINETICS

7.1.
7.1.1.

Absorption.

benzene are lack1ng.
inhalation
(Reich,

indicate

1934;

Quantitat1ve studies on the absorpt1on of monochloroToxic effects reported 1n humans after 1ngestion or
that monochlorobenzene

Rosenbaum et al .•

1947;

is absorbed via these routes

Tarkhova,

1965).

Studies of

the

metabolism of monoch 1orobenzene in a number of mamma 1i an species i ndi ca te
that absorption from the gastrointestinal tract does occur (Williams, 1959).
Given the 1i pophil i c character of monoch l orobenzene and the derma 1 absorpU on of other chlorobenzenes,

some degree of absorption through the skin

would be expected but definitive studies are lacking.
7.1.2.
of

Distribution.

monochlorobenzene

Sullivan et al. (1983).
or 700 ppm of

14

The only available study regarding the distribution
is

the

inhalation

pharmacokinetic

experiments

of

Male Sprague-Dawley rats were exposed to 100, 400

C-monochlorobenzenene, 8 hours/day for 1 or 5 consecutive

7-1

days.

Following a single exposure period, radioactivity was found in all

tissues

examined

highest
kidney,

both

immediately

and

48

concentrations

located

the

fat.

five

exposures

repeated

in

did

not

hours

post-exposure,

With

result

the
in

with

the

of

the

exception

significantly

higher

tissue concentrations than did a single exposure, indicating that a steadystate concentration is reached during the first 8 hours of exposure.
tissue concentration was proportional

The

to the exposure concentration, with

the exception of the fat, in which the tissue levels increased 8- to 10-fold
increased from 100-400 ppm and 3- to

when the exposure concentration was

5-fold when the exposure concentration was increased from 400-700 ppm.

7.1.3.

Metabolism.

(strain and dose

Shimada (1981} administered monochlorobenzene to rats

unspecified}

by subcutaneous

injection and analyzed the

urine by high performance liquid chromatography.

They detected J!.-chloro-

phenylmercaptur ic acid and monogl ucuroni de and ethereal sulfate conjugates
of

4-chlorocatechol.

metabolism

of

Based

on

this

monochlorobenzene

4-chlorobenzene-1,2-epoxide.
thione conjugate,

resulting

involves

This
in

information,
an

they proposed

initial

intermediate may

oxidation

then

that

the

to

form

l} form a gluta-

the excretion of J!.-Ch lorophenylmercapturi c

acid, 2} be converted to 4-chlorophenol, conjugated, and excreted, or 3} be
converted to 4-chlorocatechol, conjugated, and excreted.
Nakajima and Sato (1979}

found

that fasting enhanced the activity of

liver enzymes for monochlorobenzene in both male and female Wistar rats.
They found that fed male rats metabol1zed most of the hydrocarbons tested
more

rapidly

than

fed

female

rats;

however,

there

were

no

significant

differences in the initial metabolic rate for monchlorobenzene between sexes.
Selander et al.

(1975} investigated the metabolism of monochlorobenzene

in perfused rat livers and in a variety of cell-free hepatic preparations

7-2

(Table

7-1).

They

found

that

monochlorobenzene

pheno 1 s by three different enzymes.

is converted

to chloro-

Two of these enzymes form arene oxide

intermediates (3- and 4-chlorobenzene oxides) resulting in the formation of
Q- and

~-chlorophenol.

tive pathway.

Under

m-Chlorophenol appeared to occur via a direct oxidathe conditions of

these assays,

conjugation of

the

arene oxide with glutathione or hydration did not occur to a signHicant
extent.
Smith et al.

(1972) administered 75 µCi

(0.59 gm) of

14

C-monochloro-

benzene emulsified in Cremophor E.L. and physiological saline to two -1.5 kg
female Dutch rabbits by gavage, twice a day for 4 days.

The major urinary

metabolites recovered were ~-chlorophenylmercapturic acid and the conjugates
of 4-chlorocatechol.
rocatechol,
acid.

Other minor metabolites detected were quinol, 3-chlo-

Q-chlorophenylmercapturic

The

acid

identified metabolites accounted

radioactivity

and

consisted

of

and

m-chlorophenylmercapturic

for

over 98% of

the urinary

3,4-dihydro-3,4-dihydroxychlorobenzene

(0.57%), monophenols (2.84%), diphenols (4.17%), mercapturic acids (23.80%),
ethereal sulfates (33.88%) and glucuronides (33.57%).

7.1.3.l.

TISSUE BINDING -- Reid (1973) and Reid et al.

(1973)

have

studied tissue distribution and tissue binding of monochlorobenzene and the
related halobenzene, bromobenzene.

Treatment of C57B6J mice with a single

intraperitoneal dose of 4.58 mmol/kg bromobenzene or 6.75 mmol/kg monochlorobenzene

produced

necrosis

kidneys within 48 hours.
14 C

unidentified
manifestation

of

labeled
the

of

proximal

metabolite

to

effect.

14

the

site

of

tubules

necrosis

Pretreatment

the binding as well

hours after administration of l mmol/kg
lents of

convoluted

of

the

This was associated with covalent binding of an

histologic

pyrazole butoxide blocked

the

as

with

the toxic effect.

Six

-0.332 nmol equha-

C-monoch lorobenzene/mg protein were covalently bound.
7-3

to

animals

(112 mg/kg),

of

prior

Although

TABLE 7-1

Percentage of Isomers of Chlorophenol from
Metabolism of Monochlorobenzene*

Isomer {%)
System

or tho-

meta-

para-

Perfused liver
Phenobarbital treated
Methylcholanthrene treated

40
46

44

89

20
10
2

Microsomes
Phenobarbital treated
Methylcholanthrene treated

18
32
59

*Source: Selander et al., 1975
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7
6
6

40
9
75
62
35

t'ssue d'strlbut,on was not studied with monochlorobenzene, a metabo11te of
bromobenzene which was also used in this study was strongly bound by tissues
from the liver, lungs and k1dneys but not by tissue from the heart, spleen
or testes, and th1s binding correlated wHh necrotic changes.

Microsomes

from the lungs and liver C.1.n. vHro) oxidized bromobenzene, whereas microsomes from the kidneys, heart, spleen and testes did not, whkh indicated
that metabol1c activation took place in lungs and liver and that an active
metabolite was transported to the kidneys before binding.

Pretreatment with

3-methylcholanthrene enhances the overall metabolism of monochlorobenzene;
however,

this

pretreatment

reduces

the

extent

of

covalent

b1nding

to

cellular macromolecules and prevents centrolobular hepatic necrosis (Re1d et
al.,

1971).

Similar

results

of preventing chlorobenzene-elicited liver

necrosis have been obtained by inhibHing epoxide hydrase wHh cyclohexene
oxide (Oesch et al., 1973).

Jergil et al. (1982) found that when monochlo-

robenzene was incubated wHh liver mkrosomes H was bound to microsomal
proteins of molecular weights of 72,000 and 50.000-60.000 daltons.

The

metabolHe probably was bound to the sulfhydryl groups of proteins, since
the addition of glutathione blocked the bind1ng.
7.1.4.

Excretion.

Sullivan et al.

rats to atmospheres containing
8 hours/day for 1 or 5 days.

14

exposed male Sprague-Dawley

C-monochlorobenzene (100, 400 or 700 ppm)

Following treatment, the label was detected in

the expired air and urine of the rats.
monochlorbenzene,

(1983)

The urine contained metabolites of

including mercapturic acids, glucuronide conjugates and

sulfate conjugate; the respiratory elimination consisted of unmetabolized
compound.

The percentage of the dose excreted by respiration increased with

increasing exposure, implying that the metabolic elimination of monochlorobenzene can be saturated.
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Smith et al. (1972) orally dosed two female Dutch rabbits with 0.5 g (75
µCi)

of

logical

14

C-monochlorobenzene

emulsified

saline twice a day for

4 days,

label,

the feces

tissues contained 0.05%.
sured.

E.L.

and physio-

and collected urine and feces

The urine contained 19.6% of the admin-

throughout the 7 days of the study.
istered

in Cremophor

(methanol

extracted)

Radiolabeled

14

contained 1.05% and

the

C in expired air was not mea-

Williams (1959) has reported that 27% of a 0.5 g/kg dose orally

administered to rabbits was excreted in expired air over a 1-2 day period.
Lindsay-Smith et al. (1972) found that the conjugated metabolites were
both mono- and diphenolic in the rabbit, but the monophenolics were predominant.

Q.-Monochlorophenol was the predominant isomer in the urine.

The

distribution of isomers for free and conjugated monochlorophenol combined
was:

ortho-, 4.9%; meta-, 22.9%; and para-, 72.2%.

For free monochloro-

phenols, the distribution of isomers was 5.9, 33.6 and 60.4% for ortho-,
meta- and para-isomers, respectively.

The major diphenolic metabolite was

reported to be 4-chlorocatechol; small amounts of chloroquinol, 3-chlorocatechol and quinol also were found.

Although there was not adequate proof

in these studies, it was proposed that metabolism proceed through the formation of an arene oxide (3,4-chlorobenzene oxide).

Conjugation of this arene

oxide with glutathione followed by further metabolic reactions would account
for the meta- and para-chlorophenyl mercapturic acids but not the orthoi somer.

Hydration of the arene oxide, followed by dehydrogenation, would

lead to chlorocatechol.

Pathways for metabolism have been proposed based on

the l!l vivo and l!l vitro studies (Figure 7-1).
The profile of urinary metabolites varies from species to species.

For

example, W'\lliams et al. (1975) reported on 13 species and indicated that

19-65%

of

14

C-urinary

metabolites
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of

monochlorobenzene

was

Q.-chloro-

Cl

©l
v

chloTobenzene

Cl

Cl
epoxid.ase

GSB

Cl

/h7dru~

~

OH

1

gl uc:uronidi')

Csulfate

j

s-glutathione

dehydrogioDJLS•

conjugation

[

B

OH

conjugation

merc:apturic ac:id]
gluc:uronide

OH

1

4-chloTophenol

!

Cl

Cl

""'
B

3-chlorophenol

sulfate

1

Cl

Cl

6-0B
o~

SCH

4-chlorocatechol

2

CHCOOH

I

NHCOCH

3

4-chlorophenylmercapturic acid

FIGURE 7-1

Metabolism of Monochlorobenzene
Adapted from: Williams, 1959; Lindsay-Smith et al., 1972;
Selander et al., 1975; Shimada, 1981; Sullivan, 1981
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phenyl mercapturic acid.
as those in animals,
(Table 7-2).
31%,

The principal metabolites in humans were the same

but the proportions of metabolites were different

In humans, 19% appeared as the mercapturk acid and 33 and

respectively,

were excreted as 4-chlorophenol and 4-chlorocatechol

sulfate, and glucuronide conjugates.

The ultimate urinary metabolites would

also be expected to vary depending on saturation of metabolism or on the
nutritional state of the animals.
fate

metabolic

can

vary.

If glutathione levels are depleted, the

Sullivan

metabolism was saturable in rats.

(1981)

found

that monochlorobenzene

Male Sprague-Dawley rats were exposed via

inhalation to 100, 400 or 700 ppm monochlorobenzene vapor for an 8-hour
period.

Urinary metabolite profiles and tissue glutathione concentrations

were measured at 16 and 48 hours after exposure.

The capacity of metabolic

oxidases and the conjugation of metabolites to glutathione were saturated at
the two higher levels of exposure.

Saturation of detoxification mechanisms

can increase the incidence and severity of toxicity.

Recent studies have

examined

inhalation

the

{Sullivan,

profile

1981)

or

of

urinary metabolites

after

subcutaneous

after

administration

(Shimada,

exposure
1981).

Essentially, the results of these studies are consistent with results in
other species that were administered monochlorobenzene orally.
Ogata and Shimada (1982) compared the metabolism of monochlorobenzene in
rats and humans.

The compound was diluted with polyethylene glycol and

injected intraperitoneally into rats or administered
volunteers orally.

to rats and human

Urine specimens were also collected from two workers at

a factory involved in distilling monochlorobenzene.

In rats, the major

metabolite detected was R-chlorophenylmercapturic acid, accounting for 6-10
times the amount of material excreted as conjugates of 4-chlorocatechol.
In a

human

volunteer,

only

trace

amounts

7-8

of

R-chlorophenylmercapturic

TABLE 7-2
Species Variation in Urinary Metabolites of 14c-Monochlorobenzene*

Percentage of 24-Hour Excretion of
Species

14

C

4-Chlorophenol

4-Chlorocatechol

4-ChlorophenylHercapturic Acid

Man

33

31

19

Rhesus monkey

19

37

40

Squirrel monkey

14

37

50

Capuchin monkey

19

36

41

Dog

14

45

42

Ferret

33

31

24

Hedgehog

20

12

65

Rabbit

29

38

26

Rat

23

22

49

Mouse

20

31

42

Gerbil

13

26

51

Hamster

15

23

43

Guinea pig

27

35

21

*Source:

Data cHed by Wi 11 iams et al., 1975
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acid were detected; however, conjugates of 4-chlorocatechol were the major
metabol1tes observed.

These findings suggest that urinary 4-chlorocatechol

conjugates may be useful to monitor human exposure to monochlorobenzene.
7.1.5.

Sunmary.

Monochlorobenzene is readily absorbed by inhalation and

by the gastrointestinal tract but the quantitative extent is not known.
is deposited in body lipids and metabolized by microsomal oxidation.

It

Oxida-

tive reactions are believed to lead to the preliminary formation of metastable arene oxides; these epoxides are metabolized further to the ortho-,
meta- or para-chlorophenols or they may interact with tissue.

The chloro-

phenols may conjugate with glutathione and be detoxified by conve-rsion to
the corresponding mercapturic acids and excreted in the urine or they may
bind

to

cellular

proteins.

Binding

to cellular

protein appears

to be

correlated with necrotic pathologic changes in the kidneys and livers of
rodents.

In addition to conjugation with glutathione, metabolites of mono-

chlorobenzene (monophenols and diphenols) can conjugate with glucuronic acid
or with sulfate and be excreted in the urine.
nant metabolites; the diphenols are minor.

Monophenols are the predomi-

The arene oxides, 3-chloroben-

zene oxide or 4-chlorobenzene oxide, also can be converted to the dihydrodiol by epoxide hydrase and dehydrogenated to form chlorocatechols.

There

appear to be species differences in the profile of urinary conjugation of
metabolites, and end metabolites may vary depending on the avai labi 1 i ty of
tissue

glutathione.

Detoxification

by

conjugation

with

glutathione

is

important in the modulation of toxic effects especially at high exposure
levels.

Saturat1on of these metabolic pathways has been demonstrated at

relatively low exposure levels.

7.2.

EFFECTS ON HUMANS
No epidemiologic studies regarding the effects of exposure to monochlo-

robenzene are available.

Several

case
7-10

studies and

one clinical

study,

however, prov,de some 'nformation regarding the toxic effects of the chemical 1n humans.

Maximum allowable air concentrations range from 75 ppm in

the United States and Switzerland to 11 ppm in Sweden (Merian, 1980).
Reich (1934) reported the case of a 2-year-old boy who swallowed -5-10
ml!. of monochlorobenzene.
had

no

detectable

Within 2 hours, the child was cyanotic, and he

reflexes.

He

displayed head and neck twitching.

became

unconscious

and

cyanotic

and

He regained consciousness after -3 hours

and all signs returned to normal within 8 hours.

There was no followup on

the patient.
Girard et al. (1969) reported the case of a 70-year-old woman who had
worked for 6 years with a glue containing 70% monochlorobenzene.

From the

time when she began using the glue, her symptoms inc 1uded headaches and
irritation of the upper respiratory tract and the eye mucosa.

After 6 years

of exposure hematologic examination resulted in a diagnosis of medullar
aplasia.
Rosenbaum et al. (1947) examined 28 factory workers who had been exposed
to monochlorobenzene for 1-2 years.

Many of the workers complained of head-

aches and showed signs of somnolescence and dyspepsia.

Eight of the 28 had

tingling, numbness and stiffness of the extremities, eight had hyperesthesia
of the hands, nine had spastic contractions of the finger muscles, and two
had spastic contractions of the gastronemius muscle.

Twenty-six workers who

had either short-term exposure (<l year) to monochlorobenzene or exposure to
combinations of benzene and monochlorobenzene fumes displayed no neurotoxic
signs.
Tarkhova (1965) exposed 4 humans to 0.02, 0.04 or 0.06 ppm (O.l, 0.2 or
0.3

mg/m 3

patterns.

)

of

monochlorobenzene

and

monitored

electroencephalographic

At the lowest concentration there were no effects, but within

7-11

minutes at the higher exposures, there were changes in response patterns to
10-nanosecond light flashes of 8-10 Hz.
Human exposure

to monochlorobenzene

by

inhalation or

by accidental

ingestion can cause neurotoxic signs (Reich, 1934; Rosenbaum, 1947).

It is

not known if the effects are reversible after long-term exposure or if there
are other sites of toxicity.
7.3.

MAMMALIAN TOXICITY

7.3.1.

Acute Toxicity.

Treatment with monochlorobenzene has been demon-

strated to produce a variety of changes in enzymatic and physiological function,

including

the

slight

depression

of

mitochondrial

oxidative

phosphorylation in male Donryu rats (Ogata et al., 1981), increased flow of
bile duct-pancreatic fluid
stimulation

of

the

in male Holtzman rats

activity

hemeoxidase in male Wistar

of

rats

(Yang et al.,

1979),

6-aminolevulinic

acid

(Ariyoshi

1981) and decreased

et al.,

synthetase

and

hepatic cytochrome P-450 in female Wistar rats (Ariyoshi et al., 1975).
Varshavskaya (1967) investigated the toxicological, olfactory and gustatory properties of monochlorobenzene and ortho- and para-dichlorobenzene.
The olfactory and gustatory thresholds were found to be 0.01-0.02 mg/R. for
monochlorobenzene.

In the oral toxicity tests with albino rats, the highest

concentration of monochlorobenzene that produced no observed toxic effect
was 0.001 mg/kg.
Rimington and

Ziegler

(1963)

administered monochlorobenzene

to male

albino rats by daily gastric intubation, using an escalating dosage regimen.
Monochlorobenzene was
1,4-dichlorobenzene,
(hexachlorobenzene

less

effective

in

1,2,4-trichlorobenzene
was

not

studied).

producing
or

porphyria

than

were

1,2,3,4-tetrachlorobenzene

Monochlorobenzene

also

has

been

observed to produce bronchiolar necrosis (Reid et al., 1973) and centrolobular hepatic necrosis (Reid and Krishna, 1973).
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A summary of the acute lethal doses of monochlorobenzene 1s presented in
Table

7-3.

In

result

of

central

cats

a

tolerated

hour.

majority of
nervous

the

studies

reviewed,

system depression.

monochlorobenzene

at

Irish

concentrations

fatalities
(1963)

of

were

reported

the
that

220-660 ppm for

1

Narcotic signs were noted at levels of 1200 ppm, and death occurred

after

7 hours

of exposure at 3700 ppm.

m1nutes died 2 hours after exposure.

Cats exposed at 8000 ppm for 30
By the oral

route,

Lo

50

values in

rats and rabbits were reported to be 2.91 and 2.83 g/kg bw, respectively.
Bonnet et al.

(1982) reported that 6-hour inhalat1on exposures to rats and

Lc 50 s

mice resulted in

Administration
signs

of 2965 and 1886 ppm, respectively.

of

sublethal

that are manifest within

doses
24

of

hours.

monochlorobenzene
When m1ce are

causes

toxic

given a single

intraperi toneal dose of 6. 7S mmol/kg (760 mg/kg), they develop coagulation
necrosis of
sensitive.

the proximal

tubules of

the kidneys.

Rats are slightly less

Doses of 9.3 mmol/kg (1047 mg/kg) have been reported to cause

swollen, vacuolated, convoluted tubules (Reid et al., 1971).
Monochlorobenzene causes
after inhalation exposure.

sensory

irritation of

the respiratory system

A comparison of the index of sensory irritation

for 22 chemicals was made based on a short inhalation experiment in mice (De
Ceaurriz et al., 1981).

Mice were exposed usually for S minutes at varying

concentrations, and res pi ra tory rates were measured with a pl ethysmograph.
An

ROSO

value

for

mice,

which

is

the

concentration

decrease in respiratory rate, was calculated.
was
0.01

predicted
ROso·

to be 0.1
For

ROSO'

that

causes

a

SO%

An uncomfortable human dose

and a no-effect dose was predicted to be

monochlorobenzene,

the

predicted no-effect human dose was 11 ppm.

Ro

50

was

10S4

ppm,

and

For comparison, the ROSOs for

formaldehyde and toluene diisocyanate were 5.3 and 0.24 ppm, respectively.
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TABLE 7-3
Acute Tox1c1ty of Honochlorobenzene

Spec1es

-....I
I

.....

Route

Dose

Exposure
Durat1on
(hour)

Lethal
Effect
Level

Reference

Rat

inhalation

22,000 ppm
9,000 ppm

2.5
3.0

LC50
LC67

Eastman Kodak, 1978

Cat

inhalation

3,700 ppm
8,000 ppm

7.0
0.5

LC100
LC100

Irish, 1963

Rat,
Sprague-Dawley

inhalation

2,965 (2787-3169)* mg/kg

6.0

LC50

Bonnet et al., 1982

Mouse

inhalation

1,886 (1781-1980)* mg/kg

6.0

LC50

Bonnet et al., 1982

Rat

oral

2,144 mg/kg

NR

LD50

Monsanto, 1965

Rat

oral

NR

LD50

Eastman Kodak, 1978

Rabbit

oral

2,830 mg/kg

NR

LD50

Eastman Kodak, 1978

Rat

i. p.

7,400 mg/kg

NR

LD50

NIOSH, 1982

Guinea pig

; . p.

4,100 mg/kg

NR

LD50

NIOSH, 1982

Rabbit

dermal

>10 g/kg

NR

LD50

Monsanto, 1965

~

400-1600 mg/kg

*953 confidence limits in parentheses
NR

=

Not reported

B\ochem\ca' man\festat\ons of the acute toxic effects of monochloroben-

zene may be associated wHh the binding of liver and kidney protein by
metabolHes of the compound (the arene oxide or monochlorophenol) as discussed in Section 7.1.2.

Ogata et al. (1981) found that 0.24 mM monochloro-

benzene, in an l!!. vitro assay, caused a slight depression of rat liver mitochondrial oxidative phosphorylation.

This effect was much less than the

effect caused by the more highly chlorinated congeners.

A slight decrease

in hepatic cytochrome P-450 was observed in female rats administered 200
mg/kg monochlorobenzene intraperitoneally 24 hours before analysis (Ariyoshi
et al., 1975).
7.3.2.

Subchronic ToxicHy.

in Table 7-4.

The subchronic toxicHy data are summarized

Several investigators have studied the subchronic inhalation

toxicity of monochlorobenzene.

Dilley (1977) exposed groups of 32 male

Sprague-Dawley rats (125 g) or male rabbHs (2.0-2.5 kg) to monochlorobenzene (99+%) at 0, 75 and 250 ppm for 7 hours/day, 5 days/week, for 24 weeks.
After exposure for 11 weeks (55 exposures), the rats showed increased liverto-body weight ratios.
increase

in

After 120 exposures at 250 ppm. the rats showed an

liver-to-body and

decreased food consumption.
hematologic
counts).

parameters

kidney-to-body weight

as well as

Slight changes were also observed in three

(reticulocyte,

Histopathologic

ratios

changes were

whHe
seen

blood
in

cell,

and

the kidneys,

platelet
liver and

adrenals of rats at 11 and 24 weeks; the kidneys had regenerating cortical
tubules wHh basophilic inclusions in the cytoplasm of cells, the livers
were congested and the adrenals had vacuolation of cells in the zona fasciculata.

It was suggested that 15 ppm may be the marginal toxic concentra-

tion for daily inhalation.

Effects were less marked in rabbits than in

rats; no histologic or hematologic changes were found relating to monochlorobenzene exposures at 24 weeks.
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lABLE 7-4
Sumnary of Subchron\c Tox1c1ly Stud\es on Honochlorobenzenea

Spec\es

Dog
(beagle)

Roule

1nhalatlonb

Dose

Dural\ on
(days)

Reference

D.75 mg/l, 6 hrs/day,
5 days/week (162 ppm)

62
exposures
over 90 days

None

1.50 mg/l, 6 hrs/day,
5 days/week (424 ppm)

62
exposures
over 90 days

We\ght loss; conjunct1v1t\s; mor\bund at
31 days

2.00 mg/l, 6 hrs/day,
5 days/week

62
exposures
over 90 days

We\ght loss; hypoactlvlty and conjunct\vlt\s;
vacuolated hepatocytes; cytoplasmlc vacuolat\on
of renal collectlng tubules; bllateral atrophy
of semlnlferous tubules; lower total leukocyte
counts, elevated SAP, SGOT, SGPT; aplastlc bone
marrow; morta11ty \n 5/8 dogs after 25-29 days

62
exposures
over 90 days

None

Monsanto, 1978

L\ver necrosls and regeneratlon; kldney
hyperplasla; encephalopathy; pneumon\a

Khanln, 1977
Tarkhova, 1965

-.I

I
__,

a>

Effects

Rat

1nha lat\ on

0.75, 1.50 or 2 mg/l
6 hrs/day, 5 days/week

Rat

\nhalat\on

0.1 or 1.0 mg/m3
(cont\nuous)

Rat

1nha la t\on

0.1 mg/m3 (contlnuous)

60

None

1.0 mg/m3 (contlnuous)

60

Inhlb\ted chronax\a of antagonlstlc muscles
at 39 days; lncreased blood chollnesterase

Rat

\nhalatlon

0.1, 1.25 or 1.5 mg/l

Rat

\nhalatlon

0.1 mg/l, 3 hr/day
(alternate days)

Rat

lnha lat\ on

Rabblt

lnhalatlon

72-80

49-98

Honsanlo, 1978

Chronax\metr\c lnhlb\t\on

Plslaru, 1960

37 weeks

Inhlb\t\on of extensor t\blalls 7-14 weeks;
normal by 20 weeks

Gabor and Raucher,
1960

75 and 250 ppm, 7 hrs/day
5 days/week

120
exposures

Focal leslons of adrenal cortex; les\ons \n
tubules of k\dneys; congestlon of l\ver and
kldneys; decreased SGOT

D\lley, 1977

75 and 250 ppm, 7 hrs/day,
5 days/week

120
exposures

Decreased SGOT after 24 weeks of exposure

D\lley, 1977

lABLE 7-4 (cont.)
Spec1es

Mouse

Route

Dose

Ourat1on
(days)

oral (gavage)

60 mg/kg/day, 5 days/week

13 weeks

one male w1th hepat1c necros1s

125 mg/kg/day, 5 days/week

13 weeks

Increased 11ver we1ghts 1n males one male
w1th hepat1c necros1s

250 mg/kg/day, 5 days/week

13 weeks

>5°" reduct1on 1n we1ght ga1n, 1ncreased
excret1on of coproporphyr1ns 1n females,
1ncreased 11ver we1ghts, les1ons of the
11ver, k1dney, bone marrow, spleen and
thymus

500 mg/kg day, 5 days/week

13 weeks

10°" lethal to males w1th1n l week,
reduced body we1ght ga\ns, polyur1a
\n females, 1ncreased 11ver we1ghts,
les1ons of the 11ver, k1dney, bone
marrow, spleen and thymus.

750 mg/kg/day, 5 days/week

10 weeks

10°" lethal to male m1ce w1th1n l week
and to female m1ce w1th1n 10 weeks,
les1ons of the l\ver, k1dney, bone marrow,
spleen and thymus at death

60 mg/kg/day, 5 days/week

13 weeks

None

125 mg/kg/day, 5 days/week

13 weeks

None

250 mg/kg/day, 5 days/week

13 weeks

M1n1mal centrolobular hepatocellular
necros1s

500 mg/kg/day, 5 days/week

13 weeks

Decreased body we1ghts ga1n, 1ncreased
GGTP and alkal1ne phosphatase \n females,
1ncreased excret1on of porphyr1ns, controlobular hepatocellular necros1s,
nephropathy 1n males, myelo1d deplet\on
of bone marrow.

750 mg/kg day, 5 days/week

13 weeks

Decreased body we1ght ga1n and surv1val
of an1mals, hematolog1c effects, 1ncreased
GGTP and alkal1ne phosphatase 1n females,
polyur\a 1n males, 1ncreased excret1on of
porphyr\ns, centrolobular hepatocellular
necrosis, nephropathy, lympho1d deplet1on
of thymus and spleen, myelo\d deplet\on of
bone marrow.

-.I

I
__,
-.I

Rat

Oral (gavage)

Effects

Reference

NTP, 1983

NTP, 1983

TABLE 7-4 (cont.)

Spec1es

Dog

Route

oral (capsule)

Dose

Durat1on
(days)

27.3 mg/kg/day

90

None

54.6 mg/kg/day

90

D1arrhea and vom1t1ng; conjunct1v1t1s

272.5 mg/kg/day

90

4/8 d1ed 1n 3-5 weeks; 1ncreased 1nnature
leukocytes; elevated SGOT and SAP, b111rub1n
and cholesterol; low blood sugar; h1stopatholog1c changes 1n 11ver, k1dneys, spleen, and
sem1n1ferous tubules

-..J

....

Effects

Reference

Monsanto, 1967a

I

Cl

Rat

Rat

oral (d1et)

oral (d1et)

12.5 or 50 mg/kg/day

93-99

None

100 mg/kg/day

93-99

Increased 11ver and k1dney welghts

250 mg/kg/day

93-99

Increased 11ver and k1dney we1ghts;
retarded growth ln males

14.4 mg/kg/day

192

None

144 and 288 mg/kg/day

192

Increased 11ver and k1dney welghts;
1ncreased sa11vat1on and ha1r loss

asource: Updated from U.S. EPA, 19BOa
b1 ppm -4.60 mg/m•, 1 mg/t -219 ppm (Ir1sh, 1963)

Monsanto, 1967b

Irlsh, 1%3

Monsanto

(1978b)

exposed

by

monochlorobenzene at 0, 0. 76,

1nhalation Charles

River albino rats

to

1.47 and 2.00 mg/!1. (0, 165, 319 and 434

ppm), 6 hours/day. 5 days/week for 62 exposures.

Fifteen rats of each sex

were exposed at each dose level.

Erythema and hair loss were noted in 2 of

30 animals at the lowest dose.

Hematology, clin1cal chemistry values and

urinalysis parameters were found

to be similar between the treated and

control groups, and no histopathologic changes attributable to monochlorobenzene were found.
Beagle dogs exposed under the same regimen as the rats had toxic manifestations.

Although no effects were noted at 0.75 mg/!I., at 1.5 mg/!1., 2

of 8 dogs were moribund and sacrificed at 30 days; they were hypoactive, had
decreased weight gain, and conjunctlvitis.
examination was made on this group.

No clinical or histopathologic

At the 2.0 mg/!I. level, all the dogs

displayed weight loss, hypoactivity, and conjunctivitis.

The mean leukocyte

counts of these dogs were lower than in controls at 45 and 90 days, and SAP
and SGOT were elevated at 38 days.

Five dogs were moribund and therefore

sacrifked between days 25 and 38.

Histopathologic examination revealed

vacuolization of hepatocytes in 5 of 8 dogs, aplastic bone marrow in 5 of 8
dogs, abnormalities of collecting tubules of the kidneys in 4 of 8 dogs, and
bilateral atrophy of seminiferous tubules in 2 of 4 dogs.
Tarkhova (1965) exposed by inhalation adult male rats to monochlorobenzene at 0.1
exposure.

or 1.0 mg/m 3

(0.02 or 0.2 ppm) for 60 days of continual

No effects were seen at the lower level. but neurotoxic effects

were noted at the higher level.

In the high dose group, the chronaxy ratio

of antagonistic muscles was reversed at day 39 (i.e., the conduction speeds
of nerve impulses to sets of flexor and extensor muscles had changed). Blood
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cholinesterase was

increased

before

the chronaximetr1c changes developed.

Similar neurotoxic effects in rats were reported by Pislaru (1960) and Gabor
and Raucher (1960).
Subchroni c to xi cHy studies regarding the ef fee ts of monoch lorobenzene
administered to rats and dogs via gavage
reported by Monsanto (1967a,b).

(oral administration)

Male and female rats

have been

(18 of each sex in

each group) were dosed with 0, 12.5, 50, 100 or 250 mg/kg monochlorobenzene
in corn oil for 5 days/week for 13 weeks.
Hy,

no clinical

There were no effects on mortal-

signs of abnormality and no histopathologic

lesions.

A

slight decrease in growth rate over controls in males receiving the highest
dose level and a dose-related increase in salivation in the animals were
noted.
Groups of 4 male and 4 female beagle dogs were given repeated doses of
27.3, 54.6 and 272.5 mg/kg of monochlorobenzene by capsule for 5 days/week
for 13 weeks.

At the highest dose, two animals died and two were moribund

and sacrH1ced in the interval between 14 and 21 doses.

All animals given

doses of 272.5 mg/kg had weight loss and histologic changes in the liver,
kidneys, gastrointestinal mucosa and hematopoietic tissues.
logic changes were seen at 54.6 mg/kg,
lowest dose.

Minimal histo-

and no effects were noted at the

Animals that survived the higher dose had increases in SGPT,

SAP, bilirubin and cholesterol.
Subchronic

toxicHy studies

on monochlorobenzene were conducted under

the auspices of the National Toxicology Program (NTP, 1983b}.
gations were completed using 10 male and 10 female B6C3F
10 male and 10 female F344/N rats.

mice and using

The monochlorobenzene was administered

by gavage using a corn oil vehicle, in a volume of 5
for 13 weeks.

1

The ·1nvesti-

m~/kg

bw, 5 days/week

The mono ch l orobenzene doses used were O, 60, 125. 250, 500

and 750 mg/kg bw.
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The mouse study resulted in 13-week survival rate of 100% (10/10), 100%
(10/10), 100% (10/10), 44% {4/9), 0% (0/10) and 0% (0/10) in male mice and
90% (9/10), 100% (10/10), 10.0% (10/10), 60% (6/10). 30% (3/10) and 0% (0/10)
in female mice for the 0, 60, 125, 250, 500 and 750 mg/kg dose groups,
respectively {NTP,

1983b).

Body weight gains during the 13 weeks were

decreased when compared with control animals in the surviving male mice, 27%
for

the 60 and 125 mg/kg groups, and 82% for

the 250 mg/kg group.

A

decrease in body weight gains in surviving female mice was seen only in the
250 and 500 mg/kg dose groups (50% decrease in both groups).
compound-related

effects

were found

in

No clear

the surviving monochlorobenzene-

treated mice from the hematologic and clinical analyses performed.

Polyuria

was noted in the 750 mg/kg male group and the 500 mg/kg female group.
Significantly increased excretion of coproporphyr ins were observed in surviving

female

mice

receiving 250 and

500 mg/kg.

No changes

in

liver

porphyrin concentrations were observed in any of the male or female mice.
At sacrifice increased liver weights were observed in surviving male mice at

125 and 250 mg/kg and surviving female mice at 250 and 500 mg/kg.
dependent

monochlorobenzene-induced

injury was

revealed after

examination of liver, kidney, bone marrow, spleen and thymus.

Dose

histologic
Except for

two male mice each with hepatic necrosis in the 60 and 125 mg/kg dose
groups,

the observed tissue injuries, which were graded as severe, only

occurred in the 250, 500 and 750 mg/kg dose groups.

The liver lesions

consisted of focal hepatocytic necrosis and centrilobular hepatocyte degeneration at 250 mg/kg and centr1lobular hepatocellular necrosis at 500 and
750 mg/kg dose levels.

Nephropathy was observed in female mice at 250 mg/kg

dose, and in male mice at 250, 500 and 750 mg/kg doses.

Both sexes of mice

had myeloid depletion of the bone marrow at doses >250 mg/kg.
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Doses of >250

mg/kg caused necrosis of the thymus and doses of
depletion
should

in

the

thymus.

be considered a

Based on

these

~500

results,

mg/kg caused lympho1d
60 mg/kg

lowest-observed-adverse-effect

level

in corn 011
(LOAEL).

But

this was the lowest dose used.
The rat study resulted in a 13-week survival rate of 90% (9/10), 100%
(10/10), 100% (10/10), 100% (10/10), 60% (6/10) and 10% (1/10) in male rats
and 100% ( 10/1 O), 100% ( 1 Oil O), 100% ( 10/1 O), 100% ( l 0/1 o) , 70% (7 /1 o) and
20% (2110) in female rats for the 0, 60, 125, 250, 500 and 750 mg/kg dose
groups,

respectively

(NTP,

1983b).

Body

weight

ga1ns

over

the

13-week

period were depressed by 10% or more in the male rats receiving doses
mg/kg

and

in

hematologic

female

effects

rats

receiving

noted were at

500 and

750 mg/kg doses.

the 750 mg/kg dose

level

~250

The only

in surviving

males (increased reticulocyte percentage) and females (decreased white blood
cell count).
were

The only consistent effects observed in the serum chemistries

slightly

increased

activities

of

y-glutamyl

transpeptidase

alkaline phosphatase in female rats receiving 500 and 750 mg/kg.
mg/kg male rats were observed to have a doubling of
output.

their

and

The 750

24-hour

urine

Increased urinary excretion of uroporphyrins was observed in male

rats at 750 mg/kg dose and of coproporphyrins in male rats at 500 and 750
mg/kg doses and in female rats at 500 mg/kg dose.
in

hepatic

porphyrin

levels.

At

sacrifice,

No changes were observed
monochlorobenzene-related

histological changes were found in the 11ver, kidney,
and thymus.

bone marrow,

spleen

Liver lesions were classified as centrilobular hepatocel'lular

necrosis (minimal at 250 mg/kg, minimal to moderate at 500 mg/kg, and moderate at 750 mg/kg for both sexes of rats).

Mild to moderate nephropathy was

observed in male and female rats at 750 mg/kg and in male rats at 500 mg/kg.
Both male and female rats exhibited lymphoid depletions of the thymus and
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spleen at the 750 mg/kg dose and myeloid depletion of the bone marrow at the
500 and 750 mg/kg doses.

From these rat data the lowest-observed-adverse-

effect level (LOAEL) ls 250 mg/kg and the NOEL is 125 mg/kg when given in
corn oil.
7.3.3.

Chronic

Toxicity.

Two-year

chronic

bioassay

studies

using

monochlorobenzene were conducted under the auspices of the National Toxicology Program (NTP, l983b).

The investigations were conducted using 50 male

mice and 50 male and 50 female F344/N rats. Mono1
chlorobenzene was administered by gavage in a corn oil vehicle, at a volume

and 50 female B6C3F

of

5

m~/kg,

5 days/week for

103 weeks.

The dosage groups

used were

untreated, 0, 60 and 120 mg/kg for male and female rats and female mice, and
untreated, 0, 30 and 60 mg/kg for male mice.

The test compounds were 99%

pure.
The mouse study revealed no monochlorobenzene-related clinical signs of
toxicity or differences in mean body weights among test groups during the
105-week test period (exposure duration 103 weeks).

Survival rates over the

test period in the male mice were 70% (35/50), 78% (39/50), 56% (28/50) and
58% (29/50) for the untreated control, vehicle control (0), 30 and 60 mg/kg
dose groups,
(37/50),

80%

respectively.
(40/50),

82%

Survival rates for
(41/50)

and

76%

the female mice were 74%
(38/50)

for

the

untreated

controls, vehicle controls (0). 60 and 120 mg/kg dose groups, respectively.
The only monochlorobenzene dosed group found to be significantly different
from controls
Histological

in survival
findings

Carcinogenkity.

No

rates was the 30 mg/kg male group (p=0.031).

of neoplasms will
statistically

be discussed

significant

in Section 7.3.5.

increased

or

decreased

incidences in site-specific tumors or non-neoplastic pathology were found in
either the male or female mice (NTP, 1983b).
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The rat study revealed no monochlorobenzene-related clinkal
toxicity during

the 104-week study period

signs of

(exposure duration 103 weeks).

The only differences noted in body weights during this study were increased
body

weights

study

year.

in

the

The

monochlorobenzene-treated

only

significant

females

differences

in

during

survival

the
rates

second
were

observed in the male 120 mg/kg dose group which had significantly reduced
survival

rates

(p=0.014 as

compared with vehicle control).

The survival

rates during this study were 68% (34/50), 78% (39/50), 64% (32/50) and 52%
(26/50)

in male rats and 74% (37/50),

58% (29/50),

60% (30/50) and 62%

(31/50) in female rats for the untreated controls, vehicle controls (0), 60
and 120 mg/kg dose groups, respectively.

Histological findings of neoplasms

will be discussed in Section 7.3.5. Carcinogenicity.

Histological evalua-

tion of liver tissue provided equivocal evidence for mild monochlorobenzeneinduced hepatocellular necrosis.

The control rat livers were observed to

have more basophilic cytoplasmic changes than the monoch lorobenzene-trea ted
rats (NTP, 1983b).
7.3.4.

Mutagenicity.

Studies

of

the

mutagenicity

of

monochlorobenzene

have yielded mixed results, with the greater proportion of the studies being
negat1ve.
7.3.5.

These are summarized in Table 7-5.
Carcinogenicity.

The only study available on

chlorobenzene for carcinogenic potential
Toxicology

Program

(NTP),

1983.

The

the assay of mono-

is one conducted by the National

conditions

of

this

experiment were

described in Section 7.3.3.
7.3.5.1.

RAT STUDY -- In the case of the F344/N rats, dose selection

was made as a result of observations
described in Section 7.3.2.
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in the 13 week subchronic study as

TABLE 7-5
Mutagenicity Testing of Monochlorobenzene

Test System

...J
I
I'\)

l..ri

!sperigillus nidulans
Salmonella strains
TA1535, TA1537, TA1538,
TA92, TA98, TAlOO
Salmonella typhimurium
strains
Salmonella typhimurium
strains
Saccharomyces cerevisiae
Saccharomyces cerevisiae
Mouse lymphoma L5178Y
(forward mutation of TK)
DNA repair:
Escherichia coli
(polA+/polA-)
Bacillus subtilis
(rec-/rec+)
Streptomyces antibioticus
NR

=

Not reported

Metabolic
Activation

Concentration

Result

Reference

+

200 µg/m2.
0.1-0.5 µt/plate

negative
negative

Prasad, 1970
Simmon et al.,
1979

+

100 µg/plate

negative

Merck, 1978

+

150-3000 µg/plate

negative

DuPont, 1977

+

0.05-6%

posHive

+

-

negative
negative

+

0.01-5 µt/plate
0.001-0.l µt/m2.
0.0001-0.01 µt/mt

Simmon et al.,
1977
Monsanto, 1976
Monsanto, 1976

-

10-20 µt/plate

negative

Simmon et al.,
1979

-

10-20 µt/plate

negative

Simmon et al.,
1979

NR

p'os it i ve

Keskinova, 1968

In the 2-year study survival of males at the 120 mg/kg groups was
significantly reduced when compared with vehicle but not with untreated
controls.

Additionally, four accidental deaths occurred among the high dose

males, two at the low dose and one in a vehicle control male.

Among females

there were seven accidental vehicle control deaths, four at the low dose and
two at the high dose.
The histopathology review in the 2-year study resulted in conflicting
interpretation by different
necrosis,

pathologists with respect

to hepatocellular

hepatocellular basophilic cytoplasmic changes and granulomatous

inflammation.

The findings of the 2 different reviewers are given, as they

appear in the NTP report,

in Table 7-6.

It is not clear whether these

differing interpretations of non-neoplastic lesions have any bearing on the
single set of results reported for neoplastic nodules and carcinomas (Table
7-7).

In males no carcinomas were observed in the treated groups, but tbere

was a statistically sign1ficant increase in neoplastic nodules in the high
dose group and a margi na 11 y s i gn1f 1cant dose-response trend.

Neither neo-

plastic nodules nor hepatocellular carcinoma were increased in female rats.
In this study interstitial cell tumors of the tesUs showed a significant positive trend and the incidence in the high dose group was significantly d1fferent from the veh1cle control in the life-table test.

These

statistics are, however, without biological significance since the untreated
controls had incidence of 100%.

The vehicle control had 93.7% incidence and

the low dose 97.7% while the high dose had 100%.
Both pituitary tumors .(adenomas in female rats and combined adenomas and
carcinomas in male rats) and endometrial stromal polyps of the uterus showed
significant negative trends.
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TABLE 7-6
Nonneoplastic Lesions in F344 Rats Given Chlorobenzene
by Gavage for 2 Years*

Males

Number of livers
examined

Females

UC

vc

Low
Dose

High
Dose

UC

vc

Low
Dose

High
Dose

50

50

49

49

49

50

50

50

F1rst Reading
Hepatocellular
necrosis
Cytoplasmic
basophilia change
Inflammation

2

l

4

5

0

0

l

7

25

27

6

3

38

27

18

10

9

9

3

0

23

21

11

11

Second Reading
Hepatocellular
necrosis
Cytoplasmic
basophilia change

3

2

5

1

l

1

2

1

28

40

12

12

43

34

26

18

*Source: NTP draft, 1983b
UC

=

Untreated controls; VC

=

vehicle controls
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TABLE 7-7
Statistical Comparisons of Liver Tumors in Male Rats Treated with
Chlorobenzene and Vehicle Controlsa

Neoplastic nodule
Overall
Adjusted
Terminal
Life Table
Incidental Tumor Test
Cochran-Armitage Trend.
Fisher Exact Tests

Untreated
Control

Vehicle
Control

60 mg/kgb

120 mg/kgb

4/50(8%)
10.4%
2/34(6%)

2/50(4%)
4.53
0.39(0%)
P=0.005
P=O .011

4/49(83)
12. 5%
4/32(133)
P=0.255
P=0.290

8/49(16%)
29.3%
7/26(273)
P=0.010
P=0.021

P=0.027

P=0.329

P=0.043

2/50(43)
5. 13
2/39(53)
P=0.139N
P=0.139N

0/49(0%)
0.03
0/32(03)
P=0.283N
P=0.283N

0/49(0%)
0.03
0/26(03)
P=0.331N
P=0.331N

P=0.098N

P=0.253N

P=0.253N

4/50(8%)
9.4%
2/39 ( 53)
P=0.033
P=0.054

4/49(83)
12.53
4/32(13%)
P=0.532
P=0.570

8/49(16%)
29.3%
7/26(27%)
P=0.048
P=0.083

P=0.121

P=0.631

P=0.168

Carcinoma
Overall
Adjusted
Terminal
LHe Table
Incidental Tumor Test
Cochran-Armitage Trend.
Fisher Exact Tests
Neoplastic Nodule or Carcinoma
Overall
Adjusted
Terminal
Life Table
Incidental Tumor Test
Cochran-Armitage Trend.
Fisher Exact Tests

0.50(03)
0.0%
0/34(03)

4/50(8%)
10.4%
2/34(63)

asource: NTP draft. l 983b
bResults are compared with those of vehicle control.
N c Negative trend
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In the F344/N rats. therefore, the signHicant increase in neoplastic
nodules

in

the

liver of male animals at the 120 mg/kg/day dose group

provides some evidence for tumorigenicity of monochlorobenzene.
7.3.5.2.

MOUSE STUDY -- The choice of dose for the chronic study in

mice was based on the results of a 13-week subchronic test as described in
Section 7.3.2.

On the basis of these data it could be concluded that doses

up to 120 mg/kg probably could have been tolerated in the chronic study of
male mice, whereas only 60 and 30 mg/kg were actually used.

However, the

NTP draft document (dated Feb. 28, 1983) stated that "doses of 30 and 60
mg/kg were selected for male mice because of a perceived greater susceptibility of this sex to the toxic effects of chlorobenzene 11 •
The survival and body weight data in males during the chronic study also
suggest that larger doses could have been tolerated.

Body weights in both

dose groups and survival in the high dose group were comparable to controls.
Although survival was reported to be significantly reduced in the low dose
group (30 mg/kg),

two animals that died had foreign material in the lungs,

suggesting that gavage errors rather than toxicity was responsible for the
reduced survival in that group.

These two animals were included as deaths

from natural causes.
After histopatholog1cal analysis the NTP found that both tumor incidence
and non-neoplastic pathology were comparable to controls at all sites in
both male and female treated groups.

The test in mice therefore provided no

evidence of carcinogenicity at doses as high as 60 mg/kg.

Note, however

that the F344/N rats did not develop neoplastic nodules until the dose was
as high as 120 mg/kg.
In summary. the evidence for the carcinogenicity of monochlorobenzene
from the NTP study on F344/N rats and B6C3F 1 mice consists of the finding
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of a signHicant increase in neoplastic nodules in the liver in male rats
that received 120 mg/kg, for 5 days/week for 2 years.

If the IARC criteria

for classifying carcinogens were used, this evidence would be characterized
as limited to inadequate in animals.

Si nee there is,. no human evidence

relating to carcinogenicity, the overall IARC classHication is category 3,
and no conclusions can be made concerning the carcinogenicity of monochlorobenzene in humans.
7.3.6.

Reproductive and Teratogenic Toxicity.

Monsanto Company

(1978)

reported effects on the gonads of dogs exposed to monochlorobenzene vapor at
0, 0.76, 1.47 and 2.0 mg/1 for 6 hours/day, 5 days/week for a total of 62
exposures.

Two of four male dogs in the high dose group developed bilateral

atrophy of epithelial tissue in the seminiferous tubules.

These effects are

consistent with an earlier Monsanto (1967a) study where four male and four
female dogs were orally given monochlorobenzene at 27 .3, 54.6 and 272.5
mg/kg/day doses for 13 weeks.

Three of the four male dogs in the high dose

group had decreased spermatogenesis and this group also had tubular atrophy
and epithelial degeneration.

These effects, however, were seen only at

levels sufficiently toxic that the dogs died or were moribund.
Ra ts exposed to monoch l orobenzene vapor at O. O. 76. l. 47 and 2. 0 mg/!l.
for

6 hours/day,

5 days/week for a total of 62 exposures showed less

definite gonadal responses (Monsanto, 1978).

The 2.0 mg/!!. exposed female

rats exhibited significantly higher gonad-to-body-weight ratio when compared
to control females.
No

studies

regarding

the

teratogenicity

of

monochlorobenzenes

were

available for review.
7.4.

INTERACTIONS
Monochlorobenzene produces a variety of alterations in enzyme function

and would, therefore, be expected to influence the metabolism and toxicity
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of a variety of compounds or vice-versa.

Shelton and Weber (1981) investi-

gated the hepatotoxicity of a mixture of cc1
molar ratio) to male CF-1 m1ce.
corn oil (0.01 mil.lg bw).

4

and monochlorobenzene (l :38

The mixture was given

For the mixture of cc1

4

intraperiton~ally

1n

and monochlorobenzene.

the plasma analine am1notransferase dose-response curve did not deviate from
that predicted on the basis of dose addition.
7.5.

SUMMARY
Acute exposure to monochlorobenzene by inhalation causes sensory irrita-

tion of the respiratory system after a few minutes; exposure for several
minutes to several hours causes narcosis and central nevous system depression. which can result in death.
routes.

Systemic

Subchronic

effects

of

It is also toxic by the oral or parenteral
acute

inhalation exposure at

toxic

doses

1.0 mg/m 3

include

(continously

kidney damage.
for

60 days)

causes neurotoxic effects in rats. an increase in blood cholinesterase and
abnormal chronaxia of the muscles.
benzene

at

250

ppm

(1157

kidneys and adrenal cortex.

Repeated exposure of rats to monochloro-

mg/m 3

)

causes

slight

changes

in

the

liver.

Repeated oral dosing of rats or dogs (100-200

mg/kg/day) causes some toxic manifestation in the liver and kidneys.
Gavage administration of monochlorobenzene to mice and rats 5 times/week
for 13 weeks resulted in increased mortality in the higher dose groups

(~250

mg/kg). urinary porphyria and dose-dependent injury to the liver. kidney.
bone marrow. spleen and thymus.

A set of similar studies were conducted in

mice and rats for 2 years and resulted in some increased mortality in the
ma 1e monoch lorobenzene exposed groups when compared with contro 1s.
equivocal

evidence

for

mild

monochlorobenzene-induced

necrosis was found in rats.
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Only

hepatocellular

Although one study in Streptomyces found monoch lorobenzene to induce
reversion to vHamin

s1 prototrophy and one study 1n Saccharomyces cere-

vis1ae showed 1ncreased mHot1c cross1ng over (1nd1cation of DNA damage),
several other studies with bacterial, fungal and mammalian t1ssue cul. .ture
systems were negative.

The carc1nogen1c act1v1ty of monochlorobenzene was

tested in the NTP bioassay program in two rodent species at doses of 60 and
120 mg/kg bw/day in male and female rats and female mice, and at 30 and 60
mg/kg

bw/day

in

male mice.

The

significantly

increased

incidence

of

neoplastic nodules in the livers of high dose males provided some, but not
def1nitive, evidence for carcinogenic activity of monochlorobenzene.
Repeated exposures to monochlorobenzene at 2.0 mg/R. (vapors) or 272.5
mg/kg/day (oral) were found to cause atrophy of the ep1thelial t1ssue of the
seminiferous tubules and decreased spermatogenes1s in male dogs and rats and
increased gonad we1ght/body weight ratios in female rats.

These effects in

dogs, however, were seen only at levels sufficiently toxic that the dogs
died or were moribund.
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8.

DICHLOROBENZENES

The 1983 annual production of dichlorobenzenes in the United States is
estimated to be between 46.7 and 50.2 million kilograms (U.S. EPA, 1983).
These materials are used primarily as fumigants, insecticides, solvents, dye
carriers

and

space

deodorants

(Hawley,

1977).

Measurable

levels

of

dichlorobenzenes have been reported in ambient urban and rural air and in
samples of indoor air, in ground, surface and wastewater and in runoff from
hazardous waste sites (see Section 4.3.).

Residues have been found in fish

and other aquatic organisms and in samples of human fat, blood, breath and
urine (see Section 4.3.3.).

Human exposure is most likely through the

inhalation of air and ingestion of contaminated food and drinking water.

8.1.

PHARMACOKINETICS

8.1.1.

Absorption.

The dichlorobenzenes have low water

solubility and

high lipid solubility and therefore are likely to diffuse through most biological membranes, including the surfaces of the lungs and gastrointestinal
tract and

the

skin.

The absorption of

dichlorobenzenes

by

humans

is

indicated by poisonings that have resulted from exposures by inhalation or
ingestion.

Quantitative studies of the absorption of dichlorobenzenes in

humans and animals are lacking.

The available data indicate that absorption

does occur fairly rapidly through the lungs and gastrointestinal tract.
Skin absorption has not been tested adequately.
Twenty-three cases of poisoning by dichlorobenzenes have been reported
in

the

available

literature and

provide

evidence

of

human

absorption

(Downing, 1939; Perrin, 1941; Petit and Champeix, 1948; Sumers et al., 1952;
Weller and Crellin, 1953; Cotter, 1953; Hallowell, 1959; Frank and Cohen,
1961; Gadrat et al., 1962; Nalbandian and Pearce, 1965; Girard et al., 1969;
Campbell and Davidson, 1970; Ware and West, 1977; Harden and Baetjer, 1978).
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Of these cases, 5 involved 1,2-dichlorobenzene as the principal or significant source of exposure and 11 involved 1,4-dichlorobenzene.

Inhalation was

the primary route of exposure for 17 of the cases and 3 involved ingestion.
Three of the cases also mentioned previous dermal exposures that may have
contributed to the reported intoxication.
Hawkins et al. (1980) exposed ten female CFY rats to a nominal air concentration of 1000 ppm of l ,4-dichloro-[ 14 C]benzene, 3 hours/day for up to
10 days.
daily

In parallel experiments, groups of 20 female CFY rats were given

oral

or

subcutaneous

doses

benzene dissolved in sunflower oil.
of

i 4

c

(250 mg/kg/day)

of

l,4-dichloro-[ 14 C]-

Twenty-four hour tissue concentrations

were sim1lar for each treatment route, with the highest concentra-

tfons occurring in the fat, kidneys, liver and lungs.
appears

to be well absorbed

through both

the

1,4-Dichlorobenzene

lungs and gastrointestinal

tract; however, no quantitative measures of absorption were attempted.
Kimura et al. (1979) administered 200 or 800 mg/kg of 1,4-dichlorobenzene in corn oil orally to male Wistar rats and monitored the appearance of
the chemical in blood, adipose, kidney, liver, lung, heart and brain tissue.
At

the first time point, 30 minutes after dosing, all

these tissues con-

tained measurable amounts of dichlorobenzene, with liver and adipose tissue
having 2 and 10 times the concentrations seen in the blood, respectively.
Three other studies have suggested that dichlorobenzenes can be almost
completely absorbed from the gastrointestinal tract.
dosed

chinchilla rabbits

Azouz et al.

(1955)

intragastrically with 1.5 g 1,4-dichlorobenzene/

rabbit in olive oil and did not detect any of the compound in the feces,
implying that under the conditions of this study, a total absorption had
occurred.

Hawkins

et al.

(1980)

1,4-dichlorobenzene (250 mg/kg)

administered a

single dose of

labeled

to rats with cannulated bile ducts, which
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prevented fecal excretion of the absorbed metabolized compound.

During the

following 24 hours, 9% of the label was present in the feces, representing
the unabsorbed portion of the dose.

1,2-Dichlorobenzene and other organic

contaminants of water were administered to rats in the diet at levels of
0.4-2 mg/kg/day (Jacobs et al., 1974a,b).

The accumulation of the compound

in several tissues indicated that absorption occurs after the ingestion of
low levels of 1,2-dichlorobenzene.
Riedel
benzene

(1941) has investigated the dermal absorption of l ,2-dichloro-

in rats.

No quantitative measurements were made;

however,

five

applications were lethal when the compound was appl1ed directly to a 10
cm 2 area of abdominal skin.
In summary, we may say that absorption of dichlorobenzenes can occur
through the lungs, skin and gastrointestinal tract.

Quantitative studies of

absorption through the lungs and gastrointestinal tract are lacking, as well
as good quantitative studies on dermal absorption.
8.1.2.

D1str1but1on.

The low water and h1gh

1'pid

solub1lity

of

the

di ch lorobenzenes f ac il Hates the dHf us ion of the di ch lorobenzenes through
membranes and therefore enhance their Ussue- distribution.

Several studies

in animals have quantified the degree and time course of the distribution of
dichlorobenzenes

after

inhalation

or

oral

ingestion

and

indicate

rapid

distribution to blood, adipose, kidney, liver, lung, heart, brain and muscle
tissue.
Hawkins et al.

(1980)

investigated the distribution and excretion of

1,4-dichlorobenzene in adult female CFY rats (derived from Sprague-Dawley
rats) after repeated inhalation, oral and subcutaneous doses.

Radioactive

labeled 1,4-d1chlorobenzene was administered by exposing groups of 10 rats
to the compound at an atmosphere of 1000 ppm for 3 hours/day for 10 consecu-
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t1ve days or by oral or subcutaneous doses of 250 mg/kg/day for 10 days.
The 1nvest1gators reported t1ssue concentrat1ons after 2, 4, 6, 8 and 10
doses.

Rad1olabel was w1dely d1str1buted follow1ng each route of adm1nis-

trat1on, with the h1ghest concentrations occurr1ng 1n fat, k1dney, 11ver and
lungs (Table 8-1).
K1mura et al.

(1979) also prov1ded 1nformat1on on the d1str1but1on of

l,4-d1chlorobenzene.

T1ssue

levels

of

the

compound

were

mon1tored

at

intervals from 30 m1nutes to 120 hours in male W1star rats g1ven a single
200 mg/kg
interval,
µg/mi),

oral

in

fat and lher
respectively,

appearing 1n a 11
brain).

dose

of

corn

after

a

16-hour

fast.

At

the first

levels were 10 and 2 t1mes the blood levels (-9
with

the other

Levels in fat,

oil

lower

concentrations

of

tis sues examined (kidney,

kidney and liver

dichlorobenzene
lung,

heart and

t1ssue peaked between 6 and 12

hours (at -50, 2 and 0.5 times blood levels, respectively) and thereafter,
decreased along with the levels in the other t1ssues.

After 48 hours, con-

centrat1ons of 1,4-dichlorobenzene were below the detect1on 11m1t in all
tissues examined, except for fat tissue, which had detectable levels equal
to approximately one-fiftieth

of

peak concentrations at 120 hours post-

administration.
Tissue distribution after subchronic feeding of 1,2-dichlorobenzene was
1nvest1gated by Jacobs et al. (1974a,b), who administered the compound in a
mixture of other organic chemicals at doses of 0.4, 0.8 and 2 mg/kg/day for
4-12 weeks to rats.

A dose-related accumulation of 1,2-dichlorobenzene was

reported in abdominal and renal ·adipose t1ssue to an extent greater than
that seen in liver, heart and blood tissues.
Studies of tissue distribution of dichlorobenzenes after repeated inhalation exposure and single and subchronic oral exposure indicated that the
chemkals appeared in all of the major tissues soon after dosing w1th the
8-4

TABLE 8-1
T1ssue Concentrat1ons of 1,4-01chlorobenzene 1n Adult Female CFY Ratsa,b,c
(ppm)·

L1ver
Number
of Doses Inhalat1onc

CD
I

Oral

K1dneys
Subcutaneous

Lungs

Inhalat1on

Oral

Subcutaneous

lnhalat1on

Oral

Fat
Subcutaneous lnhalat1on

Oral

Subcutaneous

2

14

11

21

24

27

30

9

7

18

418

218

372

4

22

18

22

40

29

32

12

13

12

579

369

302

6

28

14

24

43

23

47

11

10

14

597

170

269

8

16

15

21

28

18

41

10

11

21

433

131

554

10

18

9

20

27

16

32

10

9

17

337

. 257

383

CJ'1

asource: Adapted from Hawk1ns et al., 1980
bfet1ale rats were exposed da1ly to 1,4-d1chlorobenzene v1a: 1nhalat1on, 1000 ppm for 3 hours/day; oral, 250 mg/kg 1n sunflower o1l;
·
subcutaneously, 250 mg/kg 1n sunflower 0·11 and k1lied 24 hours after last dos1ng.
cvalues represent the average from two an1mals

Mghest levels, 1n descending order, in adipose, kidney, 11ver and lung
tissue.

Peak concentrations are reached in all tissues within 4-12 hours,

followed by almost total elimination (Section 8.1.4.).

The pattern of dis-

tribution after inhalation, subcutaneous and oral administration is similar.
8.1.3.

Metabol1sm.

The

metabolism

of

the

dichlorobenzenes

has

been

investigated primarily in rabbits and rats; few data were available on
metabolism in humans.

Several studies have shown the primary metabolites to

be dichlorophenols that are conjugated with glucuronic and sulfuric acids
and excreted.

Formation of the dichlorophenols from 1,2- and 1,3-dichloro-

benzene appears to involve epoxidase enzymes and the formation of arene
oxide intermediates.
Azouz et al. (1955) studied the metabolism of 1,2- and 1,4-dichlorobenzene in rabbits given oral

doses of 500 mg/kg suspended in water for

1,2-dichlorobenzene and in olive oil for 1,4-dichlorobenzene.

The compounds

were metabolized primarily through oxidation to 3,4-dichlorophenol

(from

1,2-dichlorobenzene) and 2,5-dichlorophenol (from 1,4-dichlorobenzene) and
excreted in the urine in the form of glucuronic and sulfuric acid conjugates.

Mi nor metabo 1it es of 1. 2-dich l orobenzene inc 1uded the 4, 5- and 3, 4-

di ch lorocatecho ls and 3,4-dichlorophenylmercapturic acid; a minor metabolite
of

1,4-dichlorobenzene

is

2,5-dichloroquinol.

Metabolism

and

complete

elimination required

5-6 days

for

1,2-dichlorobenzene and >6 days for

1,4-dichlorobenzene.

Kimura et al.

(1979) found similar results in male

Wistar rats; oral administration of 200 or 800 mg/kg of 1,4-dichlorobenzene
resulted in the formation of one major metabo 1ite, 2, 5-di ch l oropheno 1, and
two minor sulfur-containing metabolites (<0.03% of the total dose).
two

compounds,

identified

as

2,5-dichlorophenol

methoxy

sulfoxide

These
and

2,5-dichlorophenol methyl sulfone, were excreted over a 5-day period and
were detected in blood, fat, kidney and liver tissues.
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Hawkins

et

al.

(1980)

investigated

the

metabolism of

radiolabeled

1,4-dkhlorobenzene in female CFY rats after repeated inhalat1on (1000 ppm
for 3 hours/day), ora 1 or subcutaneous ( 250 mg/kg/day) exposures.

After

dosing for 10 consecutive days, all of the label was metabolized and eliminated within 192 hours (8 days).

Both routes of exposure resulted in simi-

lar urinary and biliary metabolites, primarily 2,5-dichlorophenol sulfate
(46-54% of the total excreted) and 2,5-dichlorophenol glucuronide in the
urine (31-34%) and bile (30-42%).

Two minor metabolites were identified as

dihydroxydichlorobenzene and a mercapturic acid of 1,4-dichlorobenzene.
Parke and Williams (1955) studied the metabolism of 1,3-dichlorobenzene
in rabbits and found dichlorophenol to be the major metabolite, accounting
for 40% of the total amount of excreted metabolites.

2,4-Dichlorophenyl-

mercapturic acid and 3,5-dichlorocatechol were also detected.

No analogous

studies have been conducted in humans although Pagnotto and Walkley (1966)
reported that 2,5-dichlorophenol was present in the urine of men occupationally exposed to 1,4-dichlorobenzene by inhalation.

Several studies have

indicated that the dichlorobenzenes are also capable of inducing hepat1c
microsomal enzymes and enhancing the synthesis of porphyrins.

Rimington and

Ziegler (1963), Poland et al. (1971) and Ariyoshi et al. (1981) have reported

the .induction of

~-aminolevulinic

acid synthetase

doses of 250-1000 mg/kg of dichlorobenzenes.

in rats

by daily

This enzyme is involved in the

rate-limiting step of the synthesis of porphyrins and its induction is
necessary for an increase in the activity of cytochrome P-450 and other
xenobiotic metabolizing enzymes.
8.1.3.1.

COVALENT

BINDING -- Metabolism of

dichlorobenzenes

results

in the formation of reactive species, which may bind covalently to cellular
macromolecules.

This

binding may

lead
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to

some

toxic

effects

of

the

dichlorobenzenes.

Reid and Krishna (1973) studied the relationship between

the binding of metabolHes of halogenated aromatic hydrocarbons and the
\nduction of hepatic necrosis.

Labeled bromobenzene, 1,2- and 1,4-dichloro-

benzene, as well as other aromatic compounds, were injected intraperitoneally into Sprague-Dawley rats in 0.5 mmol/kg doses.

A correlation between

covalent binding of bromobenzene to protein and the time course and degree
of hepatic centrolobular necrosis was established.

1,2-Dichlorobenzene also

was found to bind to liver protein and the binding was enhanced by pretreatment wHh phenobarbHal.

1,4-Dichlorobenzene showed lHtle binding.

The

authors interpreted these results to mean that the hepatic injury induced by
1,2-dichlorobenzene was a result of the binding to protein of reactive
intermediates whose synthesis was increased by the induction of hepatic
xenobiotic-metabolizing enzymes.

1,4-Dichlorobenzene is

less

hepatotoxic

than 1,2-dichlorobenzene and does not bind to the same degree.

Similar

results were obtained for the bronchiolar necrosis occurring in lung tissue
(Reid et al., 1973).

B.1.4.

Excretion.

Hawkins et al. (1980) measured the excretion of

14

C

in female CFY rats following whole body exposure by inhalation (1000 ppm, 3
hours/day, 2-10 days), by oral (250 mg/kg/day) or subcutaneous (250 mg/kg/
day) routes of l ,4-dichloro[ 14 C]benzene.

Excretion occurred primarily via

the urine (91-97% of the total excreted) over a 5-day period after repeated
dosings had stopped, wHh only minor amounts occurring in the feces and
exp\ red a '\r.

Fol lowing a single oral dose to bile-duct-cannulated rats,

46-63% of the
bile.

This

14

C excreted during the first 24 hours was found in the

implies

that enterohepatic recirculation occurs

extent with this compound.

to a major

Excretion seemed to involve a rapid initial

phase followed by a slower extended excretion phase.
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Kimura et al. (1979) observed s1m11ar excret1on patterns in male Wistar
rats.

They suggested that the prolonged excretion of 1,4-dichlorobenzene

resulted from the release of unmetabolized material from fatty depots and
the

slow

excretion

rates

for

2, 5-d1ch lorophenyl

methyl

sulfone

and

2,5-dichlorophenyl methyl sulfoxide, two metabolites of 1,4-dichlorobenzene.
Azouz et al.

(1955) compared the excretion of l ,2-d1chlorobenzene and

1,4-dichlorobenzene given to chinchilla rabbits by stomach tube in an olive
011 solution.
of

Excretion rates were not determined; however, the excretion

the 1,2-isomer appeared

With

to be complete within 5-6 days after dosing.

the para isomer, appreciable excretion of metabolites still occurred

after 6 days.

Excretion of the meta isomer in chinchilla rabbits was found

to be virtually complete within 5 days after dosing by stomach tube us1ng an
olive oil solution (Parke and W1lliams, 1955).

One study has suggested that

similar metabolic

Pagnotto and Walkley (1966)

products

occur

1n humans.

reported that the appearance of dichlorophenol in the urine of workers that

were exposed to 1,4-dichlorobenzene began soon after exposure, peaked at the
end of the sh1ft and continued for several days.
8.1.5.

Summary.

The available data for rats, rabbits and humans 1ndicate

that the d1chlorobenzenes are absorbed through the lungs, gastrointest1nal
tract and 1ntact skin, though actual determ1nat1ons of absorpt1on rates were
not

located.

Once absorbed,

through eHher 1nhalat1on or 1ngestion,

the

dichlorobenzenes are rap1dly d1stributed to many tissues, including blood,
ad1pose,

k1dney,

11ver,

lung,

heart,

bra1n

and muscle.

D1str1bution is

pr1marily to ad1pose t1ssue, wh1ch has 1n1tial levels 10-32 times the blood
concentrat1ons

and

to

liver,

and

plasma.

muscle

lung

and k1dney
Single-dose

tissues
and

to a greater

repeated

exposures

inhalation and ingestion show similar patterns of distribution.
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extent
by

than
both

Elimination

of the d'\chlorobenzenes and thefr metabolites occurs w1th1n 5-6 days after
exposure, although el1m1nat1on from ad1pose t1ssue 1s slowest and 1,2-dichlorobenzene and metabolites are el1m1nated sl1ghtly more rap1dly than
1,4-dichlorobenzene.

The

d1chlorobenzenes

are

pr1mar1ly metabol1zed

by

hydroxylat1on to the1r respect1ve dichlorophenols, wh1ch are excreted 1n the
urine in the form of glucuronic and sulfuric ac1d conjugates.

Some metabo-

lites are excreted in the bile, although the majority are then reabsorbed by
the enterohepatic pathway and reexcreted in the urine.

Intermediates of the

metabolism of 1,2-dichlorobenzene, poss1bly arene oxides and the metabolite
conjugates, bind to liver protein and may be 1nvolved in the 1nduct1on of
hepatotoxkity.
8.2.

EFFECTS ON HUMANS

8.2.1.

Occupational Studies.

One occupat1onal study was available for

review.

Zapata-Gayon et al. {1982) performed chromosomal stud1es on 8 males

and 18 females who were accidentally exposed to vapors of 1,2-dichlorobenzene for four 8-hour workdays.

Karyotypes of cells from samples of periph-

eral blood from the exposed subjects were compared with those obtained from
16 controls {8 male, 8 female).
occupational histories:

Exposed subjects and controls had similar

all worked in a biological laboratory performing

electron microscope and t1 ssue culture work.

Recent hi story of prolonged

X-ray exposure, infection or exposure to other toxic chemicals was not found
among the subjects.

The exposure to 1,2-dichlorobenzene, which resulted

from its use as a pest control in the basement of a one-story building,
caused dizz1ness, headache, fatigue, nausea and eye and nose irritat1on in
all but four of the subjects.

Karyotype analysis, performed independently

by two cytogeneticists, found that the total number of altered cells, identified as having clastogenic chromosomal alterat1ons, was greater in the
17posed versus control groups {8.9 vs. 2.0%, p<0.001, multiple chi-square
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tests).

In addition, the total number of single chromosomal breaks (6.2 vs.

0.9%, p<0.001) and double breaks (6.4 vs. 1.6%, p<0.001) were different.

A

follow-up study was conducted on 15 of the original exposed cases 6 months
after the initial exposure.

The investigators reported that the number of

altered cells and single breaks was not significantly different (p<0.05)
from the original control frequencies, but that the number of double breaks
was increased (3.7 vs. 1.6%, p<0.01).

No analysis of the number of altered

cells/person was performed, although these data, reported in the form of a
histogram, showed distinct differences (Table 8-2).

The investigators also

noted the presence of other aberrations (polyploidy and ring formation) that
were not statistically significant.
8.2.2.

Case Studies.

Numerous case studies have been reported in the

literature involving both long-term occupational exposure and accidental or
deliberate acute exposure.

Of these cases (a total of 23), 17 have involved

exposure primarily through inhalation, 3 through ingestion and 3 most likely
through dermal absorption.

The principal agent in 16 of these exposures was

1,4-dkhlorobenzene; the remainder involved 1,2-dichlorobenzene or mixtures
of all three dichlorobenzene isomers.

In all of these cases, toxic effects

have been reported in one or more of the following:

liver; blood, including

ret iculoendothel ia l sys tern; central nervous system; and respiratory tract.
A summary of these reports, which were compiled in U.S. EPA (1980c) with the
exception of Hardin and Baetjer (1978), is given in Table 8-3.
Two

surveys

of

the

health

of

workers

occupationally

1,4-dichlorobenzene during its manufacture have been reported.

exposed

to

Holl1ngs-

worth et al. (1956) reported that periodic medical examinations showed no
evidence of injury or adverse changes in hematology or eye lenses in workers

8-11

TABLE 8-2
Chromosomal Alterat1ons 1n Persons Acc1dentally
Exposed to l,2-D1chlorobenzene*

Percentage
Number of Altered Cells per Person

Control
(n=l6)

Exposed
(n=22)

0-1

83

5

2-3

19

35

4-5

0

29

>6

0

31

*Source: Adapted from Zapata-Gayon et al., 1982
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TABLE B-3
Case Reports Involvlng Dlchlorobenzenes (DCB)*

Subject and Exposure

Effects

l , 2-DCB (vapor)

Sewage workers; occupat1onal; 1nhalatlon; effluent from dry cleanlng establlshment

Eye and upper resp1ratory
tract 1rrltat1on; vom1t1ng

Dupont, 1938

1,2-DCB solvent m1xtures:
B~ 1,2-DCB;
1!>% 1,4-DCB;
2% 1,3-DCB

Male, 40 years; occupat1onal; use of solvent to
clean equ1pment; chron1c da1ly exposure probably
v1a 1nhalatlon of vapors, and dermal absorpt1on
from clothlng

Weakness, fatlgue; per1pheral lymphadenopathy;
chron1c lympho1d leukem1a

G1rard et al., 1969

1,2-DCB solvent m1xure:
95" 1,2-DCB;
5" 1,4-0CB

Female, lB years; occupatlonal; chronlc da1ly
1nhalat1on exposure to vapors as press1ng-lron1ng
worker

Severe acute hemolyt1c
Gadrat et al., 1962
anem1a; leukocytos1s, polynucleos1s; fat1gue, nausea,
headache; bone marrow hyperplas1a; poss1ble 1nherent
pred1spos1ng factor

1,2-DCB and other chlorobenzenes

Male, 60 years; occupat1onal; f1111ng barrels
w1th 1,2-DCB and other chlorobenzenes; chron1c
1nhalat1on of vapors (last 3 years); perhaps
also sk1n contact

Anem1a

G1rard et al., 1969

1,2-DCB 1n a m1xture

Male, 47 years; occupat1onal; handl1ng w1ndow
sashes d1pped 1n mlxture; chron1c sk1n contact
(also 1nhalat1on)

Contact eczemato1d dermat1t1s on hands, arms, face,
erythema, edema; bullae 1n
response to sk1n test

Down1ng, 1939

1,2-DCB (37" 1n solutlon)

Female, 15 years; nonoccupat1onal; chron1c
repeated dermal contact from compuls1ve use of
clean1ng solutlon on cloth1ng

Acute myeloblast1c leukem1a
progressing to 100% leukoblastos1s, hemorrhage and
death

G1rard et al., 1969

1,2-DCB solvent m1xture:
80% 1,2-DCB;
15" 1,4-DCB;
2% 1,3-DCB

Female, 55 years; nonoccupat1onal; chron1c
repeated 1nhalat1on of vapors from use of
solut1on to clean clothes; 1-2 l/year

Acute myeloblast1c leukem1a

G1rard et al., 1969

Female, 30 years; occupatlonal; chron1c 1nhalat1on and dermal contact from 2 years of se111ng
mothballs and 1nsect1clde products conta1n1ng
1,4-DCB

Weakness, nausea, splenomegaly, "severe hepatocellular derangement, and
ensu1ng portal hypertens1on" w1th esophageal
var1ces

Sumers et al., 1952

Chemlcal/Mlxture

CD
I
_,
CN

l,4~DCB

pr1mar1ly

Reference

TABLE B-3 (cont.)

Chem\cal/H\xture

Subject and Exposure

Effects

Reference

1,4-DCB prtmar\ly

Female, 34 years; occupattonal; chron\c \nhalat\on from demonstrat\ng 1,4-DCB products \n booth
\n department store

Hala\se, then acute nausea, Cotter, 1953
vom\t\ng, headache, jaund\ce, hepatomegaly, splenomegaly, esophageal var\ces,
and hemorrho\ds; subacute
yellow atrophy and c\rrhos\s
of 1\ver

1,4-DCB

Male, 52 years; occupat\onal; chron\c \nhalat\on of h\gh vapor levels \n a fur warehouse

Weakness, nausea, hemateme- Cotter, 1953
s\s, jaund\ce, emaclatton,
petechta, hemorrhages;
hepatomegaly, splenomegaly,
hemorrho\ds; prote\nur\a,
b\1\rub\nur\a; hematur\a;
anem\a, leukopen\a; subacute
yellow atrophy of 1\ver

1,4-DCB prtmar\ly

Female, 19 years; occupat\onal; crush\ng, pour\ng,
s\ev\ng, f\11\ng conta\ners: poor vent\lat\on;
chron\c \nhalat\on of vapors

Marked asthen\a, d\zz\ness,
we\ght loss; anemla and
reactlonal leukocytosls

Pet\t and Champe\x, 1948

1,4-DCB

Female, occupattonal; cast\ng 1,4-0CB \n molds;
chron\c \nhalat\on

Severe anem\a

Perrtn, 1941

1,4-DCB

Male, 20 years and workmates; occupattonal;
1,4-0CB manufactur\ng actlvlt\es, 1-7 months
of exposure; \nhalatlon

We\ght loss, exhaust\on,
and decreased appetlte;
methemoglob\nem\a and
other blood patholog\es

Ware and West, 1977

1,4-DCB

Male, 62 years; nonoccupat\onal; used "moth
k\ller" product ln bathroom at home, chronlc
\nhalatlon of vapors, and wear\ng of \mpregnated clothlng (posslble sk\n exposure)

Asthen\a, d\zz\ness:
anem\a, hypogranulocytos\s
(s\m\lar to cases of \ntox\cat\on by benzene)

Perr\n, 1941

1,4-0CB

Female, 36 years: nonoccupatlonal; use of
corrmerc\al moth klller ln home (presumably
lnhalatlon of vapors)

Acute \llness w\th \ntense
headache, profuse rh\n\t\s,
per\orb\tal swell\ng

Cotter, 1953

1,4-DCB

Male, 60 years; nonoccupatlonal; 3-4 months
exposure to "moth gas vapor" \n home

Headache; we\ght loss;
d\arrhea; numbness; clums\ness; jaund\ce: enlarged
1\ver; anem\a; neutropen\a;
asc\tes; death; acute
yellow atrophy of l\ver
noted at autopsy

Cotter, 1953

CD
I
_,
~

TABLE B-3 (cont.)

Chem1cal/M1xture

Subject and Exposure

Effects

Reference

1,4-DCB

Female, w1fe of above, nonoccupat1onal; prolonged
severe exposure to "moth gas vapor"

Gradual loss of strength
Cotter, 1953
and we1ght, then abdom1nal
swell1ng and jaund1ce
before acute 1llness; elevated temperature and pulse,
d1lated vessels, swollen
11ver, tox1c granulocytos1s;
d1ed 1 year later; acute
yellow atrophy of 11ver,
Laennec's c1rrhos1s and
splenomegaly noted at autopsy

1,4-DCB

Female, 53 years; nonoccupat1onal; used moth
erad1cator product heav1ly 1n home for 12-15
years, odor always apparent; chron1c 1nhalat1on
of vapor

Chron1c progress1ve cough
and dyspnea w1th muco1d
sputum, wheez1ng, fat1gue,
d1m1n1shed breath sounds
and rales; abnormal lung
f1eld on X-ray; f1brot1c,
rubbery lung w1th h1stolog1c changes; d1agnos1s:
pulmonary granulomatos1s

Weller and Crell1n, 1953

1,4-DCB

Hale, 3 years; nonoccupat1onal; played w1th
can1ster of demoth1ng crystals, spread1ng on
floor, handl1ng; 1ngest1on, 11kely acute

L1stlessness, jaund1ce,
ol1gur1a, methemoglob1nur1a
and other ur1ne abnormal1t1es, anem1a, hypotherm1a;
d1agnos1s: acute hemolyt1c
anem1a

Hallowell, 1959

1,4-DCB

Female, 21 years; nonoccupat1onal; 1ngest1on
dur1ng pregnancy (p1ca) of to1let a1r freshener
blocks at rate of 1-2/week

Fat1gue, anorex1a, d1zz1ness, edema of ankles;
hypochrom1c m1crocyt1c
anem1a; bone marrow normoblast1c hyperplas1a; d1agnos1s: tox1c hemolyt1c
anem1a; complete recovery

Campbell and Dav1dson,
1970

1,4-DCB

Female, 19 years; nonoccupat1onal; 1ngest1on
(p1ca), 4-5 moth pellets da1ly for 2.5 years

Increased sk1n p1gmentat1on Frank and Cohen, 1961
1n areas 3-7 cm 1n d1ameter
on 11mbs; mental slugg1shness; tremor; upon w1thdrawal, unsteady ga1t along
w1th decrease 1n p1gmentat1on

CD
I
--'

c.n

TABLE 8-3 (conl.)

Chem\cal/H\xlure

Subject and Exposure

Effects

Reference

1,4-DCB

Hale, 69 years; nonoccupat\onal; dermal exposure,
presumably \nterrupted; ep\sode prec\p\tated by
use of cha\r treated w\th 1,4-DCB

Dyspnea followed by st\ff
neck; "t\ghtness• \n chest,
"gas pa\ns" \n abdomen;
syrrmetr\cal petech\a and
purpura on extrem1t\es,
swell\ng d1scomfort; stool
occult blood pos1t1ve,
blood cells \n ur\ne; and
1ncreased BUN; basoph11
degranul. test pos\t\ve
for 1,4-DCB; d\agnos\s:
allerg\c (anaphylacto\d)
purpura and acute glomerulonephr 1t 1s

Nalband\an and P\erce,
1965

1,4-DCB (and naphthalene)

Female, 68 years; occupat\onal; \nhalat\on and
dermal exposure to mothproof\ng agents for 1
month/year for 39 years

Aplast1c anem1a

Harden and Baetjer, 1978

CD
I
--'

O'I

*Source: U.S. EPA, 1980c

exposed to airborne concentra ti ans averaging 270-630 mg/m 3
plained of eye and nose irritation at levels >800 mg/m 3

Workers com-

•

Another survey,

•

conducted at a 1,2-dichlorobenzene manufacturing facility, reported ambient
levels

of

6-264 mg/m 3

Occasional

medical

(90 mg/m 3

examinations,

average)

(Hollingsworth

et

hematology

and

including

al.,

1958).

urinalysis,

revealed no evidence of injury or adverse hematologic effects attributable
to the exposure.
8.2.3.

Summary.

dose-response

Epidemiologic

associations.

data

are

insufficient

Possible chronic effects

to

evaluate

of exposure

to

the

dichlorobenzenes are indicated by case reports of the chronk exposure of
individuals,

1.e.,

repeated exposures over a period of more than a year,

suggesting a common set of toxic effects, those of the reticuloendothellal
and hematopoietic systems and those of the liver.

Of the 23 cases in the

literature, 17 involved pathological changes in the blood or liver, including chronic lymphoid leukemia,, acute hemolytic anemia, aplastic anemia and
bone marrow hyperplasia.
defined

in

terms

of

Although the exposures in these cases are not well

concentrations

or

duration

of

exposure

and

often

involved other toxic substances, together they suggest a common pathologic
action of the dichlorobenzenes on bone marrow and other organs of the bloodforming system.

The one available epidemiologic study (Zapata-Gayon et al.,

1982) supports this generalization in that the reported short-term exposure
to 1,2-dichlorobenzene (8 hours/day for 4 days) produced alterations in the
chromosomes of leukocytes.

This epidemiologic study did not establish an

association between chromosomal alterations and the pathologic changes that
characterize the case studies.

8.3.

MAMMALIAN TOXICOLOGY

8.3.1.
of

Acute Toxicity.

1,2- and

Many studies have investigated the acute toxicity

1,4-dkhlorobenzene,

but
8-17

no

studies

were

available

on

l,3-d1chlorobenzene.

In

general,

the

acute

toxic

effects

of

1,2- and

1 ,4-dichlorobenzene have shown a similar profile of effects in all of the
species tested and depend to a certain degree on the route of administration.

For oral administration, these effects include, initially, increased

lacr1mat1on, salivation and excitation followed by ataxia, dyspnea and death
from respiratory paralysis, usually within 3 days.

On autopsy, the animals

were found to have enlarged livers with necrotic areas, submucosal hemorrhages of

the stomach,

necrotic changes of the kidneys and brain edema.

After acute inhalation, the toxic effects observed were eye and nose irritation,
Lethal

liver

and

kidney

doses for

necrosis

both oral

and

central

nervous

system depression.

and inhalation routes for 1,2-dichlorobenzene

tend to be one-half to two-thirds of the values for 1,4-dichlorobenzene.
Acute dermal application of 1,2-dichlorobenzene results in local irritation
and absorption of amounts which can be lethal.

Acute toxicity data for

1,2- and 1,4-dichlorobenzene, as compiled by U.S. EPA {1980d), are given in
Tables 8-4 and 8-5, respectively.
Hollingsworth et al. (1956, 1958) determined the acute oral toxicity of
1,2-dichlorobenzene (50% in olive oil) in 10 guinea pigs of mixed sex and
1,4-dichlorobenzene (20 or 50% in olive oil) in rats and (50% in olive oil)
1n guinea pigs.

The intubation of guinea pigs with 1,2-dichlorobenzene in

single oral doses of 800 mg/kg resulted in loss of body weight, but was
survived

by

subjects.
single

oral

all

subjects,

whereas

2000

mg/kg

doses

were

fatal

to

all

Intubation of rats and guinea pigs with 1,4-dichlorobenzene in
doses

of

1000 mg/kg and

1600 mg/kg

bw,

respectively,

were

survived by all the test animals, while doses of 4000 mg/kg and 2800 mg/kg
bw were found to be lethal to rats and guinea pigs, respectively.

8-18

TABLE 8-4
Acute Tox1c1ty of l,2-01chlorobenzene*

Spec1es

co

I
-'

Route of
Adm1n1strat1on

Concentrat1on
or Dose

Reg1men

Effects

Reference

Rat

1nhalat\on

5872 mg/m•

7 hours

lethal 1n 4/5

Holl1ngsworth et al., 1958

Rat

1nhalat1on

424S mg/m•

7 hours

lowest lethal concentrat1on

Chr1stenson and Fa1rch1ld,
1976

Rat

1nhalat1on

3239 mg/m•

7 hours

eye 1rr1tat1on, CNS depress1on,
11ver and k1dney damage

Ho111ngsworth et al., 1958

Gu1nea p1g

1nhalat1on

4808 mg/m•

24 hours

lowest lethal concentrat1on

Chr1stenson and Fa1rch1ld,
1976

Gu1nea p1g

oral

2000 mg/kg

s1ngle

100% mortalHy

Holl1ngsworth et al., 1958

Gu1nea p1g

oral

800 mg/kg

s1ngle

we1ght loss

Hol11ngsworth et al., 1958

RabbH

oral

1875 mg/kg

s1ngle

LD50

Varshavskaya, 1967a

Rat

oral

2138 mg/kg

s1ngle

LDso

Varshavskaya, 1967a

14ouse

oral

2000 mg/kg

s1ngle

LD50

Varshavskaya, 1967a

Gu1nea p1g

oral

3375 mg/kg

s1ngle

LD50

Varshavskaya, 1967a

Rat

dermal

tw1ce

lethal Hy

R1edel, 1941

Mouse

1ntravenous

520 mg/kg

s1ngle

lowest lethal concentrat1on

Chr1stenson and Fa1rch1ld,
1976

Rabb1t

1ntravenous

330 mg/kg

s1ngle

lowest lethal concentrat1on

Chr1stenson and Fa1rch1ld,
197&

U)

*Source: U.S. EPA, 1980d

unspec1f1ed
da11y for 5
app11cat1ons

TABLE 8-5
Acute Toxicity of 1,4-Dichlorobenzene*
Species

co

I
N

Route

Concentration
or Dose

Regimen

Effects

Reference

Rabbit

inhalation

10s mg/m3

30 minutes
daily

CNS depression, eye
and nose irritation

Domenjoz, 1946

Rat

inhalation

10 5 mg/m 3

30 minutes
daily

CNS depression, eye
and nose irritation

Domenjoz, 1946

Guinea pig

inhalation

10s mg/m3

30 minutes
daily

irritation, CNS depression, and death

Domenjoz, 1946

Guinea pig

oral

2800 mg/kg

single

100% lethal

Hollingsworth
et al., 1958

Guinea pig

oral

1600 mg/kg

single

100% survival

Hollingsworth
et a 1.. 1958

Rabbit

oral

2812 mg/kg

single .

LD50

Varshavskaya,
1967a

Rat

oral

500 mg/kg

single

LD50

Christenson and
Fairchild, 1976

Rat

oral

4000 mg/kg

single

100% lethal

Ho 11 i ngswor th
et al.. 1958

Mice

s .c.

5145 mg/kg

LD50

Irie et a 1. •
1973

0

*Source: Modified from U.S. EPA, 1980d
CNS = Central nervous system; s.c. = subcutaneous

Irie et al. (1973) reported the toxicity of 1,4-dichlorobenzene administered

subcutaneously

Inhalation

of

to

mice.

1,4-dichlorobenzene

They

reported

(dose not

an

L0

of 5.145 g/kg.
50
specified) resulted in meta-

chromasia of the nuclei and cytoplasm of liver cells.
The induction of hepatic porphyria by oral administration of dichlorobenzene has been reported in several studies.

Rimington and Ziegler (1963)

gave rats 1,2- and 1,4-dichlorobenzene at levels that increased over several
days to 455 and 770 mg/kg, respectively.
included

anorexia,

degeneration

and

weakness,
focal

clonic

necrosis.

Clinical observations of toxicity

contractions,
The

metabolic

hepatomegaly

and

liver

alterations

seen

were

increased urinary excretion of uroporphyrin, porphobilinogen and aminolevulinic acid (l,4-dichlorobenzene only).

The authors noted that 1,2-dichloro-

benzene appeared more acutely toxic and damaging to the liver, while 1,4-dichlorobenzene was more porphyrogenic.

Poland et al.

(1971) also induced

hepatic porphyria in rats by the daily gastric administration of 800 mg/kg
1,3-dichlorobenzene in peanut oil

over a 9-day period.

Urinary copropor-

phyrin excretion increased l day after the first dose, peaked at day 3 and
then decreased to a level 3 times the pre-dosing concentration.

The invest-

igators also found that the administration of l, 3 or 5 doses of 1,3-dichlorobenzene enhanced

the metabolism of

hexabarbital and bishydroxycoumarin,

and interpreted these results to indicate that 1,3-dichlorobenzene induced
drug-metabolizing enzymes and enhanced its own degradation.
Enhancement of xenobiotic metabolism of the liver by the dichlorobenzenes and other halogenated benzenes has been confirmed by other studies.
Ariyoshi et al.

(1975a) treated female Wistar rats orally for 3 days with

250 mg/kg/day of each of the dichlorobenzene isomers.
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The activities of

several

hepatic

drug-metabolizing enzymes were

increased by these

treat-

ments, although none of the isomers increased the liver content of cytochrome

P-450.

Carlson

and

Tardiff

1,4-dichlorobenzene and other

(1976)

also

halogenated benzenes

stud1ed

the

effect

of

on hepatic metabolism.

Rats orally administered 10-40 mg/kg of the compound for 14 days showed
increased act1vHy of several metabol1c enzymes. glucuronyltransferase and
the detoxHi cation of hexobarbita 1 and O-ethyl-0-p-nitrophenyl-phenyl-phosphonothi oa te (EPN).
8.3.2.

Subchronic Toxicity.

Many subchronic toxicity studies of 1,2- and

1,4-dichlorobenzene have been conducted by the oral and inhalation routes of
administration.

Although

1,4-dichlorobenzene,

the

majority

the available data

of

these

studies

have

indicate that effects

been with
similar

to

those for 1,4-dichlorobenzene result from exposure to 1,2- and 1,3-dichlorobenzene.

In the subchronic inhalation studies {i.e .• those using repeated

doses over a period of weeks or months),
doses

{<1000

mg/m 3

but

>600

liver and kidney weight and
{>1000 mg/m 3

),

the

mg/m 3
liver

)

the toxic effects noted at low

were

growth

necrosis.

toxic effects were

liver,

At

depression,
higher

inhalation doses

lung and kidney pathology,

central nervous system depression, granulocytopenia and death.
level

at which no adverse effects were found was

1,4-dichlorobenzene administered

via inhalation

increased

The lowest

580 mg/m 3

to several

(96 ppm) of

species

for

7

hours/day, 5 days/week, over a 6- to 7-month period {Hollingsworth et al.,
1956).

Subchronic and chronic t0>cicity data for 1,2- and 1,4-dichloroben-

zene are presented in Tables 8-6 and 8-7, respectively.
Hollingsworth et al. (1958) exposed via inhalation groups of 20 rats, 8
guinea pigs and 2 rabbits of each sex plus 2 female monkeys to repeated
exposures

of

560

mg/m 3

{93

ppm)

1,2-dichlorobenzene
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for

7

hours/day,

TABLE 8-6
Subchronlc Toxlclty of 1,2-Dlchlorobenzene*
Route

Inhalat1on

Dr al

Concentrat1on
or Dose

Reg1men

Subject

Effect

Reference

560 mg/m 3

7 hours/day, 5 days/week,
6-7 months

rat, gu1nea
p1g, rabbH,
monkey

No effect on several parameters
except decreased spleen we1ghts
ln male gu1nea p1gs

Holl1ngsworth et al.,
1958

290 mg/m 3

7 hours/day, 5 days/week
6.5 months

rat, gu1nea
pig

No effect on several parameters

Holl1ngsworth et al.,
1958

455 mg/m•

dally up to 15 days

rat

Hepat1c porphyr1a

R1m1ngton and
Z1egler, 1963

376 mg/kg (tube)

5 days/week, 138 doses

rat

L1ver, k1dney we1ght 1ncrease;
cloudy swell1ng 1n 11ver.

Holl1ngsworth et al.,
1958

188 mg/kg (tube)

5 days/week, 138 doses

rat

Increase 1n 11ver and k1dney
welght

Holl1ngsworth et al.,
1958

18.8 mg/kg (tube)

5 days/week, 138 doses

rat

No effects noted

Holl1ngsworth et al.,
1958

0.01-0.1 mg/kg/day

5 months

rat

Hematopo1et1c system; altered
cond1t1oned reflexes; 1ncreased
prothromb t1me and altered
enzyme act1v1t1es

Varshavskaya, l967a

500 mg/kg

5 days/week, 13 weeks

rat

Increased 11ver we1ghts; polyur1a
1n males; 1ncreased ur1nary porphyr1ns; hepat1c necros1s and
degenerat1on; renal tubular
degenerat1on; thym1c lympho1d
deplet1on; and hematolog1c and
cl1n1cal changes

NTP, 1982

250 mg/kg

5 days/week, 13 weeks

rat

Increased 11ver we1ghts; hematolog1c and cl1n1cal changes;
hepat1c necros1s

NTP, 1982

125 mg/kg

5 days/week, 13 weeks

rat

Increased 11ver we1ghts; hematolog1c and cl1n1cal changes;
some hepat1c necros1s

NTP, 1982

60 mg/kg

5 days/week, 13 weeks

rat

Hematolog1c and cl1n1cal changes

NTP, 1982

30 mg/kg

5 days/week, 13 weeks

rat

Hematolog1c and cl1n1cal changes

NTP, 1982

TABLE 8-6 (cont.)

Route

Oral (cont.)

Reg1men

Concentrat1on
or Dose

Subject

Effect

Reference

500 mg/kg

5 days/week, 13 weeks

mouse

Increased mortal1ty: 1ncreased
11ver we1ghts: 1ncreased ur1nary
and 11ver porphyr1ns: hepattc
necros1s and degenerat1on: heart
and skeletal muscle les1ons:
lymphotd deplet1on of thymus and
spleen

NTP, 19B2

250 mg/kg

5 days/week, 13 weeks

mouse

Hepattc necrosts and degeneratton
1n males: no effects 1n females

NTP, 1982

30, 60, 125 mg/kg

5 days/week, 13 weeks

mouse

No effects

NTP, 1982

unspec1fted

repeated

rabbtt

Blood dyscras1as, (agranulocytosts)

Ware and West, 1977

CD
I
N
~

Subcutaneous

*Source: Mod1fed from U.S. EPA, 1980d

TABLE 8-7
Subchron\c and Chron1c Tox1c\ty of l,4-01chlorobenzene*

Route

Inhalat\on

co
I

Concentrat\on
or Dose

Reg1men

Subject

Effect

Reference

10 5 mg/m 3

0.5 hours/day, 5-9 days

rabb1t

Granulocytopen\a; 1rr\tat\on; CNS
and lung tox\c1ty; death (12/18)

Zupko and Edwards,
1949

4800 mg/m 3

8 hours/day, 5 days/week,
up to 69 exposures

rat, gu1nea p\g,
rabb1t

Severe \rr\tat\on; CNS depress\on
and collapse; l\ver, k\dney, lung
pathology; deaths

Holl\ngsworth et al.,
1956

4600-4800 mg/m3

8 hours/day, 5 days/week,

rabbH

Tremors, weakness, nystagmus;
some deaths

P\ke, 1944

2050 mg/m 3

7 hours/day, 5 days/week,
6 months

rat, gu1nea p\g

Growth depress\on, \ncreased l\ver,
k1dney we\ght; l\ver pathology
(necros\s, fatty degenerat\on,
swell\ng, f\bros\s)

Holl\ngsworth et al.,
1956

1040 mg/m 3

7 hours/day, 5 days/week,
16 days

rat, gu1nea p\g

Increased l\ver, k\dney we\ght
(rat); lung, l\ver pathology

Holl\ngsworth et al.,
1956

950 mg/m 3

7 hours/day, 5 days/week,
157-219 days

rat, gu1nea p1g,
rabb1t, mouse,
monkey

Growth depress\on (gu\nea p\g);
\ncreased l\ver, k\dney we\ght;
h\stolog\cal l\ver changes
(cloudy swell\ng, granular
degenerat\on) \n rats, no adverse
effects reported \n rabb\t, mouse
or monkey

Holl\ngsworth et al.,
1956

900 mg/m 3

8 hours/day, 2 weeks

mouse

Resp\ratory exc\tat\on; l\ver
pathology, deaths; at serum
concentrat\on of 39 mg/i

Ir1e et al., 1973

580 mg/m 3

7 hours/day, 5 days/weeks
6-7 months

rat, gu\nea p\g,
m1ce, rabbH,
monkey

No adverse effects on several
parameters

Holl\ngsworth et al.,
1956

500 ppm
(-3000 mg/m 3 )

5 hours/day, 5 days/week,
for 76 weeks followed by
36 weeks w1th no exposure

rat

Sl\ghtly elevated prote\n and
coproporphyr\n outputs, \ncreased
l\ver and k\dney we\ghts.

Loeser and L\tchf\eld,
1983

75 ppm
(-450 mg/m 3 )

5 hours/day, 5 days/week,
for 76 weeks followed by
36 weeks w1th no exposure

rat

Some \ncreases \n l\ver we\ghts

Loeser and L\tchf\eld,
1983

F'\.)

U'1

TABLE 8-7 (cont.)
ConcentraUon
or Dose

Route

Inhalatton
(cont.)

Oral

CD
I
N
C7'

Regtmen

Sublett

Effect

Reference

500 ppm
30GO PPllll

6 hours/day frOll days
6-15 of pregnancy

rat

5 dams out of 20 deltvered lttter
1 day early. one fetus wtth
agnathta and cleft palate

Loeser and Lttchfteld.
1983

200 ppm
(-1200 mg/ma)

6 hours/day frO!I days
6-15 of pregnancy

rat

1 dam out of 20 del1vered lttter
1 day early, one fetus w1th
gastroschtsts and malrotatton
of htndltmb

Loeser and Lttchfteld.
1983

75 ppm
(-450 mg/ma)

6 hours/day from days
6-15 of pregnancy

rat

1 dam out of 20 del1vered 11tter
1 day early, one fetus w1th
gastrosch1s1s and malrotatton
of h1ndl1mb

Loeser and L1tchfteld,
1983

1000 mg/kg per
dose (tube)

92 doses tn 219 days

rabb1t

CNS depress\on; we1ght loss;
ltver degeneratton and necrosts;
deaths

Holl\ngsworth et al.,
1956

up to 5 days

rat

Hepattc.porphyrta

Rtmtngton and Z\egler,
1963

500 mg/kg/day
(tube)

5 days/week, 20 doses

rat

Holltngsworth et al.,
1956

5000 mg/kg d1et

up to 35 days

Pektng duck

Hepat1c centrolobular necros1s;
cloudy swelltng, renal tubular
ep\theltum, and casts
Death tn 3/10. Retarded growth

500 mg/kg/day
(tube)

5 days/week, 263 doses tn
367 days

rabbtt

CNS depress1on; wetght loss; 11ver
pathology

Holl1ngsworth et al.,
1956

376 mg/kg/day

5 days/week, 138 doses \n
192 days

rat

Increased ltver and ktdney we1ght;
ltver c\rrhos1s and focal necros\s

Holl\ngsworth et al.,
1956

250 mg/kg/day

3 days

rat

Induced 11ver metaboltsm enzyme
system

Artyosh1 et al.,
1975a,b

188 mg/kg/day

5 days/week, 138 doses 1n
192 days

rat

Increased 11ver and k\dney we1ght

Ho111ngsworth et al.,
1956

20-40 mg/kg/day

2 weeks

rat

Induced 1\ver metabol1sm enzyme
system

Carlson and Tard\ff,
1976

18.8 mg/kg/day

5 days/week, 138 doses 1n
192 days

rat

No adverse effects detected

Ho111ngsworth et al.,
1956

(

00

770 mg/kg/day

*Source: U.S. EPA, 1980d

Holl1ngsworth et al.,
1956

5 days/week for

periods ranging up to 7 months.

They reported that this

exposure regimen did not result in any adverse effects on any of the animal
spedes tested.

Inhalation-exposed groups of ·20 rats and 8 guinea pigs of

each sex plus 10 female mice to repeated exposures of 290 mg/m 3
1,2-dichlorobenzene

for

7

hours/day,

5 days/week,

(49 ppm)

6.5 months again

for

resulted in no adverse effects on any of the tested animals.
Several species of laboratory animals were exposed to 1,4-dichlorobenzene vapor at each of five concentrations for 7 hours/day (8 for the highest
dose group), 5 days/week (Hol1'ngsworth et al., 1956).
(rats, guinea pi gs, rabbits) exposed to 4800 mg/m 3
exposures

included:

some deaths

(up

to

25%);

(

Effects in animals

798 ppm) for up to 69

marked

tremors,

weakness,

collapse, eye irritation, and reversible eyeground changes in rabbits, but
no

lens

changes;

weight

loss,

liver

degeneration

and

necrosis,

cloudy

swelling of renal tubular epithelium (rats); and lung congestion and emphysema

(rabbits).

(341 ppm)

for

Effects
6

months

in

rats

and guinea pigs

1ncluded:

growth

exposed at

depress1on

(male

2050 mg/m 3

gu1nea

pigs);

increased liver and kidney weights (male rats); and liver pathology (cloudy
welling,

fatty

animals.

Effects in animals exposed for as high as 12 exposure over 16 days

at 1040 mg/m 3

degeneration,

(173 ppm) were:

(guinea

pigs);

lobular

congestion

pulmonary

(guinea pigs);

creased

kidney

necrosis,

cirrhosis)

edema,

congestion,
degeneration

hemorrhage;
(rats).

weights

some of

liver weights

(rats);

and

(rats,

centrolobular

swelling or granular degeneration (rats).

hepatic

Effects

(158 ppm) for 157-219 days included:
increased

in

the

increased liver, spleen and kidney weights

and granular

exposed to 950 mg/m 3
sion

focal

centro-

in animals

growth depres-

guinea pigs)
hepatocellular

and

in-

cloudy

No adverse effects were observed

in rats, guinea pigs, rabbits, mice or a monkey exposed at 580 mg/m 3 for
6-7 months.
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In the corresponding subchronic oral stud1es. female rats (10/group.
strain not specif1ed) were dosed v1a stomach tube w1th 18.8, 188 or 376 mg
1,2-dichlorobenzene/kg/day. 5 days/week, for a total of 138 doses over 192
days (50% l ,2-d1chlorobenzene 1n ol1ve

011)

(Hol11ngsworth et al .• 1958).

No adverse effects on growth or mortalHy were observed at any dose level.
A dose of 376 mg/kg/day resulted 1n sl1ghtly 1ncreased 11ver and k1dney wet
weights, a slight decrease in spleen wet we1ght and sl1ght to moderate
cloudy swelling in the 11ver.

Sl1ght increases in 11ver and kidney wet

weights were observed at the 1ntermed1ate dose and no effects were noted at
the lowest dose (18.8 mg/kg/day).

Appl1cat1on of 1,2-dichlorobenzene to the

eyes of two rabb1ts resulted in sl1ght to moderate pain and sl1ght conjunct1val irr1tation which cleared completely within 7 days.
1,4-Dichlorobenzene was dissolved 1n ol1ve 011 and g1ven by stomach tube
to male adult rats · (2/group) at 10, 100 or 500 mg/kg 5 days/week for 4
weeks.

Centrolobular hepat1c necrosis and marked cloudy swel11ng of renal

tubular epithel1um w1th cast format1on occurred in an1mals given 500 mg/kg.
No adverse effects were observed at the lower dose levels (Hollingsworth et
al., 1956).
White female rats (10/group) were fed e1ther 18.8, 188 or 376 mg/kg of
1,4-dichlorobenzene in ol1ve 011 (emuls1fied w1th acac1a) by stomach tube 5
days/week for a total of 138 doses in 192 days (Hollingsworth et al .• 1956).
At the highest dosage level of 376 mg/kg/dose, increased 11ver and k1dney
we1ghts, and sl1ght hepat1c c1rrhos1s and focal necrosis were observed.
adverse effects were noted at the lowest dose level (18.8 mg/kg).
racts were observed in these exposures.

No

No cata-

The same 1nvestigators fed rabb1ts

(5/group) with l,4-d1chlorobenzene 1n ol1ve oil by intubation for up to 92
doses in 219 days at a level of 1000 mg/kg/dose.
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Another group received a

dose level of 500 mg/kg/dose 5 days/week for a total of 263 doses in 367
days.

Effects at the higher dose level (1000 mg/kg) included:

tremors.

weakness.

hepatic

necrosis. and deaths.
on

the

lower

dose

cloudy

swelling

and

a

few

weight loss,

areas

of

focal

Similar changes, but no deaths, were noted in rabbits
regimen.

No

cataracts

were

observed.

Peking

ducks

(10/group) fed 1,4-d1chlorobenzene in their diet at 0.5% (5000 mg/kg diet)
for 35 days experienced retarded growth and 30% mortality in 28 days, but no
cataracts were observed (Hollingsworth et al .• 1956).
Varashavskaya

(1967) administered 1,2-dichlorobenzene in sunflower oil

orally to rats at doses of 0.001.
period.

0.01

At the highest dose level,

marrow activity was' observed.

and 0.1 mg/kg/day over a 5-month

inhibition of erythropoiesis and bone

In addition, at this level, adrenal weight

and ascorbic acid content decreased, serum alkaline phosphatase and transaminase

activity

increased,

and

serum

glutathione

decreased.

Similar

effects were noted in the intermediate dose level animals, but not at the
lowest dose.

These results are in distinct contrast to those of Hollings-

worth et al. (1956) who found no effects at a dose level of 18.8 mg/kg after
a 6-month administration period.
Subchronic toxicity studies on 1,2-dichlorobenzene were conducted under
the auspices of the National Toxicology Program (NTP, 1982).
tions were conducted using 10 male and 10 female B6C3F
and 10 female f344/N rats/group.
by gavage

using a corn

oil

1

The investiga-

mice and 10 male

The 1,2-dichlorobenzene was administered

vehicle,

5 mt/kg.

5 days/week for

13 weeks.

The 1,2-dichlorobenzene doses used were 0, 30, 60, 125. 250 or 500 mg/kg.
The

l ,2-d1chlorobenzene

mouse

study resulted

in a decreased

survival

rate in the male 250 mg/kg dose group with a mortalHy rate of 10% (1/10)
and in the male and female 500 mg/kg dose groups with mortality rates of 40%
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(4/10) and 30% (3/10),

respectively

(NTP,

1982).

Body weight gains were

depressed 47% in males and 67% in females at the 500 mg/kg/day dose.
all other groups body weight gains were within 95% of

For

that of controls.

Uver weight/body weight ratios were significantly increased in both males
and females at 500 mg/kg.

Spleen weight/body weight rat1os were decreased

in all 1,2-dichlorobenzene dosed female groups and uterus weight/body weight
ratios

were

decreased

in

the

500

mg/kg

female

group.

No

biologically

significant changes were found during the hematological evaluations.

Female

mice receiving 500 mg/kg 1,2-dichlorobenzene were found to excrete 6 times
more

coproporphyrins

in

their

ur1ne and had a

2-fold

increase

porphyrin concentrations when compared with control mice.

in

liver

No histological

effects were observed in the 0, 30, 60 or 125 mg/kg dose groups.

The 250

mg/kg dose male mice group was found to have hepatocellular necrosis and
degeneration

while

the

unaffected.

Ninety

percent

groups

observed with centrilobular

were

hepatocytes or

females

hepatocellular

of

receiving
both

this

dose

were

the male and female
necrosis,

degeneration.

the

skeletal muscles were observed with

mineralization.

to

be

500 mg/kg dose

necrosis

of

individual

The hearts of the 500 mg/kg

dosed animals had mineralization of the myocardial fibers
and

found

(multiple foci)

some necrosis,

myositis and

Both the male and female 500 mg/kg groups were observed

with lymphoid depletion of the thymus and spleen and a yellow-green pigmenta t1 on (considered to be hemos i der in)

in some of their 1 i ver s.

Based on

these results NOELs were determined to be 125 mg/kg for male mice and 250
mg/kg for female mice.
The 1,2-dichlorobenzene rat study resulted· in a dose-dependent depression 1n mean body weight gains over the 13-week period (NTP, 1982).

This

depression in weight gain averaged 9.1%, 11.5% and 32.8% in males and 8.9%,
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11.1% and 15.5% in females dosed wHh 125, 250 and 500 mg/kg/day 1,2-dichlorobenzene, respectively.

A dose-related increase in lher weights was

also observed in both sexes with significant increases in liver weight/body
weight ratios in the 125, 250 and 500 mg/kg male and female dose groups.
Decreases in spleen and thymus weights and organ weight/body weight ratios
were observed in the male 500 mg/kg group.

Minimal changes in hematologic

parameters were observed in the 500 mg/kg dose groups.

An increased number

of platelets were found in female rats receiving 60, 125 and 500 mg/kg doses
of 1,2-dichlorobenzene.

A dose-related increase in serum cholesterol levels

were found in males receiving 30, 125, 250 and 500 mg/kg and in females
receiving 125-500 mg/kg.

A decrease in serum triglycerides was observed at

500 mg/kg (males) and 250 mg/kg (females), and a dose-related increase in
total serum protein was observed at 250-500 mg/kg (males) and at 30-500
mg/kg (females).

Female rats were observed with minimal increases in serum

glucose levels at 1,2-dichlorobenzene doses of 30, 125, 250 and 500 mg/kg.
Polyuria was observed in males receiving the 500 mg/kg dose.

A 3- to 5-fold

increase in urinary uroporphyrins and coproporphyrins were seen in males and
females

at

500 mg/kg.

The liver porphyrin levels were not altered by

1,2-dichlorobenzene at any dose level.

Hepatocel lular necrosis and focal

hepatic necrosis were observed in some of the rats at the 125 mg/kg dose.
More hepatocellular necrosis was seen in both males and females at 250
mg/kg.

Most of the rats in the 500 mg/kg dose groups had liver lesions,

either centrilobular degeneration or hepatic necrosis.

The 500 mg/kg male

group also had renal tubular degeneration and thymic lymphoid depletion.

A

yellow-green to gold pigment {believed to be hemosiderin) was also observed
in the livers of rats at 250 and 500 mg/kg.

Based on these results, a LOAEL

for 1,2-dichlorobenzene in rats was determined to be 30 mg/kg.
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The effect of subchronic treatment with l .4-d1chlorobenzene has been
1nvest1gated 1n guinea pigs

(Salamone and Coppola.

Coppola et al .• 1963; Totaro and Licari. 1964).

1960; Totaro. 1961;

Intramuscular injections of

125 mg l.4-d1chlorobenzene (50% in almond oil) daily for 20 days were found
to produce weight

loss

(5-10%).

increased blood serum transaminase and

increased clotting times.
8.3.3.

Chron1c Tox1c1ty.

Two-year chron1c bioassay studies using 1.2-di-

chlorobenzene were conducted under the auspices of the National Toxicology
Program (NTP. 1982).

The investigations were conducted using 50 male and 50

female B6C3Fl mice and 50 male and 50 female F344/N rats.

1.2-Dichloroben-

zene was administered by gavage in a corn oil vehicle. at a volume of 5
ml!./kg. 5 days/week for 103 weeks.
control). 60 and 120 mg/kg.

The dosage groups used were O (vehicle

The 1.2-dichlorobenzene was >99% pure with the

major impurity found to be 0.84% v/v of 1.4-dichlorobenzene.

The stability

of the 1.2-dichlorobenzene preparation was monitored.
The 1.2-dichlorobenzene mouse study resulted in a 105-week (exposure
duration 103 weeks)

survival rate of 52% (26/50). 64% (32/50) and 70%

(35/50) in male mice and 66% (33/50). 80% (40/50) and 76% (38/50) in female
mice for the

o.

60 and 120 mg/kg dose groups. respectively (NTP. 1982).

Mean body weights were comparable between 1.2-dichlorobenzene dosed and
control male mice but were slightly greater in the female dosed mice than
controls.

Histological findings of neoplasms in dosed and control groups

will be discussed in Section 8.3.5. Carcinogenicity.

No apparent increase

in non-neoplastic lesions in the liver. kidney. bone marrow. spleen or other
organs of male and female mice were observed as a result of administration
of 1.2-dichlorobenzene over the 105-week study period.
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The
duraUon
(19/50)

1,2-dichlorobenzene
103 weeks)

rat

survival

study

rates

of

[significantly different from

mg/kg group

(p<0.001)]

resulted
84%

in

104-105 week

(42/50),

72%

the 60 mg/kg group

in male rats and 62% (31/50),

(exposure

(36/50)

and

(p=0.014)

38%

and O

66% (33/50) and 64%

(32/50) in female rats for the 0, 60 and 120 mg/kg dose groups, respectively
(NTP,

1982).

Among the high dose males 17 were accidentally killed as a

result of the gavage procedure.
would

have

been

comparable

to

If these 17 animals had not died, survival
that

of

the

low dose and control

groups.

Slightly lower mean body weights were observed in the male 120 mg/kg group
when compared with the O and 60 mg/kg male groups.

This was contrasted by

higher mean body weights in the female animals in the 120 mg/kg group when
compared with

the female controls.

Histological findfogs of neoplasms in

dosed and control groups will be discussed in Section 8.3.5. Carcinogenicity.

No apparent increase in non neoplastic lesions in the liver, kidney,

bone marrow,

spleen,

observed

a

as

result

thymus or other organs of male and female rats were
of

adm1n1strat1on

of

1,2-d1chlorobenzene

over

the

105-week study period.
Loeser and Litchfield (1983) reported on a long-term inhalation study on
1,4-dichlorobenzene in rats and mice.

Groups of 76-79 male and female rats

(SPF, Alderly Park Wistar-derived strain) and 75 male and female mice (SPF,
Alderly Park Swiss strain) were exposed 5 hours/day, 5 days/week to 0, 75 or
500 ppm 1, 4-di ch 1orobenzene.

The rats were exposed

survivors were held unexposed for
exposed for

an additional

for 76 weeks and the

36 weeks.

The mice were

57 weeks and the surviving females were held unexposed for an

additional 19 weeks.

The male mice were terminated at 57 weeks of exposure,

when mortality reached 80%,

due

to early fighting among the males and a

probable occurrence of respiratory infection, which resulted in little data
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belng collected from the male m1ce.

No treatment related changes in body

we1ght, food and water intake or mortality rates were seen between exposed
and control groups.

In the rats dose-related changes 1n blood biochemistry

and hematology were not noted along with no increases in hepatic aminopyrene
demethylase activity.

The 500 ppm rat groups showed a slightly elevated

ur1nary protein and coproporphyri n output along with increased liver and
kidney weights and small increases in heart and lung weights.
some increased liver weights seen in the 75 ppm rat groups.

There were

The cumulative

mortality (32-40% at week 72) observed in the female mice did not appear to
be related to 1,4-dichlorobenzene exposure.

The female mice of all groups

had a high background incidence of respiratory disease, which made interpretation of respiratory tract changes difficult to assess.

No evidence of any

treatment-related non-neoplastic effects in any examined female mice were
reported.

Findings of neoplasms in rats and mice dosed and control groups

will be discussed in Section 8.3.5.
8.3.4.

Mutagenicity.

The capability of the dichlorobenzenes

to induce

mutations or other alterations of genetic structure has not been extensively
investigated, although a recent study (Zapata-Gayon et al., 1982) indicates
such research is warranted.

As cited in Section 8.2., a higher incidence of

chromosomal breaks was observed in the leukocytes of humans accidentally
exposed for a short period of time to 1,2-dichlorobenzene vapors (ZapataGayon et al., 1982).
Anderson et al. (1972) reported that 1,2-dichlorobenzene did not induce
point

mutations

when

tested

strains) without activation.

in

Salmonella

typhimurium

(8

unspecified

No conclusions can be drawn from this study

because of the lack of details provided and because metabolic activation was
not used.

In an abstract, Lawlor et al. (1979) evaluated the ab1lity of
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chlorinated phenols, benzenes and hexanes to induce mutations or DNA damage
in bacteria.

Tests of l ,2- and 1,4-dichlorobenzene (doses not specified)

were negative in five strains of Salmonella (TA98, TAlOO, TA1535, TA1537 and
TA1538) with and without rat liver microsomal activation.

DNA repair tests

with two Salmonella and two £.. coli strafos with and without activation
i ndi ca ted the ab11 ity of two unspecified ch lorobenzenes to cause preferential killing of the DNA repair deficient strains.

Because these results

were reported in an abstract with insufficient experimental detail, the
results cannot be critically evaluated.

These negative findings in bacteria

were supported by studies conducted for
(Appendix M of

NTP,

1982).

In

these

the National Toxicology Program
studies,

1,2-dichlorobenzene was

negative in four Salmonella strains (TA98, TAlOO, TA1535 and TA1537) when
tested with and without metabolic activation at doses as high as' 1300
µg/plate.
Prasad and Pramer (1968) reported testing all three isomers of dichlorobenzene 1n an auxotroph1c strain of Asperg1llus nidulans, a soil mold.

All

three compounds increased the frequency of back mutations in the fol lowing
descending order:

1,4-, l,2- and 1,2-dichlorobenzene.

Abnormal numbers of

chromosomes and abnormally shaped nuclei were observed in the root cells of
Allium

exposed

McDonough,

for

1943).

4 hours
Sharma and

to

1,4-dichlorobenzene

Bhattacharyya

(1956)

vapors

(Carey

and

reported chromosomal

breakage and nondisjunction in the root tips and flower buds of Nothoscordum
fragans, which were treated with saturated aqueous solutions of 1,4-dichlorobenzene.

Various mitotic abnormalities were al so found in the somatic

cells and chromosomes of the root tips of several plant species treated with
1,4-dichlorobenzene (Srivastava, 1966).

The aberrations included shortening

and thickening of chromosomes, early separation of chromatids, tetraploid
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cells, blnucleale cells, chromosome br1dges and chromosome breaks in the
heterochromat1c regions.

Sarbhoy (1980) exposed germ1nat1ng root tips of

Lens esculenta to 1 ,4-dichlorobenzene vapors and also observed chromosome
fragmentation, condensation and bridges and polyploid cells.
8.3.5.

Carc1nogen1c1ty.

The National Toxicology Program (NTP) conducted

a 2-year study on 1,2-dichlorobenzene with F344/N rats and with B6C3F 1
mice (NTP, 1983). Exposure conditions and noncarcinogenic effects have been
described in Section 8.3.3.
8.3.5. l.

RAT STUDY -- In the case of the F344 N rats, dose selection

was made as a result of observations in the 13-week subchron1c study as
described in Section 8.3.2.

The findings on survival, weight decrement and

pathology formed the basis for selection of the 60 and 120 mg/kg dosages for
the 2-year study in the rats.
As

stated

previously

in

Section

8.3.3.,

body

weights

were

either

unaffected or increased during chronic exposure, while the only instance of
increased mortality

(high

dose males)

could

be explained

by increased

incidence of accidental deaths.
The results of the histopathological analysis showed that non-neoplastic
lesions were not significantly increased in the treated rats nor were neoplasms other than adrenal pheochromocytoma.

The latter (Table 8-8) was

significantly increased in the low dose group when compared to controls by
the lHe table test but not in the other stat1stical tests.

The terminal

incidence of adrenal pheochromocytoma in males was 363 (13/36) in the low
dose group compared with 193 (8/42) in controls.

The historical incidence

of adrenal tumors in male F344/N rats receiving corn oil by gavage, based on
data from seven different laboratories is 153/986 (15.5%).
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TABLE 8-8
NTP B1oassay of l,2-01chlorobenzene
Analys1s of Pr1mary Tumors 1n Male Rats: Adrenal Pheochromocytomas*

Veh1cle
Control

60 mg/kg

120 mg/kg

Tumor Rates
Overall
Adjusted
Terminal

9/50 (18%)
20.9%
8/42 (19%)

16/50 (32%)

6/49 (12%)

40.5%
13/36 ( 36%)

21.7%
2/18 ( 11%)

p = 0.201
p
0.499 N
p
0.285 N

p
p
p

Stat1stical Tests
Life Table
Incidental Tumor Test
Cochran-Armitage Trend,
F1sher Exact Tests
*Source: NTP, 1982
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0.039

= 0.070
= 0.083

p = 0.380
p
0.420 N
p = 0.303 N

In rats. therefore. under conditions of this test. carcinogenicity was
not demonstrated.

However. based on the following observa t1 ons from the

2-year study, a larger dose poss1bly could have been tolerated:
1) there was probably no increase in mortality in treated groups
when compared with controls,
2) there was no loss of weight in the treated groups compared to
the controls,
3) there was no evidence of 11fe-threaten1ng pathology
treated groups compared to the controls.

in

the

On the other hand, decreased we1ght gains in the 13-week range finding study
at 125, 250 and especially at 500 mg/kg/day doses indicate that much larger
doses probably would not have been tolerated.
In summary, the assay of l ,2-d1chlorobenzene in F344 rats did not give
ev1dence of carcinogen1city.

However, slightly higher doses possibly could

have been tolerated and the assay may not have been as sensitive as it could
have been.
8.3.5.2.

MICE -- In

a

range

finding

study

described

in

Section

8.3.2., mice were exposed to doses of up to 500 mg/kg/day 1,2-dichlorobenzene.

As a result of increased mortality and decreased weight gain at the

500 mg/kg/day dose, along with limited evidence for liver pathology at the
250 mg/kg/day dose. 60 and 120 mg/kg/day were the dose levels selected for
the chronic study.

Details of the experiment and noncarcinogenic toxic

effects are described in Section 8.3.3.
The combined incidence of all types of lymphomas was not significantly
affected by exposure.

A dose-related decrease in the incidence of hepato-

cellular adenomas in males was significant.
occurred

Alveolar/bronchiolar carcinomas

in male mice with a statistically significant

positive trend

(p=0.037; 4/50, 2/50 and 10/50, in the Cochran-Armitage test), but if the
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incidence of alveolar/bronchiolar adenomas is combined with the carcinomas
(8/50, 8/50 and 13/50) no significant changes could be detected.

Under the

conditions of these studies, therefore, there is no convincing evidence for
the carctnogenicity of 1,2-dichlorobenzene in B6C3F 1 mice.
Loeser and Litchfield (1983) conducted a long-term inhalation study in
rats and mice using 1,4-dichlorobenzene.
{SPF,

Alderly

Park Wistar

derived

Groups of 76-79 rats/sex/group

strain)

and

75

swiss mice/sex/group

{Alderly Park strain) were exposed 5 hours/day, 5 days/week to 75 or 500 ppm
1,4-dichlorobenzene.

The rats were exposed for 76 weeks, then survivors

were held for an additional 36 weeks.

The mke were exposed for 57 weeks

and the females then held an additional 19-20 weeks before a terminal sacrifice.

The male mice were terminated at the end of the 57 week exposure when

fighting resulting in a mortality of 80% occurred.

No treatment-related

changes were seen in body weight, food and water intake or mortality rates
in either species.

No treatment-related effects in the incidence of tumors,

the1r mult1pl1c1ty or mal1gnancy were seen.

Based upon an estimated minute volume of 0.22 m3 /day for a 350 g rat,
the daily inhaled dose would equal -400 mg/kg bw or -285 mg/kg averaged over
7 days/week.

The lack of body weight changes or mortality increases indi-

cated that the maximum tolerated dose had not been reached.

If however,

toxicity was similar to that of the 1,2-isomer and absorption via inhalation
was equal to that of gavage the high dose used should be closer to the MTD
than the one used in the NTP (1983) study.
In conclusion, neither the rat nor the mouse gavage study nor the inhalation experiments gave evidence of carcinogen1city under the test conditions, but the doses selected were probably below the MTD in both species,
reducing the sensitivity of the assays.
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The marginal increase in adrenal

pheochromocytoma in rats dosed via gavage should be noted as this lesion
appears with hexachlorobenzene, also at a relatively low dose.
8.3.6.
tive and
review;

Reproductive and Teratogenic Toxic1ty.
teratogenic
however,

No data on the reproduc-

toxicity of 1,2-dichlorobenzenes was available for

dichlorobenzenes

have

been

demonstrated

to

cross

the

placenta (Dowty et al., 1976).
Loeser and L1tchfield (1983) reviewed an unpublished 1977 report from
the Imperial Chemical Industries Ltd., Central Toxkology Laboratory on a
rat embryotoxicity and teratogenicity inhalation study.

This study involved

the inhalation exposure of 20 pregnant SPF rats/group to 1,4-dichlorobenzene
for 6 hours/day from day 6-15 (inclusive) of pregnancy to atmospheres of O
(control), 75, 200 or 500 ppm 1,4-dichlorobenzene.

During the study the

dams were observed for clinical signs, body weights, and on day 21 of pregnancy caesarean sections were performed and the intact uterus was inspected
for the number of viable fetuses (their sex and weight), resorptions and
copora lutea.

Maternal results showed only one dam at 75 ppm, one at the

200 ppm level and five dams at the 500 ppm level delivering litters l day
earlier than expected, otherwise no differences among the dams were noted.
No 1,4-dichlorobenzene-induced effects

on

the numbers of

implantations,

resorptions, viable fetuses, runts, skeletal variants, corpora lutea, mean
fetal weight, litter size or sex ratios were noted.

The only fetal effects

noted in the l ,4-dichlorobenzene-exposed groups were one fetus with gastroschi sis and malrotation of left hindlimb in the 75 ppm group, one fetus
w1th gastroschisis and malrotation of right hindlimb in the 200 ppm group,
and one fetus w1th agnathia and cleft palate in. the 500 ppm group.

The

report concluded that no evidence of embryotoxic1ty or teratogenicity in the
study were found, which seems surprising since effects were noted in the 75,
200 and 500 ppm groups and none were noted in the control group.
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8.4.

INTERACTIONS

As

indicated

in

Section

8.2.,

halogenated

benzenes,

including

the

dichlorobenzenes, have the ability to induce hepatiG xenobiotic metaboliz1ng
enzymes

(Ariyoshi

1977).

et al.,

1975a,b;

Carlson and

Tardiff,

1976;

Carlson,

This type of induction wi 11 alter the metabo 1ism of other compounds

which are biotransformed by the same metabolic pathway; thus, the toxicity
resulting from the concurrent exposure to the di chlorobenzenes and other
compounds wi 11 probably be different from the exposure to the individual
chemicals.

One study was available that investigated the effect of dichlo-

robenzene on the toxicity of other compounds (Townsend and Carlson, 1981).
Mice were orally administered 0.1 mmol/kg (18 mg/kg bw) of 1,4-dichlorobenzene and other chlorinated and brominated benzenes daily for 7 days, after
which

the mice were used

in

the determination of Lo

organophosphorus insecticides.

values for four
50
The treatment with l ,4-di ch lorobenzene was

found to decrease the lethality of parathion and paraoxon by -50%, although
other compounds were much more effective.

In addition, Carlson and Tardiff

(1976) observed that administration of 1,4-dichlorobenzene (10-40 mg/kg for
14 days to rats) enhanced the detoxification of hexobarbital and EPN.
Harden and Baetjer

(1978)

reported a human case of aplastic anemia

following exposure to 1,4-dichlorobenzene and naphthalene.

While a single

case report cannot be considered convincing evidence for an interactive
effect, the possibility of interactions cannot be dismissed.
8.5.

SUMMARY
The

indicate

available
that

data

on

the

pharmacokinetics

these compounds are absorbed

of

the

dichlorobenzenes

through

the

lungs,

skin and

gastrointestinal tract and rapidly distributed to many tissues, especially
those with a high lipid content.

Metabolism is accomplished by oxidation to
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d1chlorophenols which maybe excreted
and sulfates.

Elimination.

~

~

or conjugated as glucuronides

primarily through

the urine. appears to be

rap1d. although the data are insuff1cient to make quantitative estimates of
the rate.

Biliary excretion does occur but little of the biliary excreted

dichlorobenzene has been found in the feces. probably due to enterohepat1c
recirculation.

The dichlorobenzenes. as well as the other chlorinated ben-

zenes, are capable of bioaccumulation (see Section 5.3.).
Data on effects in humans were available in a number of case reports and
in a single epidemiologic study.

The case studies demonstrate the ability

of the d1chlorobenzenes to be absorbed through the lungs and gut and their
acute and subchronic toxicity.

Many of these reports. in which exposure may

have occurred over several years. noted toxic effects in the blood. such as
chron1c lymphoid leukemia and anemia. as well as effects on the liver.

The

one available occupational study reported chromosomal alterations in leukocytes resulting from a short-term exposure to 1.4-dichlorobenzene.

Taken

together. these studies suggest a possible toxic action of dichlorobenzenes
on bone marrow and other organs of the blood-forming system.
Studies of the acute and subchronic toxicity of the dichlorobenzene
isomers

indicate that.

organs and effects.

in general.

these compounds have similar target

At oral doses ranging from 125-1000 mg/kg over periods

of up to 6 months. the dichlorobenzenes cause central nervous system depression. pathological identHied injury to 11ver. kidney. heart. thymus and
spleen. and hepatic and urinary porphyria; however. one study reported that
a low dose of 0.01 mg/kg over a 5-month period inhibited erythropoies1s and
bone marrow activity.
two

estimates

of

The subchronic oral toxicity studies in rats provide

NOEL

1,4-dichlorobenzene and

values:

0.001

18.8 mg/kg for
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mg/kg

(Varashavskaya.

1.2- and for

1967)

for

1.4-dichlorobenzene

(Hollingsworth et al., 1956, 1958).

The NTP (1982) subchronic oral study on

1,2-dichlorobenzene in mice provided higher estimated NOEL values of 125 and
250 mg/kg for males and females,

respect1vely.

A 2-year NTP chron1c oral

gavage study on 1,2-dichlorobenzene in rats and mice, conducted primarily as
a carcinogenesis bioassay at the 60 and 120 mg/kg dose levels, resulted in
only increased mortality in the male rats given 120 mg/kg.

Acute and sub-

chronic

similar

inhalation

studies

of

dichlorobenzenes

indicate

effects and target organs as seen in the oral studies.
at

~900

doses

-450 mg/m 3

mg/m 3

;

inhalation

NOELs

were

reported

toxic

The effects occurred
as

580

mg/m 3

and

for l,4-dichlorobenzene (Hollingsworth et al., 1956; Loeser and

Litchfield,

1983) and 290 mg/m 3

for

1,2-dichlorobenzene (Hollingsworth et

al., 1958).
The

mutagenicity

studies

with

bacteria were

lacking

in

experimental

detai 1, but suggested that the dichlorobenzenes are probably not mutagenic
in bacteria.

However, several studies with mold and plant cultures treated

w1 th d1chlorobenzenes

have reported mutations and chromosomal aberrations.

Because chromosomal aberrations were also observed in human workers exposed
to 1,2-dichlorobenzene, the weight of available evidence suggests that the
dichlorobenzenes are clastogens.
benzene, was

The carcinogenic activity of 1,2-dichloro-

tested in the NTP bioassay program in two rodent species at

doses of 60 and 120 mg/kg.

No evidence of carcinogenic activity was found

under

The carcinogenicity of l ,4-d1chlorobenzene was

the test conditions.

tested in two rodent species using long-term inhalation exposure.
evidence for carcinogenicity was noted.

Again, no

Since it is possible that the maxi-

mum tolerated dose was not used in either study, then the evidence is not
considered definitive for developing conclusions concerning the carcinogenicity of 1,2- or l 0 4-dichlorobenzene if the !ARC criteria for classifying
carcinogens are used.
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9.

TRICHLOROBENZENES

The trichlorobenzenes are produced in relatively small
million kg/year is the estimated 1983 production)
benzene

Producers

intermediates,

Association,

solvents,

1984)

and

insecticides,

are

and

amounts

(l.3-7

(U.S. EPA, 1983; Chloro-

used primarily as
coolants

and

electrical equipment (Hawley, 1977; Sl1mak et al., 1980).

chemical

insulators

in

Trichlorobenzenes

have been detected in all environmental media including drinking water (see
Section 4.3.),
5.3.).

and have been found

to bioaccumulate in fish

(see Section

In addition to the exposure of humans during the manufacture and use

of trichlorobenzenes, exposure could result from inhalation of contaminated
air and ingestion of contaminated food and water.
9.1.

PHARMACOKINETICS

9.1.l.

Absorption.

No quantitative studies on the absorption of the tri-

ch lorobenzenes from the gastroi ntest1 na l

tract,

skin or lungs were found.

Information on absorption may be obtained from data describing elimination.
Male Charles River rats (16 in the group) excreted a mean of 84%, and two
female

rhesus

administered

monkeys
dose

urine, while fecal

excreted a mean

of

10

1982).

isomer

absorbed

well

female rabbits
oil

14

40% of

the orally

C-l,2,4-trichlorobenzene/kg

in

(by gavage)
the

24-hour

elimination accounted for only 11 and 1%, respect1vely

(Lingg et al.,
is

mg

of

The

results

from

given doses

indicate that

the gastroi ntes ti na l

in

these species,

tract.

this

Two Chinchilla

of 500 mg 1,3,5-trichlorobenzene/kg in arachis

by gavage expired -10% of the admfoistered dose via the lungs over a

period

of

9 days

(Parke

observed elimination

of

and

Williams,

urinary and

1960).

fecal

These

metabolites,

investigators

also

but quantities or

percentages were not reported.
That the trichlorobenzenes are absorbed by the respiratory tract and by
the skin can be inferred from systemic effects observed in toxicity studies
9-1

using the inhalation (Kociba et al., 1981) and dermal (Brown et al., 1969)
routes

of

exposure.

These

studies,

however,

were

not

designed

to

give

information on rates of absorption.
9.1.2.

D1str1but1on.

of

,2,4-trichlorobenzene

14 C-l

Smith and Carlson (1980) examined the distribution
in groups

of

four

male Sprague-Dawley rats

on days 1, 6, 11 and 16 after oral daily dosing with 181.5 mg/kg (1 mmol/kg)
in corn oil for 7 days.
the

highest

however,
tissues.

by

Their data indicate that the adrenals initially had

concentration
day 11

of

it was

radiolabel.

less

than

twice

This

level

declined

the background of

rapidly;
the other

Abdominal fat had the highest concentration at the end of 1 day

(Table 9-1)

and

maintained

detectable

concentrations

(20%

level) for the duration of the observation period (16 days).

of

the

day

l

The liver also

maintained detectable levels throughout the recovery period, retaining -30%
of the day l level by day 16.

These authors also found that starvation for

4 days had no observed effect on the distribution of

14

C-trichlorobenzene

in fat or 11ver.
Parke and Williams (1960) reported the distribution of 1,3,5-trichlorobenzene in one rabbit on day 8 following oral administration of a single
dose of 500 mg/kg as follows:

13% of the administered dose was detected in

the feces, 23% ( 4% as monoch l orobenzene) 1n the gut, 5% in the pelt, 5% in
depot fat (exclusive of pelt) and 22% in the carcass.

9.1.3.

Metabolism.

No metabolic studies following the inhalation of tri-

chlorobenzenes were available for review, but the metabolic fate fol lowing
oral and/or intravenous (i.v.) or intraperitoneal (i.p.) administration has
been characterized in rabbits

(Jondorf et al.,

1955;

Parke and Williams,

1960; Kohli et al., 1976) and in rats and monkeys (Lingg et al., 1982).
Jondorf et al.
metabolism of all

(1955),

using spectrophotometric analysis,

studied the

three isomers of trichlorobenzene in groups of 3 or 4
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TABLE 9-1
D1str1but1on of 14 C-Labeled l,2,4-Tr1chlorobenzene 1n Rat T1ssues
after Oral Dos1ng with 181.5 mg/kg/day for 7 Oaysa

Act1vH:t

nssue
Day l

{d~m/g

t1ssue)b

Day 6

Day 11

Day 16

Abdominal fat

2033±_439

642+54

342+10

408+39

Liver

1075+87

442±_22

308±_21

317±_18

~

Adrenalsc

754+132

246±_22

Muscle

400+30

d/

K1dney

1471+167

Heart

438+14

d/

Spleen

404+14

di

asource:

404±_43

g/

SmHh and Carlson, 1980

bEach value is the mean + SE for 4 rats, except for abdom1nal fat on day 1,
wh1ch was for three rats.
crotal for both adrenals; they were not we1ghed.
dvalue less than twice background; further analyses were not performed.
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Chinchilla rabbits given a single oral dose of 500 mg/kg in arachis oil.
The results indicated that the 1,2,3- isomer was metabolized to 2,3,4-trichlorophenol {TCP), to 3,4,5-TCP to a lesser degree, and to small amounts of
3,4,5-trichlorocatechol.
dose

was

excreted

in

During the 5 days after administration, 50% of the
the

urine

as

glucuronic

acid

conjugates,

12% as

sulfuric acid {sulfate) conjugates and 0.3% as 2,3,4-trichlorophenylmercapturic acid.

The 5-day urinary metabolites of 1,2,4-trichlorobenzene were

represented by glucuronide conjugates (27%), sulfuric acid conjugates {ll%)
and

2,3,5- and

2,4,5-

trichlorophenylmercapturic

phenols formed were 2,4,5- and 2,3,5-TCP.

acid

(0.3%).

For the 1,3,5- isomer, 20% was

excreted as glucuronide and 3% as sulfuric acid conjugates.
acid was found,

The major

No mercapturic

2,4,6-trichlorophenol was the only phenol detected in the

urine, and some unchanged 1,3,5-trichlorobenzene was present in the feces.
To further characterize and clarify the metabolic fate of the 1,3,5- isomer,
Parke and Williams (1960) followed the 9-day urinary excretion in 2 or 3
female Chinchilla rabbits treated orally with a single dose of 500 mg of the
isomer/kg.

For the first 3 days,

the rabbits eliminated 2,4,6-TCP along

with some minor monochlorophenols, while from day 4 to 9, 4-chlorophenol was
detected

more

prominently

along with

2,4,6-TCP and

-1% of

the dose as

4-chlorocatechol.
Using GC-MS analysis, Kohli et al. (1976) examined the metabolism of the
three trichlorobenzene isomers following a single i .p. injection of 60-75
mg/kg doses in vegetable oil
ported).
urinary

to male rabbits

{number and strain not re-

In agreement with the results of Jondorf et al. (1955), the major
metabolites

of

1,2,4-trichlorobenzene were

2,4,5- and

2,3,5-TCP.

The major metabolite of l ,2,3-trichlorobenzene was 2,3,4-TCP, with 2,3,6and

3,4,5-

TCP

as

minor

urinary

metabolites.
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The

1,3,5- isomer

was

metabolized to 2,3,5- and 2,4,6-TCP and a third, more polar metabolite, was
tentatively identified as a dichlorobenzene with 2 hydroxyl and l methoxyl
substituents.
Lingg et al.

(1982) investigated the metabolism of l,2,4-tr1chloroben-

zene in groups of 16 male Charles River rats and groups of 2 female rhesus
monkeys following a single oral or i.v. administration of 10 mg/kg doses and
found similar phenolic metabolites to those observed in the rabbit.

These

researchers were also able to characterize some species specific conjugates.
An isomeric pair of 3,4,6-trichloro-3,5-cyclohexadiene-l,2-diol glucuronides
accounted for

48-61% of

the

24-hour

urinary metabolites

in

the monkeys.

Also found were glucuronides of 2,4,5- and 2,3,5-TCP and unconjugated TCP,
which accounted
tively.

for

14-37 and 1-37% of

the

urinary metabolites,

respec-

In the rat, the 2,4,5- and 2,3,5- isomers of N-acetyl-S-(trichloro-

phenyl )-L-cysteine accounted for 60-62% of the urinary metabolites.
urinary metabolites

Minor

included 2,4,5- and 2,3,5-trichlorothiophenol and free

2,3,5- and 2,3,4-TCP, which accounted for 28-33 and 1-10% of the material
excreted, respectively.
On the basis of the studies of Lingg et al.
(1976),

(1982) and Kohli et al.

it is apparent that there may be differences among species in the

metabolism of 1,2,4-trichlorobenzene.

It seems

likely that

these differ-

ences will extend to the other isomers of trichlorobenzene as well.

Both

reports postulated the same first step in metabolism (i.e., initial formation of arene oxide intermediates), but indicated differences in the subsequent metabolic reactions.
glutathione
metabolites.

was

postulated

In the rat, conjugation of the intermediate with
to

account

for

the

sulfur-containing

urinary

In the monkey, hydrolysis of the arene oxide to the dihydro-

diol and the absence of sulfur-containing metabolites seemed to preclude the
involvement of glutathione (Lingg et al., 1982).
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As proposed by Kohli et

al.

(1976) and illustrated in Figure 9-1,

chlorophenols

from

the

arene

oxide

formation of the isomeric tri-

intermediates

can

proceed

either

by

direct opening of the C-0 bond or by the NIH shift of chlorine.
Differences in the rate of metabolism of the different isomers within a
species have been attributed to the positions of the chlorine atoms on the
benzene ring, with the presence of two adjacent unsubstituted carbon atoms
facilitat1ng

the

formation of

the arene oxide intermediate.

Halogenated

benzenes without adjacent unsubstituted carbons may still be metabolized via
an arene oxide intermediate but at a reduced rate, and should show evidence
of a NIH shift (Matthews and Kato, 1979).
9.1.4.

Excretion.

Lingg et al. (1982) measured the 24-hour excretion of

radioactivity in the urine and feces of 16 male Charles River rats and 2
rhesus monkeys given a single 10 mg/kg i.v. or oral dose of
chlorobenzene.

14

C-l,2,4-tri-

In the rat, 84% of the oral dose and 78% of the i.v. dose

were excreted in the urine by 24 hours; 11 and 7%, respectively, were the
amounts identified in the feces in the same period.

In the monkeys, 40% of

the oral dose and 22% of the injected dose appeared in the urine and <1% in
the feces.

Smith and Carlson (1980) orally administered 181.5 mg/kg/day (1

mmol/kg/day) of

14

C-l,2,4-trichlorobenzene in corn oil to 4 Sprague-Dawley

rats for 7 days and followed the excretion of radioactivity in the feces and
in the urine during administratfon and up to 21 days after the first dose.
Fecal elimination rose slightly during the first 3 days of dosing, after
which it declined rapidly and was essentially complete at 15 days of collection, accounting for -4% of the total dose.

Urinary excretion followed a

similar pattern; however, at 21 days after the first dose, radioactivity was
still detectable.

Total urinary excretion to this time accounted for -72%

of the total administered radioactivity.
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As noted by Lingg et al. (1982),
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the dHferences in the excretion rate between the rat and monkey may be
attributable to their dHferent pathways of metabolism, since the monkey
required two steps beyond the arene oxide to produce its urinary metabolite,
while the rat required only one.
Differences in the rates of excretion between the isomers of trichlorobenzene have also been reported.

Jondorf et al. (1955) found that rabbits

given oral doses of 500 mg/kg of 1,2,3-, 1,2,4- or 1,3,5-trichlorobenzene
excreted 78, 42 or 9%, respectively, of the administered dose as monophenols
in the 5-day urine collection.
U.S. EPA (1980b), using data from Williams (1959) and Parke and Williams
(1960), estimated the following half- lives of excretion in the rabbit:
5.5 and 8.5 days
t1vely.

2,

for 1,2,3-, 1,2,4- and 1,3,5-trichlorobenzene, respec-

The rate of metabolism and subsequent excret1on is most likely

related to the position of the chlorine atoms on the benzene ring.

Matthews

and Kato (1979) hypothesized that two adjacent unsubstituted carbon atoms
facilitate the formation of the arene oxide intermediate and increase the
rate of metabolism and excretion.
9.1.5.

Sunmary.

The limited comparative pharmacokinetic data ava1lable

on the trichlorobenzenes prevent specification of the absorption, distribution, metabolism and excretion of the individual isomers.
able data,

it

From the avail-

seems relatively clear that metabolism in at least three

species has a common first step, the production of an arene oxide intermediate.

Subsequent metabolic steps, however, vary among the species examined,

at least for the most studied isomer, 1,2,4-trichlorobenzene.
In general, the pharmacokinetics of the trichlorobenzenes are similar to
those described for the halogenated aromatics by Matthews and Kato (1979).
The authors observed that these compounds are lipophilic and that their
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metabolism and excret1on depends on their conversion to polar intermediates.

In addition, their lipophilic character provides for ready absorption

from the gastrointestinal tract and initial distribution to the more highly
perfused tissues, particularly the liver, after which they are either metabolized and excreted or redistributed to adipose tissue or skin.

Additional

experiments are needed to clarify the relat1onship of these studies to the
metabolism of trichlorobenzenes in humans.
EFFECTS IN HUMANS

9.2.

Information on

the health effects of

trichlorobenzenes

in humans is

limited to case reports.

Rowe (1975) found that an individual exposed to

1,2,4-trichlorobenzene

3-5

at

ppm

had

eye

and

respiratory

irritation.

Girard et al. (1969) reported two cases, one in which a 68-year-old woman,
who often soaked her husband's work clothes in trichlorobenzene, developed
aplastic anemia, and the other in which a 60-year-old man, who had been
occupationally exposed to DDT as well as to mono-, di- and trichlorobenzenes
for over 30 years, developed anem1a.

MAMMALIAN TOXICOLOGY

9.3.
9.3.l.

Acute Toxicity.

Studies of the acute toxicity of the trichloro-

benzenes have been performed in several

species using various routes of

administration.
Information on the effects of acute inhalation exposure to trichlorobenzenes is limited.

In an abstract of a study from the Russian literature

(Gurfein and Pavlova, 1960), a single high inhalation exposure (exposures of
0.005-0.01 mg/!1. in air or 5-10 mg/m 3 were used) of an unspecified isomer
of trichlorobenzene to rats resulted in immediate nervousness and pinkness
of mouth, ears and paws.

These effects were followed by convulsions and

death within 30 minutes, with edema of livers and kidneys observed upon
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necropsy.

Unpublished results of a study performed by Treon (1950) were

reported by Coate et al. (1977) and 1nd1cated that the target organs of nonlethal

acute inhalation exposure to

trichlorobenzenes (a we1ght-to-we1ght

m1xture of 8% 1,2,3- and 92% 1,2,4-trichlorobenzene) in cats, dogs, rats,
rabbits and guinea pigs included the liver, ganglion cells at all levels of
the brain and mucous membranes.

Lethal doses resulted in local irrHation

of the lungs and functional changes in respiration in animals dying after
exposure.

Levels and duration of exposure were not given.

Brown et al.

(1969) reported the single-dose oral LD

50

for 1,2,4-tr1-

chlorobenzene in CFE rats to be 756 mg/kg (95% confidence limHs 556-939
mg/kg).

In CF mice, the single-dose oral LD

dence limits 601-979 mg/kg).

was 766 mg/kg (95% confi50
Death occurred wHhin 5 days in rats and 3

days 1n mice.
R1mington and Ziegler (1963) studied the porphyria-inducing abilHy of
1,2,4- and

1,2,3-trichlorobenzenes administered

rats for various time periods (5-15 days).

by gavage

to male albino

Doses of the isomers were gradu-

ally increased until porphyrin excretion was high but fatalHies were few.
Porphyria was induced by 1,2,4-trichlorobenzene when the isomer was given
for 15 days at 730 mg/kg {3 rats) as evidenced by peak rises in urinary
coproporphyrin,

uroporphyrin,

porphobilinogen

and

~-aminolevulinic

acid.

At a dose of 500 mg/kg for 10 days (in 5 rats), peak liver levels of coproporphyrin, protoporphyrin, uroporphyrin and catalase were reached.
1,2,~-

For the

1somer, urinary excretion of these indicators peaked at 785 mg/kg for

7 days (3 rats), but to a lesser extent than for the 1,2,4- isomer.

Only

the liver uroporphyrin levels were increased by administration of 1,2,3-trichlorobenzene at this dose and duration.

Glutathione was found to have a

protect1ve effect on trichlorobenzene-induced porphyria.

9-10

Brown

et

al.

(1969)

determ1ned

the

s1ngle-dose percutaneous

Lo

50

1n

CFE rats (4 of each sex) to be 6139 mg/kg (95% conf1dence 11mits 4299-9056
mg/kg) for 1,2,4-tr1chlorobenzene adm1n1stered topically on the shorn dorsolumbar skin and covered with an 1mpermeable dressing.
within

5

days.

In

skin

irritation

studies,

applied to the skin of rabbits and guinea pigs.
two

2x2 cm patches

of

lint,

All deaths occurred

1,2,4-trichlorobenzene was
In the first experiment.

each containing 1 ml!. of

the compound, were

applied to the shorn backs of rabbits (4 of each sex) for 6 hours/day for 3
consecutive

days

and

covered with

an

impermeable dressing.

For

another

experiment, rabbits (1 of each sex) and guinea pigs (5 of each sex) received
single uncovered applications of 1,2,4-trichlorobenzene on the shorn middorsal

skin (1 ml!. for rabbits, 0.5 mil. for guinea pigs) 5 days/week for 3

weeks.

The results indicated that trichlorobenzene was not very irritating,

although fissuring was noted during the 3-week exposure.

Some guinea pigs

that died during the 3-week regimen had focal necrosis of the liver.
Hepatotoxic effects (fatty infiltration and necrosis) were reported by
Cameron et al. (1937) follow1ng s.c. and/or 1.v. 1njection of 500 mg (range
of

doses was

1-500 mg)

tr1chlorobenzene 1n 11quid paraffin

tox1city was less than that of mono- and o-d1chlorobenzene.

to rats;

the

Further details

of strain, number of animals or isomers were not reported.
Robinson

et

al.

(1981),

in

an

acute

toxicity

study

to

assess

the

increased adrenal weight which was noted in a multigeneration study, gave
groups composed of 9-10 preweaning female Charles River rats i.p. injections
of 0, 250 or 500 mg of 1,2,4-trichlorobenzene/kg in corn oil at 22, 23 and
24

days

of

age.

Significant

changes

9-11

(p<0.05)

from

control

values

were

observed upon necropsy at 25 days of age as follows:
and

increased

adrenal

weight

at

the

high

dose;

decreased body weight
decreased

uterus

and

increased liver weights at both doses.
Male Holtzman rats (number not specif1ed) were given s1ngle 1ntraperitoneal injections of 1,2,4- or 1,3,5-trichlorobenzene at a dose of 37 mg/kg
(5 mmol/kg} as a 50% solut1on in sesame on in a volume of 1 m!!./kg (Yang
et al., 1979}.

Controls received an equal volume of sesame oil.

After 24

hours, the femoral veins and the common b1le duct were cannulated.
1somers

produced

s1gn1ficant

increases

(p<0.05}

Both

in bile duct-pancreatic

fluid (BDPF} flow with the 1,2,4- isomer being 4 times more effective than
the 1,3,5- isomer.

SGPT activity was elevated by treatment with l,3,5-tr1-

chlorobenzene and bile flow was elevated by the 1,2,4- isomer.

Both 1somers

caused a decrease in BDPF protein concentrat1on.
Several stud1es have demonstrated the ab1lity of the tr1chlorobenzenes
to enhance xenobiotic metabolism.

Carlson, in a series of reports (Carlson

and Tardiff, 1976; Carlson, 1977a, 1978, 1981; Smith and Carlson, 1980),
examined the ab1lity of l,2,4-tr1chlorobenzene to induce a var1ety of m1crosomal

funct1ons

O-p-n1trophenyl

and

enzymes

including

phenylphosphothionate

cytochrome
(EPN)

c

reductase,

detoxif1cation,

0-ethyl

cytochrome

P-450, glucuronyltransferase, benzpyrene hydroxylase and azoreductase.

In a

14-day study by Carlson and Tardiff (1976}, da1ly doses of l,2,4-tr1chlorobenzene in corn oil were administered orally to groups of 6 male albino rats
at 10, 20 and 40 mg/kg.

All the above funct1ons and enzymes increased sig-

nificantly (p<0.05) except benzopyrene hydroxylase.

In a 90-day study by

the same invest1gators, all the funct1ons and enzyme act1vities, including
benzopyrene hydroxylase, 1ncreased significantly (p<0.05) at 10-40 mg/kg/day
and remained s1gnificantly elevated after a 30-day recovery per1od.
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In a

s1m1lar study, Sm1th and Carlson (1980) adm1n1stered l,2,4-tr1chlorobenzene
at 181.5 mg/kg/day (1 mmol/kg/day) to rats for 1 days, and measured recovery
at

l,

6,

11

and 16 days.

EPN detox1f1cat1on was st111

s1gn1f1cantly

(p<0.05) elevated at 11 days; p-n1troan1sole demethylat1on at 16 days; cytochrome c reductase at 6 days; and cytochrome P-450 at 11 days.

In a s1m1lar

study by Carlson (1977b), 7-day adm1n1strat1on of l,3,5-tr1chlorobenzene at
100-200 mg/kg/day s1gn1f1cantly (p<0.05) 1ncreased EPN detox1f1cat1on, UDP
glucuronyltransferase,
decreased hepat1c

and

G-6-P;

cytochrome

c

reductase,

and

s1gn1f1cantly

azoreductase and serum

benzpyrene hydroxylase,

1soc1trate dehydrogenase were not s1gn1f1cantly affected at 200 mg/kg/day.
In the same study, .!.!!. v1vo hepatotox1c1ty of carbon tetrachlor1de (one dose
of 0.5 mt/kg) was s1gn1f1cantly (p<0.05) enhanced by 14-day pretreatment
of

rats w1th l,2,4-tr1chlorobenzene.

Glucose-6-phosphatase act1v1ty was

s1gn1f1cantly (p<0.05) decreased by pretreatment w1th l,2,4-tr1chlorobenzene
at 5 mg/kg/day, and 1soc1trate dehydrogenase was decreased by pretreatment
at 20 mg/kg/day.
The 1,2,4- 1somer, and to a lesser extent the 1,3,5- 1somer, were also
shown to 1nduce hepat1c esterases (Carlson et al., 1979; Carlson, 1980).

In

stud1es s1m11ar to those prev1ously descr1bed, rats rece1v1ng da1ly oral
doses of 18.2 mg 1somer/kg (O.l mmol/kg) for 14 days were k1lled 24 hours
later

and

hepat1c

m1crosomes

were

prepared.

The

l,2,4-1somer

was

an

effect1ve 1nducer of both acetan111de esterase and acetan111de hydroxylase.
wh1le the l,3,5-1somer 1nduced only the esterase and to a lesser degree than
d1d l,2,4-tr1chlorobenzene (Carlson et al., 1979).

The l,2,4-1somer also

1nduced hepat1c arylesterase, wh1le l,3,5-tr1chlorobenzene d1d not (Carlson,
1980).

Pretreatment of rats w1th 181.5 mg/kg/day (1 mmol/kg/day) of e1ther

1somer resulted 1n 1nduct1on of proca1ne esterase (Carlson et al .• 1979).
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In a ser1es of exper1ments, Ar1yosh1 et al.

(1975a,b,c) stud1ed the

effects of the tr1chlorobenzenes on 1nduct1on of hepat1c m1crosomal proteins, phosphol1p1ds and enzymes, espec1ally 1n relat1on to the act1v1ty of
6-am1nolevul1n1c ac1d synthetase,
synthes1s of heme.

the rate 11m1t1ng enzyme 1n the b1o-

The three tr1chlorobenzene 1somers were adm1n1stered

orally to groups of 2-6 female W1star rats at a dose of 250 mg/kg/day for 3
days, after wh1ch the rats were k1 l led and m1crosomes were prepared.

The

results 1nd1cated that tr1chlorobenzenes 1ncreased the levels of m1crosomal
proteins, phosphol1p1ds and cytochrome P-450, and enhanced the act1v1t1es of
an111ne

hydroxylase,

am1nopyr1ne

demethylase

and

6-am1nolevulin1c

ac1d

synthetase, w1th the l,2,4-1somer be1ng the most effect1ve (Ar1yosh1 et al.,
1975a,b).

The dose response of these effects to l,2,4-tr1chlorobenzene were

determfoed (Ar1yosh1 et al., 1975c) for groups of 2-6 female W1star rats
treated orally w1th s1ngle doses of 0, 125, 250, 500, 750, 1000 and 1500
mg/kg.

The results indicated that 24 hours after the adm1n1stration of the

1somer, m1crosomal prote1n was elevated at
was decreased at

~500

mg/kg.

~750

mg/kg and glycogen content

The act1vities of am1nopyr1ne demethylase and

an'11ne hydroxylase and the content of cytochrome P-450 were 1ncreased at
~250

mg/kg, as was 6-aminolevul1n1c ac1d synthetase act1v1ty.

9.3.2.

Subchronic Toxic1ty.

The effects of

tr1chlorobenzene follow1ng

subchron1c 1nhalat1on, as well as oral and dermal
1nvest1gated 1n a var1ety of species.

exposure,

have been

Tox1c1ty data for the tr1chloroben-

zenes can be found 1n Table 9-2.
Koc1ba et al. (1981) exposed 20 male Sprague-Dawley rats, 4 male New
Zealand rabb1ts and 2 male beagle dogs by 1nhalat1on to l,2,4-tr1chlorobenzene (99.4% pure) at levels of 0, 223 mg/m 3 (30 ppm) or 742 mg/m 3 (100
ppm) for 7 hours/day, 5 days/week for a total of 30 exposures in 44 days.
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TABLE 9-2
Sunwnary of Subchronlc and Chron1c Tox1c1ty Stud1es on Tr1chlorobenzenes
Spec1es

Durat1on

Effects

Reference

Route

Dose

Rat

1nhalat1on

74.2, 742 or
7423 mg/m•
of 1,3,5-TCB

6 hr/day, 5 day/wk
for up to 13 wk

No hepatotox1c1ty; three h1gh-dose rats had
squamous metaplasla and focal hyperplas1a
of respiratory ep1thel1um, be11eved to be
reversible

Sasmora and Pal111er,
1981

Rats, rabbHs,
two dogs

1nha1al1on

223 or 742 mg/m•
of 1,2,4-TCB

7 hr/day, 5 day/wk;
total of 30 exposures In 44 days

Increase 1n ur1nary excret1on of porphyr1a
1n exposed rats: 1ncrease In 11ver we1ghts
1n high-dose rats and dogs; Increased k1dney weights 1n h1gh-dose rats

Koc1ba et al., 1981

Rat

lnhalat1on

22.3 or
74.2 mg/111•
of 1,2,4-TCB

6 hr/day, 5 day/wl:,
3 mo

Increase In ur1nary porphyrln excretion 1n
high-dose rats: no effects In 22.3 mg/m•
group

Watanabe el al., 1978

Rat

1nhalal1on

186, 371 or
742 mg/m•
of 1,2,4-TCB

7 hr/day, 5 day/wk,
26 wk

Enlarged hepatocytes and nondose-dependenl
hepatocyles vacuolization, 11ver granulance,
b111ary hyperplas1a and kidney hyallne degeneration at 4 and 13 wk; no h1stopathology
ev1dent at 26 wk

Coate el al., 1977

Rabb1ls,
monkeys

1nha lallon

186, 371 or
742 mg/m•
of 1,2,4-TCB

7 hr/day, 5 day/wk,
26 wk

No treatment related changes at 26 wk

Monkey

oral

1, 5, 25, 90,
125 or 173.6
mg/kg/day
of 1,2,4-TCB

30 days

~25
~90

Rat

oral

50, 100 or
200 mg/kg/day
of 1,2,4-TCB

30, 60, 90 or
120 days

Increases 1n 11ver we1ghls, ltver porphyrtns
and urtne porphyrtns, dose and ttme related

Carlson, 1977b

Rat

oral

10, 20 or
40 mg/kg/day
of 1,2,4-TCB

90 days

Increase 1n 11ver-to-body we1ght rat1o 1n
h1gh-dose group; changes tn enzyme act1vatton at all doses

Carlson and Tardtff,
1976

Mouse

oral

600 ppm dtet
(0.078 mg/kg/
day) of
1,2,4-TCB

6 mo

No effects

Goto et al., 1972

ID
I
~

""

mg/kg/day - no effects observed;
mg/kg/day - observed tox1c1ly and death

. Coate el al., 1977

Snt\lh et al., 1978

TABLE 9-2 (cont.)

Spec1es

Route

Dose

Effects

Durat1on

Reference

Gu1nea p1g

dermal

D.5 mt/day
of 1,2,4-TCB

5 day/wk, 3 wk

Death follow1ng extensor convuls1on; 11vers
showed necrot1c foc1

Brown et al., 1969

Mouse

dermal

0.003 mt/pa1nt1ng of 30 and
6°" solut1on 1n
acetone of
1,2,4-TCB

2 t1mes/wk, 2 yr

Pa1nt1ng 1nduced exc1tab111ty, pant1ng and
ep1dermal th1cken1ng, 1nflarmiat1on and
kerat1n1zat1on; 1ncreased organ we1ghts and
mortal Hy

Yamamoto et al., 1957

Rats

oral
(dr1nk1ng
water)

25, 100 or
400 mg/t
of 1,2,4-TCB

Fo to F2
generat1ons

Enlarged adrenals 1n Fo and F1 generat1ons

Rob1nson et al., 1981

Rats

oral

36, 120, 360 or
1200 mg/kg/day
of 1,2,4-TCB

days 9-13 of
gestat1on

1200 mg/kg dose all dead by the 3rd day,
360 mg/kg dose caused 22" mortal1ty 1n
dams and moderate hepatocellular hypertrophy and non-s1gn1f1cant 1ncreases 1n
embryon1c lethal1ty and s1gn1f1cantly
retarded embryon1c development, 3& and
120 mg/kg groups not observed for embryon1c
effects, but sl1ght hepatocellular hypertrophy was reported 1n one 120 1119/kg dam

K1tch1n and Ebron,
1983a

Ral!b1ts

dermal

30, 150 or
450 mg/kg/day
of 1,2,3-TCB

5 day/wk, 4 wk

Dose-related sk1n 1rr1tat1on; 1ncrease 1n
ur1nary coproporphyr1n 1n h1gh-dose males
and s11ght pallor of 11ver 1n males and
females

Rao et al., 1982

~

.....
I

O'I

1,2,3-TCB = 1,2,3-tr1chlorobenzene; 1,2,4-TCB = 1,2,4-tr1chlorobenzene; 1,3,5-TCB

s

l,3,5-tr1chlorobenzene

There were no s1gnH1cant effects ·on body we1ght.
serum b1ochem1stry tests.

hematolog1c 1nd1ces or

Upon necropsy. gross and comprehens1ve h1stolog1-

cal exam1nat1on revealed no s1gn1f1cant treatment-related effects 1n any of
the

spec1es.

At

the

742

mg/m 3

level.

1ncreased

l1ver

we1ghts

detected 1n dogs and rats and 1ncreased k1dney we1ghts 1n rats.

were

Ur1nary

excret1on of porphyr1n was 1ncreased 1n rats exposed to l.2.4-tr1chlorobenzene at 223 or 742 mg/m 3

•

wh1ch the 1nvest1gators 1nterpreted as a com-

pound-spec1f1c phys1olog1c effect rather than a tox1c effect.
study supported this 1nterpretat1on.

A fol low-up

The same 1nvest1gators exposed male

and female Sprague-Dawley rats to l .2.4-tr1chlorobenzene at

o.

22.3 mg/m 3

(3 ppm) or 74.2 mg/m 3 (10 ppm} for 6 hours/day. 5 days/week for 3 months.
The results. wh1ch were reported 1n an abstract (Watanabe et al.. 1978).
1nd1cated that ur1nary excret1on of porphyr1ns was sl1ghtly 1ncreased 1n the
74.2 mg/m3 group during exposure. but returned to control range 2-4 months
post-exposure.
rats.

and

1ncreased

Since th1s appeared to be the most sensH1ve 1nd1cator in

exposure
porphyrin

to

tr1chlorobenzene

excret1on.

at

22.3 mg/m 3

22.3

was

mg/m 3

d1d

considered a

not

cause

no-observed-

adverse-effect level (NOAEL) for rats by the authors.
Sasmore and Palmer (1981) exposed male and female outbred alb1no CD rats
(20/group) to 1.3.5-trkhlorobenzene vapor at
mg/m 3

(100 ppm)

or

7423 mg/m 3

for up to 13 weeks.

(1000 ppm}

o.
for

74.2 mg/m 3

(10 ppm). 742

6 hours/day.

5 days/week

No s1gn1f1cant effects were observed on body we1ghts.

food consumption. standard hematolog1c and cl1n1cal chem1stry parameters or
on methemoglob1n and porphyr1n levels.

In a subgroup of an1mals k1lled

after 4 weeks of exposure. there was a s1gn1f1cant 1ncrease 1n the 11ver-tobody we1ght and liver-to-bra1n weight rat1os in the male rats of the h1gh
exposure level

group.

but

these effects were not observed at 13 weeks.
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S1nce gross and m1croscop1c patholog1c exam1nat1ons of the 11ver revealed no
treatment-related abnormal1t1es, the authors concluded that the exposure d1d
not cause hepatotox1c1ty.

M1croscop1c exam1nat1ons, however, revealed that

three h1gh dose rats had squamous metaplas1a and focal hyperplas1a of the
resp1ratory ep1thel1um, wh1ch the authors bel1eved to be revers1ble.
Coate et al. (1977) exposed groups of 30 male Sprague-Dawley rats, 16
male New Zealand rabbits and 9 male monkeys (Hacaca fasc1cular1s) to 99.07%
pure l ,2,4-tr1chlorobenzene vapor at levels of 0, 186 mg/m 3 (25 ppm), 371
mg/m 3 (50 ppm) or 742 mg/m 3 (100 ppm) for 7 hours/day, 5 days/week for
26 weeks.

Pulmonary funct1on and operant behavior tests in the monkeys,

ophthalmic exam1nat1ons 1n the rabb1ts and monkeys, and measurements of body
we1ght, hematologic 1nd1ces and serum b1ochem1stry parameters 1n all spec1es
were conducted before and dur1ng the exposure per1od.

Subgroups of 5 rats

each were k1lled after 4 and 13 weeks of exposure; all rema1n1ng rats were
k1lled after 26 weeks for h1stolog1cal exam1nat1on of selected t1ssues.

No

treatment-related effects at any observat1on t1me were seen w1th respect to
body weight,
species.

survival,

hematology

or

serum chemistry for

any of

No ophthalm1c changes were observed 1n rabbi ts or monkeys.

monary funct1on and operant behav1or were unaffected 1n monkeys.

the
Pul-

H1stolog1-

cal exam1natfon of rat t1ssues revealed that treated animals had enlarged
hepatocytes that were more prom1nent at 4 weeks than at 13 weeks after exposure, and at 371 and 742 mg/m 3

than at 186 mg/m 3 •

Other changes 1n

treated rats that did not appear to be dose-dependent were vacuol1zat1on of
hepatocytes at 4 and 13 weeks, sl1ghtly more severe granuloma of the 11ver
at 4 weeks and b111ary hyperplas1a at 4 and 13 weeks.

A nondose-related 1n-

crease in the sever1ty of k1dney hyal1ne degenerat1on was observed 1n test
rats at 4 weeks.

Th1s les1on was sl1ghtly more severe '\n the h1gh dose
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group at 13 weeks.

These effects appeared to be transient; rats necropsied

after 26 weeks of exposure had none of these changes.

Likewise, histologi-

cal examination of selected tissues from rabbits and monkeys revealed no
treatment-related changes after 26 weeks of exposure.
Carlson and Tard1ff (1976) assessed the effects of 14- or 90-day oral
administration of 1,2,4-trichlorobenzene in corn oil compared to corn oil
controls in male CD rats.
lethality,

In the 14-day studies, the effects examined were

hepatotoxicity and the influence on hexabarbital

and other parameters of xenobiotic metabolism.

sleeping time

A dose of 600 mg/kg/day, the

highest dose administered, caused no deaths during the 14-day administration
period.

Hepatotoxicity

was

evaluated

by

dosing at

0,

150,

300 or

600

mg/kg/day and determining serum isocitrate dehydrogenase and liver glucose6-phosphatase activities.
citrate

dehydrogenase

Although no dose-related changes

activity

was

observed,

activity was sign1ficantly decreased at

~300

liver

in serum iso-

glucose-6-phosphatase

mg/kg (p<0.05).

Hexabarbital

sleeping time was signifkantly decreased at 600 mg/kg/day (the only dose
examined); this effect persisted through a 14-day recovery period.

In rats

receiving 14 daily doses at 0, 10, 20 or 40 mg/kg, there was a significant
dose-related
(p<0.05).

increase

in

liver-to-body

weight

ratio

at

~10

mg/kg/day

Significant dose-related increases were also observed in activi-

ties or contents of cytochrome c reductase (at
(at >20 mg/kg). glucuronyltransferase (at

~20

~10

mg/kg), cytochrome P-450

mg/kg), azoreductase (at

mg/kg) and the rate of detoxicatfon of EPN (at

~10

mg/kg).

~10

These results

indicated that the doses, while causing a slight degree of hepatic injury,
significantly enhanced xenobiotic metabolism.
In the 90-day studies by Carlson and Tardiff (1976), the effects of oral
dosing of male CD rats (6 animals/group) at 0, 10, 20 or 40 mg/kg/day with
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l.2.4-tr1chlorobenzene 1n corn 011 on we1ght gain. liver weight, hemoglobin
content, packed cell volume and the indicators of xenobiotic metabolism were
evaluated.

No effects on weight gain and no consistent alterat1on in hemo-

globin content or packed cell volume were observed.

At 40 mg/kg, there was

a statistically sign1f1cant increase (p<0.05) 1n liver-to-body weight ratios
that persisted throughout a 30-day recovery per1od.

Following 90-day admin-

istration. cytochrome c reductase act1vity was increased at

~10

mg/kg, w1th

recovery after 30 days; cytochrome P-450 levels increased at

~20

mg/kg, fol-

lowed by recovery; glucuronyltransferase act1vHy decreased at

~10

mg/kg;

EPN detoxication 1ncreased at >20 mg/kg; benzopyrene hydroxylase activ1ty
increased 2-fold at 40 mg/kg; and azoreductase act1vHy increased at

~10

mg/kg.
Groups of 5 female rats (strain not reported) received daily oral doses
of 0, 50 1 100 or 200 mg l ,2,4-tr1chlorobenzene/kg/day 1n corn oi 1 for 30 1
60, 90 or 120 days (Carlson. 1977b).
liver

porphyrins at

~100

S1gnificant increases were observed 1n

mg/kg after 30 days exposure and

porphyrins at 200 mg/kg after 30 days.

in urinary

For the 30-day study, sl1ght but

s1gn1f1cant 1ncreases were also observed in 11ver we1ghts at 200 mg/kg.
When the compound was admin1stered for 60 days, only the liver we1ghts were
1ncreased.

The

admin1stration

of

l,2,4-tr1chlorobenzene

for

resulted in sl1ght but s1gn1f1cant increases in liver weights at
1n 11ver porphyrins at

~100

90
~50

days
mg/kg.

mg/kg and in urine porphyrins at 200 mg/kg.

A

s1gnificant increase was observed for liver porphyrins when the compound was
given at

~50

mg/kg for 120 days.

The excret1on of &-aminolevulin1c acid

and porphobilinogen 1n the urine was not increased at any dose given for any
duration.
the

When the author compared the 1 1 2,4-trichlorobenzene results wHh

results

for

hexachlorobenzene,

he
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concluded

that

trichlorobenzene

induced porphyr ia was very sma 11 compared to the hexach lorobenzene induced
porphyria (Carlson, 1977b).
A 90-day oral study by Smith et al. (1978), reported in an abstract, was
reviewed by U.S.

EPA (1980b), who gave further details of the study after

communication with the authors.

Rhesus monkeys (4/group) were given 1,2,4-

trichlorobenzene in daily oral doses of 1, 5, 25, 90, 125 or 173.6 mg/kg.
No toxic effects were observed at <25 mg/kg, while doses of

~90

mg/kg were

observed to be toxic, and the 173.6 mg/kg dose was lethal within 20-30 days.
There were no deaths observed in the 1, 5 and 25 mg/kg groups; one death
occurred

in

each

of

the

90

mg/kg

and

occurred in the 173.6 mg/kg group.
severe weight
highest

125 mg/kg

group

had

elevated

and

two deaths

Animals on the highest dose exhibited

loss and predeath fine tremors.

dose

groups

t

BUN,

Na ,

All of the animals in the

+
K • CPK.

SGOT.

SGPT.

LOH and

alkaline phosphatase as well as hypercalcemia and hyperphosphatemia from 30
days on.
guani de

Smith et al. (1978) have been using the urinary pattern of chlormetabolites

metabolism.

At

as

the

an

high

i nd1cat ion

doses,

of

cytochrome P-450 dependent

monkeys

showed

evidence

of

the

drug

hepatic

induction as well as increased clearance of i.v. doses of labeled l,2,4-tr1chlorobenzene.

Further information on the study (Smith, 1979) gave evidence

of liver enzyme induction in the 90, 125 and 174 mg/kg animals.
some

pathological

primarily a

fatty

changes

noted

infiltration.

in

the

The

livers

of

point at which

related to the compound was at the 5 mg/kg level.
this

study was

complicated by
animals,

a

available and
the

valid

use of

the

high dose groups,

there was

drugs

no-observed-effect

and weight

level

these data.
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(NOEL)

no effect

Since only an abstract of

since the interpretation of

other

There were

losses
cannot

this
in

study was

the control

be derived

from

Two subchronic studies have assessed the dermal toxicity of the trichlorobenzenes.

Powers et al.

(1975} applied technical grade 1,2,4-trichloro-

benzene at concentrations of 5 or 25% in petroleum ether, or 100% 1,2,4-trichlorobenzene topically

in 0.2 ml volumes

ears of New Zealand rabbits

to the ventral

(groups of 12 each},

3 times weekly for 13

weeks; a control group received petroleum ether only.
trichlorobenzene

and

controls

had

slight

surface of the

redness

Rabbits exposed to 5%
and

scaling.

Dermal

responses at 25 and 100% of the compound included slight to severe erythema,
severe scaling, desquamation, encrustation, and some hair loss and scarring.
The responses were characterized by acanthosis and keratosis,

typical of

moderate

degreasing

action.

to

severe

irritation

and

groups,

changes in gross pathology.

exposed
for

to

and none of the animals showed meaningful

The investigators noted that this contrasted

with the findings of Brown et al.

week

attributable

No overt signs of system'tc toxicity were noted, body weight gain

was comparable in all

pigs,

probably

topically to

3 weeks,

died

showed necrotic foci.

(1969), who reported that some guinea

l,2,4-tr1chlorobenzene at 0.5 ml/day,

following

extensor

convulsions

and

5 days/

their

livers

This difference in results may be attributed to the

site of appl1cation (Brown et al., 1969, used the dorsal midline for application,
0.2 ml},
week}

a more extensive exposure site},

the volume applied (0.5 mi vs.

the species used, and more frequent

application,

although

the

total

(5

times/week vs.

number of exposures was

3 times/
less

(5x3

weeks vs. 3xl3 weeks}.
Rao et al. (1982) applied technical grade trichlorobenzene [l,2,4- (70%}
and 1,2,3-trichlorobenzene (30%)] 5 days/week for 4 weeks, at doses of 0,
30, 150 or 450 mg/kg/day, to the dorsal skin (4x4 inch area} of groups (5 of
each sex) of New Zealand rabbits weighing -3 kg.

One rabbit died after 18

applications, but the investigators were unable to determine the cause of
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death by either

gross

or

histologic

examination.

Gross and histologic

examination of the skin showed evidence of moderate irritation at the highest dose and less irritation at the lower doses.

This irritation evidence

con s i s t e d of e pi de r ma l s ca l i ng , th i c ken i ng , f i s s ur e s , ul cer s and er yth ema .
No treatment-related change was observed in clinical chemistry (BUN, glucose,

SGPT,

SAP)

or

hematology.

A slight but significant increase in

urinary coproporphyrin was observed in high-dose males (450 mg/kg/day) at
day 24; none was seen in females.

This slight porphyria and a slight gen-

eralized pallor of the liver (3/5 males, 4/4 females) were the only signs of
toxicity.

systemic
failed

Extensive histologic examination of numerous

to show any treatment-related abnormalities.

tissues

The volume of tri-

chlorobenzene applied at the dose levels in this study can be calculated as
~0.06

ml

(30 mg/kg),

0.31

ml

(150 mg/kg)

and

0.93 ml(450 mg/kg)

by

multiplying the dose in g/kg by the weight of the rabbits (3 kg) and dividing by the density of trichlorobenzene (1.45).
9.3.3.

Chronic Tox1cHy.

No studies on the effects of the trichloroben-

zenes following chronic inhalation exposure were available for review; however, a chronic skin painting study was encountered.
conducted

a

6-month

feeding

study

in

mice

using

Goto et al. (1972)
hexachlorocyclohexane

isomers and their metabolites, including 1,2,4-trichlorobenzene.

Male mice

(20/group) of the ICR-JCL strain (age at initiation 5 weeks, average weight
26.5 g) received a diet containing 600 ppm of trichlorobenzene (78 µg of
compound/kg body weight, assuming mice consume 13% of their body weight in
food per day).

The weight gain of treated mice did not differ from controls

during the 6-month exposure.

At 26 weeks, 10 mice were killed and liver,

heart and kidneys were weighed; no abnormal weight changes were observed.
Macroscopic and histologic examination of the liver revealed no hepatic
tumors or any other lesions.
1832A
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Yamamoto et al.

(1957)

studied the toxicHy of 1,2,4-trichlorobenzene

when painted on the skin of Slc:ddy mice 2 times/week for 2 years.

Groups

consisted of 75 mice/sex receiving 0.03 ml applications of the compound as
30 or

60% solutions

received

only

in acetone.

acetone.

The

skin

Controls consisted of 50 mice/sex and
painting

produced

general

symptoms

of

excitability and panting, local skin thickening, keratinization and inflammation of the epidermis.

These effects were not observed in controls.

For

the 30% trichlorobenzene groups, mor ta 1 ity was increased in females ( 5/75
survived for 83 weeks compared with 11/50 controls).
were 357±.125.4 for
(p<0.01).

treated females compared with 423.8±.145.0 for controls

The survival of males at this exposure level was not signifi-

cantly different from that of controls.
increased
(p<0.01)

The mean survival days

(p<0.05)
for

Spleen weights were significantly

and left adrenal weights were significantly decreased

treated males when compared with controls.

Hematologic and

blood chemistry indices were essentially unchanged with the exception of
increased red blood cell
Cl

concentration

survived for
females

counts 1n

(p<0.01).

83 weeks.

compared with

For

treated males

(p<0.05)

the 60% solution,

6/75

Mean survival
423.8±.145.0

and decreased
treated females

days were 320.2±.147.7 for

for

controls

(p<0.001).

treated

Eight

of

treated males survived for 83 weeks compared with 9/50 control males.

75

Mean

survival days were 288.0±.173.7 for treated males and 363.9±.173.9 for controls

(p<0.05).

values were

seen

females (p<0.05).

Significant
in

the

differences

spleens

of

males

in

organ
(p<0.01)

weights
and

from

control

the adrenals of

Hematologic and blood biochemistry changes were seen in

increased lymphocyte counts in treated females (p<0.05), and in increased
SGOT (p<0.05), SGPT (p<0.001) and BUN (p<0.01) for treated males.

9.3.4.
examined

Mutagen1c1ty.
the mutagenic

Schoeny et al.
potential

of

(1979)

and

Lawlor

et

al.

(1979)

1,2,4-trichlorobenzene in Salmonella
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typhimurium tester strains TA98, TAlOO, TA1535 and TA1537, using the plate
incorporation

technique.

trichlorobenzene

ranging

Schoeny et al.
from

102

(1979) used 8 concentrations of

pg/plate

to

l.4xl0 5

pg/plate.

The

toxic dose was determined as 1599 pg/plate {killing of one or more strain
on mutagenesis plates).

Trichlorobenzene was

ne~ative

for mutagenicHy in

the absence and presence of S-9 microsomal fractions from uninduced rats,
from rats induced by the polychlorinated biphenyl, Aroclor 1254, and from
rats homologously induced with trichlorobenzene.
The study of Lawlor et al.
~·

TA1538 strain of
tioned.
tested

(1979), reported in an abstract, used the

typhimurium in addition to the strains previously men-

Negative results were obtained for five unspecified concentrations
in

the

Aroclor 1254.

presence and absence of rat

liver

microsomes

induced by

Because these results were reported in an abstract wHhout

the details of the experimental procedures used, the results cannot be critically evaluated.
The negative results in the Salmonella histidine reversion assay are not
unexpected

because

this

test

system is

generally

insensitive

to highly

chlorinated compounds (Rinkus and Legator, 1980).
9.3.5.

Carcinogenicity.

Yamamoto et al.

(1957) applied 1,2,4-trichloro-

benzene in acetone to the skin of Slc.ddy mice twice weekly for 2 years.
The solution of 1,2.4-trichlorobenzene was 60% for the high dose and 30% for
the low dose and the volume applied was 0.03 mt/application.

Each treated

group contained 75 animals and there were 50 control animals for each sex.
Growth rates in treated and control mice were comparable through 83 weeks.
Hean survival days were significantly reduced in the 60% 1,2,4-trichlorobenzene groups of males and females and also in the 30% treatment group of
females.
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Histopathology
lesions.

showed

some organs

sites

had

increased

non-neoplastic

Assuming that all 75 animals in the treated groups were examined

and all 50 in the control groups were examined, there would be increases in
lesions in the males in lung, liver, kidney, adrenal, spleen and lymph node
at

the high dose,

females

at

the

and

high

in all
dose.

of

these organs except lymph node in the

Unfortunately,

the

English

translation

of

Japanese text is not very specifk in describing the nature of the lesion
making it difficult to use this information in the interpretation of the
tumor findings.
No single tumor type was increased significantly over the control incidence but among males nine different

tumors were found

in the high dose

group as compared with two in the low dose and two in the control group.

In

females there were 11 different tumors in the high dose group as compared
with three \n the low dose and eight in the control group.

The authors do

not state whether these tumors were all found in different individual animals or whether these were multiple tumors in the same animal.

Therefore,

the actual incidence in terms of the number of tumor bearing animals is not
known.
Further information from this study is necessary for full
tion.

interpreta-

This single study is clearly inadequate for making any conclusions

about carcinogenicity in humans.
9.3.6.

Reproductive and Teratogenic Toxicity.

Studies on

the reproduc-

t1ve or teratogenic effects of trichlorobenzenes following inhalation exposure were not found in the available literature.

Robinson et al.

(1981)

reported a multigeneration study of the reproduct1ve effects of 1,2,4-trichlorobenzene following oral administration.
tinuously exposed

to

the compound at 0,
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25,

Charles River rats were con100 or 400 ppm in drinking

water.

The authors calculated the dosages for the F0 generation based on
water consumpt1on data to be:
for females at 29 days of age, 8.3.:t.0.8,
28.0.:t.l.2, 133.2.:t.13.4 mg/kg/day, respectively; for males at 29 days of age,
8. 5.:t.0.6,

27 .6,:!:_1.6,

133.6.:t.15.6 mg/kg/day,

respect1vely;

for

females at 83

days of age, 3.7.:t.O.l, 14.8.:t.l.O, 53.6.:t.3.9 mg/kg/day, respectively; for males
at 83 days of age, 2.5.:t.O.l, 8.9.:t.0.3, 33.0.:t.l.4 mg/kg/day, respectively.

The

exposure period began with the birth of the F0 generation and continued
through 32 days of age of the F generation. Each treatment group consis2
ted of 17-23 litters. No treatment-related effects were noted with respect
to fertility,

neonatal weights, maternal weights, litter sizes, preweaning

viability or postweaning growth in any generation.

Treatment-related dif-

ferences were seen with respect to food intake and water consumption in F

0

males and females, but they were inconsistent and did not occur in other
generations.

Blood chemistry analyses and locomotor activity measurements

revealed no overt hematologic or neurologic effects, and histological
nation of
damage.

the

livers and kidneys of

the F

1

exami~

generation rats revealed no

At the 400 ppm dose level, significantly enlarged adrenals in both

sexes of the F and F rats were observed at 95 days of age (p<0.006).
0
1
A follow-up acute toxicity study showed that this effect could result from
three daily i.p. injections of 500 mg l,2,4-trichlorobenzene/kg.
Black et al.

(1983) reported in an abstract a teratogenkity study in

pregnant Wistar rats using 1,2,4-, 1,2,3- or 1,3,5-trichlorobenzene admin1stered by gavage in doses of 75-600 mg/kg on days 6-15 of gestation (gestational day O or 1 not defined).
fied),

thyroid

and

liver

lesions

Upon necropsy (gestational day not spec1and

reduced

hemoglobin and

values were observed in treated dams (doses not specified).

hematocrit

No teratogenic

effects were observed 1n the pups; however, pups exposed to the 1,2,4- and
1,3,5- isomers (doses not specified) had mild osteogenic changes.
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Kitchin and Ebron

(1983a)

embryotoxicity study where

conducted a maternal

hepatic

toxicity and

they administered 1,2,4-trichlorobenzene (>99%

pure) dissolved in corn oil

(2 ml/kg) orally to pregnant Sprague-Dawley

{CD strain) rats (6 or more/group) on days 9-13 of gestation and the dams
were then sacrificed on day 14 of gestation.

The dosing groups were 0 (corn

oil only), 36, 120, 360 and 1200 mg/kg/day 1,2,4-trichlorobenzene.

All the

dams in the 1200 mg/kg/day group died by the third day of dosing.

The 360

mg/kg/ day group were observed with a maternal mortality rate of 22" and
greatly

reduced

body

weight

gains.

Maternal

liver

weights,

liver/body

weight ratios and hepatic microsomal protein content were not affected by
1 ,2,4-trichlorobenzene administration.

1,2,4-Trichlorobenzene was observed

to be a strong inducer of hepatic enzymes at the 120 and 360 mg/kg/day dose
levels.

Uver histology in the pregnant dams was unremarkable in the 36

mg/kg/day group, showed a slight degree of hepatocellular hypertrophy in 1
of 9 rats in the 120 mg/kg/day group and showed a moderate hepatocellular
hypertrophy in 7 of 8 rats in the 360 mg/kg/day group.

The uteri from only

the 0 and 360 mg/kg/day groups were examined for l ,2,4-trichlorobenzeneinduced

embryonic

resorption,

effects.

No

statistically

significant

differences

in

embryolethality or abnormalities were reported, although 3/12

treated litters showed embryolethality as compared to 0/12 in the control
litters.

Several

embryonic

1,2,4-trichlorobenzene

parameters

treatment.

were

These

significantly

parameters

were

decreased
embryonic

by
head

length, crown-rump length, somi te number and total embryo protein content
(reduced 23%).

9.4.

INTERACTIONS
Several

studies

discussed

in

Section

9.3.l.

on

acute

toxicity have

demonstrated that the isomers of trichlorobenzene are capable of affecting
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xenobiotic metabolism by inducing a variety of the hepatic drug-metabolizing
enzymes

in rats.

These

glucuronyltransferase,

include cytochrome c reduc tase, cytochrome P-450,

benzpyrene

hydroxylase,

azoreductase

(Carlson

and

Tardiff, 1976; Carlson, 1977, 1978, 1981; Smith and Carlson, 1980), acetanilide esterase and acetanilide hydroxylase, procaine esterase (Carlson et
al., 1979), arylesterase (Carlson, 1980), microsomal proteins, phospholipids
and aminopyrene hydroxylase (Ariyoshi et al.. 1975a,b,c).

That trichloro-

benzenes enhance xenobiot1c metabolism has been demonstrated by Smith and
Carlson

(1980)

and

Carlson

(1977a),

who

showed

that

administration

of

1,2,4- or 1,3,5-trichlorobenzene to groups of 4 male Sprague-Dawley rats for
7 days increased EPN detoxication.

The administration of 1,2,4-trichloro-

benzene to pregnant rats was also reported to induce hepatic levels of cytochrome

P-450,

cytochrome

c

reductase,

UDP

glucuronyltransferase

and

glutathione S-transferase (Kitchin and Ebron, 1983a).
Townsend

and

Carlson

(1981)

demonstrated

administered by gavage in corn 011

that 1,2,4-trichlorobenzene,

to groups of five male Swiss mice at

181.5 mg/kg (1 mmol/kg) for 7 days,

increased the L0

and protected the
50
m1ce against the toxk effects of malathion, malaoxon, parathion and paraoxon when graded doses of these i nsec t1c1 des were administered on the day
following the last dose of trichlorobenzene.
Experiments comparing the effects of trichlorobenzenes with the effects
of phenobarbital and 3-methylcholanthrene indicated that the induct1ons of
microsomal

enzymes

by

trichlorobenzenes

are

of

the

phenobarbital

type

(Carlson, 1978).
9.5.

SUMMARY
The trichlorobenzenes appear to enter the systemic circulation readily

via

inhalation,

ingestion

and

dermal
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absorption;

however,

data were

not

ava1 lab le

to quantitate

pharmacokinetic

the rates

processes.

of

Initial

these processes

distribution

of

nor

of any of

the

the trichlorobenzenes

and metabolites is mainly to the liver, kidneys and adrenals, followed by
migration to adipose tissue or metabolism to polar compounds that are more
readily excreted.

Metabolism appears to be initially to arene oxides, and

then by different routes in different species, with different rates of excretion.

Species differences are such that extrapolation of adverse effects

to humans probably requires the support of comparative metabolic data.
Human

exposure

to

1,2,4-trichlorobenzene at

respiratory irritation (Rowe, 1975).

3-5

ppm

causes

eye and

The only other data on human exposure

are individual case reports of aplastic anemia of persons exposed occupationally or domestically (Girard et al., 1969).
The effects in mammals of acute exposure by various routes to trichlorobenzenes include local irritation, convulsions and death.
adrenals,

mucous membranes

Livers, kidneys,

and brain ganglion cells appear

to be

target

organs with effects including edema, necrosis, fatty infiltration of livers,
increased organ weights, porphyrin induction and microsomal enzyme induction.
Quantitative data
subchronic
species.
target

exposure

on
by

the

toxic

various

effects of

routes

were

trichlorobenzene following
obtained

in

a

variety

of

In general, these studies indicate that the liver and kidney are
organs.

Inhalation

of

1,2,4-trichlorobenzene at

~74.2

mg/m 3

(10

ppm) for 6 hours/day, 5 days/weel' for up to 26 weeks induced hepatocytomegaly and hyaline degeneration in several

species

(Kociba et al.,

1981;

Watanabe et al., 1978; Coate et al., 1977), although these effects may be to
some extent reversible.
mg/m 3
some

One study (Watanabe et al., 1978) identified 22.3

(3 ppm) as a NOAEL in rats.
rats

exposed

by

inhalation

Sasmore and Palmer (1981) reported that
to

1,3,5-trichlorobenzene at

9-30

7423 mg/m 3

(1000 ppm) for 13 weeks showed squamous metaplasia and focal hyperplasia of
the res pi ra tory epHhe 1i um, which appeared to be reversible.

Subchronic

oral studies have also found that the trichlorobenzenes induce hepatic xenobiotic metabolism (Carlson and Tardiff. 1976; SmHh et al.. 1978) and porphyria (Carlson, 1977b).

Subchronic dermal exposure resulted in mild to

moderate irritation (Powers et al., 1975; Rao et al., 1982).
One chronic study, on the effects of trichlorobenzene painted on the
skin of mice for 2 years, reported increased mortality in females at the low
dose (30% solution in acetone) and in both sexes at the high dose (60% solution) (Yamamoto et al., 1957).

While numbers of all tumor types appeared to

be increased, no significant change was detected for any individual tumor
type.

Thus,

the carcinogenic

results

of

the

only

relevant

study are

considered inconclusive.
Results of two reports on mutagenicity tests with Salmonella typhimurium
test strains were negative (Schoeny et al., 1979; Lawlor et al., 1979).
However, this test system is generally insensitive to chlorinated compounds.
A multigeneration study of the reproductive effects of oral exposure to trichlorobenzene (Robinson et al., 1981) failed to show effects on reproduction.

Teratogenicity studies after administration by the oral route in rats

(Black et al..

1983;

KHchin and Ebron,

1983a)

showed mild osteogenic

changes in pups and significantly retarded embryonic development as measured
by growth parameters.
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10.

TETRACHLOROBENZENES

Approximately 5 mi 11 ion pounds of the three tetrachlorobenzene isomers
were produced annually in the United States in 1981 (Chlorobenzene Producers
Association, 1984).

Recent information indicates that there is an incident-

al annual "by-product" production of about 3 million pounds of the tetrachlorobenzenes

(Chlorobenzene Producers Association,

1984).

The l,2,4,5-

isomer is primarily used as an intermediate in the synthesis of fungicides,
bactericides and herbicides (see Sections 4.1. and 4.2.) (U.S. EPA, 1977).
Tetrachlorobenzene isomers have been detected in environmental samples as
well as in human tissues and breath, but no quantitative exposure assessment
has been completed {see Sections 4.3. and 4.4.).

Fish and other organisms

bioaccumulate the tetrachlorobenzenes, indicating that human exposure from
the

food

chain

is

possible along with

human

atmospheric

exposure

(see

Section 4.4.).

10.l.

PHARHACOKINETICS

No studies describing the absorption, distribution, metabolism or excretion of l ,2,3,4-, 1,2,3,5- or 1,2,4,5-tetrachlorobenzene following fohalation

exposure were

studies

describing

located
the

in

the available

pharmacokinetics

of

literature.

the

three

Several

oral

tetrachlorobenzene

isomers in rats, rabbits and dogs are available and are discussed in detail
below.
10.l.l.

Absorption.

Jondorf

et al.

(1958)

examined

the

absorption

of

1,2,3,4-, 1,2,3,5- and 1,2,4,5-tetrachlorobenzene from the gastrointestinal
tract of female Chinchilla rabbits.

Groups of three rabbits were given a

single dose of the tetrachlorobenzene isomers by stomach tube at a dose

l 0-1

level of 500 mg/kg as a 10% solut1on 1n arachis on.

Through 6 days post-

dosing, the percentages of the administered doses recovered in the feces as
the 1ntact compound were 5% for 1,2,3,4-tetrachlorobenzene, 14% for 1,2,3,5tetrachlorobenzene and 16% for 1,2,4,5-tetrachlorobenzene.

Considering the

small amount of isomers in the feces through 6 days postdosing and that some
content may have been due to biliary excretion, it can be

of this fecal
assumed

that

gastrointestinal

absorption

of

the

three

tetrachlorobenzene

isomers is a relatively efficient process in rabbits (Jondorf et al., 1958).
The percentages of the administered doses recovered unchanged in the "gut
contents" were 0.5, 1.4 and 6.2% for 1,2,3,4-, 1,2,3,5- and 1,2,4,5-tetrachlorobenzene, respectively, suggesting that the chlorine positions on the
molecule may influence absorption.
10.1.2.

01str1but1on.

The Ussue distribut1on patterns of 1,2,4,5-tetra-

chlorobenzene in beagle dogs (Braun et al., 1978) and of all three tetrachlorobenzene 1somers in Chinchilla rabbits (Jondorf et al., 1958) and rats
(Chu et al., 1983; Jacobs et al., 1977) have been described.

None of these

1nvestigators speculated on comparisons between the animal

spec1es tested

and humans.
Braun et al. (1978) administered 5 mg/kg/day of 1,2,4,5-tetrachlorobenzene 1n the diet

to 2 male and 2 female beagle dogs for

2 years.

The

resulting distribution of 1,2,4,5-tetrachlorobenzene was described in terms
of a two-compartment pharmacokinet1c model, with clearance rate constants
(ke)

of

6.64±0.82xl0- 3

for fat tissue.
and 104 days,

day- 1

for

plasma

and

6.22±0.58xl0- 3

day- 1

The half-lives for elimination from fat and plasma were 111
respectively.

The authors concluded that steady-state was

approached at a faster rate in fat than in plasma.
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However, the steady-

state prof,les for both fat and plasma (Tables 10-1 and 10-2) appear to be
similar.

and no statistically significant difference was reported.

The

fat:plasma ratio (F/P) was -650 after l month of treatment. indicating that
1.2.4,5-tetrachlorobenzene has a high affinity for fat.

During the remain-

der of the study, F/P decreased steadily, reaching -280 by the end of the
study.

Therefore, the fat was probably becoming saturated with each succes-

sive dose. and the 1.2,4,5-tetrachlorobenzene concentration in the plasma
increased more rapidly over time than that in the fat.

During the 20-month

observation period that fo 11 owed treatment, F/P 1ncreased rapidly, as the
available 1,2,4,5-tetrachlorobenzene in the plasma and other hypothetical
1ow affinity compartments was

preferentially

redistributed

to the high

affinity fat compartment.
Jondorf et al. (1958) administered single dosages of 500 mg/kg each of
the three tetrachlorobenzene isomers as a 10% solution in arachis oil by
stomach tube to groups of three Chinchilla rabbits.
6 days
detected

post-dosing,
in

and

the

the 11ver. brain,

unchanged

The animals were killed

tetrachlorobenzene

skin, depot fat,

isomers

were

gut contents and other

unspecified parts of the body (cumulatively referred to as "rest of body").
The percentage of the administered dose measured as unchanged isomer for
each of the above tissues is presented in Table 10-3.
Chu

et

al.

(1983)

administered

14

C-labeled

1,2,3.4-,

1,2,3,5- and

1,2,4,5-tetrachlorobenzene as a single oral dose of 1 or 10 mg/kg to male
rats, and killed the treated animals 7 days postdosing.

At the higher dose

level,

tissues examined,

1,2,4,5-tetrachlorobenzene was

observed

in all

including fat (411 ppm), skin (33 ppm). kidney (23 ppm) and liver (22 ppm};
there was no indication in the abstract whether these concentrations were
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TABLE 10-1
Percentage of 1,2,4,5-Tetrachlorobenzene Steady-State Reached
at Specific Times in Fat and Plasma of Dogs*

Percentage of
T1me of Exposure
(days)

Fat
5.5

10

*Source:

Stead~-State

Profl le

Plasma
4.8

30

16

14

90

40

35

180

64

58

365

87

83

730

98

97

Braun et al., 1978

2 Male and 2 female beagle dogs were administered 5 mg/kg/day of 1,2,4,5tetrachlorobenzene in the diet.
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TABLE 10-2
Time Required to Reach Various Percentages of
1.2.4.5-Tetrachlorobenzene Steady-State in Fat and Plasma of Dogs*

nme (days)
Percentage of Steady State

Fat

Plasma

99.9

1220

1418

98.0

691

803

90.0

407

473

50.0

122

142

*Source: Braun et al .• 1978
2 Hale and 2 female beagle dogs were administered 5 mg/kg/day of 1.2.4.5tetrachlorobenzene in the diet.
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TABLE 10-3
Unchanged Tetrachlorobenzene in Rabbit T1ssues
6 Days After Oral Dos1ng (500 mg/kg)*

Percentage of Dose
Tetrachlorobenzene
Isomer

Liver

1,2,3,4-

0 .1

0

1,2,3,5-

<0.5

1,2,4,5-

0. 1

Depot
Fat

Gut
Contents

Rest of
Body

Total

2

5

0.5

2.0

10

<0.2

5

11

1.4

5.2

23

<0.1

10

6.2

6.4

48

Bra1n

Skin

*Source: Jondorf et al., 1958
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intact compound or radioactivity.

Similar tissue distribution patterns were

observed for animals ghen the higher doses of 1,2,3,4- or 1,2,3,5-tetrachlorobenzene,

but

tissue concentrations were much less; further detail

regarding target tlssues and concentrations for these two isomers were not
reported in the abstract.

At the lower doses, a similar tissue distribution

pattern for all three isomers was observed.
As reported in the summary of a German study, Jacobs et al. (1977)
continuously

fed

rats

diets

containing

level and duration not reported).

1,2,4,5-tetrachlorobenzene

(dose

Accumulation of 1,2,4,5-tetrachloroben-

zene and its derivatives were greatest in adipose tissue.

The maximum

concentrations in adipose t1ssue and blood were reached by 3 weeks after
initiation of treatment, and steady state was attained in both adipose and
blood compartments by 5 weeks after initiation of treatment.
Morita et al. (1975d) analyzed adipose tissue samples of 15 residents of
the Tokyo metropolitan area for 1,2,4,5-tetrachlorobenzene.

Residual tissue

levels of 1,2,4,5-tetrachlorobenzene ranged from 0.006-0.039 µg/g of fat,
with a mean residual tissue level of 0.019 µg/g of fat.

The source and

route of exposure to 1,2,4,5-tetrachlorobenzene were not identified.
10.1.3.

Metabolism.

Kohli et al. (1976a) examined the metabolic fate of

the three tetrachlorobenzene isomers in male rabbits following a single
intraperitoneal injection of the compounds dissolved in vegetable oil at
dose levels of 60-75 mg/kg.
collected

for

10

days

The urine and feces of the treated animals were

postdosing

1,2,3,5-Tetrachlorobenzene was
yielding 2,3,4,5-,
chlorobenzene was

and

the most

examined

for

extensively

major

metabolized

2,3,5,6- and 2,3,4,6-tetrachlorophenol.
metabolized

to

2,3,4,5- and
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metabolites.
isomer,

1,2,3,4-Tetra-

2,3,4,6-tetrachlorophenol,

wh1le 1,2,4,5-tetrachlorobenzene yielded
tetrachlorophenol.

the single metabolite,

2,3,5,6-

The authors proposed corresponding arene oxides as elec-

trophilic intermediate metabolites of all three tetrachlorobenzene isomers,
with

the ultimate tetrachlorophenol formation from 1,2,3,5- and 1,2,3,4-

tetrachlorobenzene involving an NIH shift of a chlorine atom.
11sm

of

l,2,4,5-tetrachlorobenzene

to

The metabo-

2,3,5,6-tetrachlorophenol

can

be

achieved via the 2,3,5,6-tetrachlorobenzene oxide intermediate without an
NIH sh1ft of a chlorine atom.

Further evidence of this metabolic pathway

was provided by Ariyoshi et al. (1974, 1975a,b), who reported that all three
tetrac~lorobenzene

isomers increased the cytochrome P-450 enzyme activity in

the liver of rats, indicating that oxidative metabolism with the formation
of the corresponding arene oxide intermediate is a plausible pathway.
The metabolic fate of the tetrachlorobenzenes in rabbits was also investigated by Jondorf et al. {1958).

Single doses of 500 mg/kg tetrachloro-

benzene isomers were given to groups of three rabbits by stomach intubation
as a 10% solution in arachis oil.

The metabolic products detected in the

urine through day 6 postdosing, as summarized in Table 10-4, included tetrachlorophenols and the glucuronide, ethereal sulfate and mercapturic acid
conjugates.

The authors suggested that the tetrachlorobenzenes were metabo-

lized via the competitive reactions involving oxidative hydroxylat1on or
reductive dechlorination.

In agreement with the results obtained by Kohli

et al (1976a), Jondorf et al. (1958) also reported that 1,2,4,5-tetrachlorobenzene was the least metabolized tetrachlorobenzene isomer; 48% of the
administered dose of 1,2,4,5-tetrachlorobenzene was detected as the intact
compound in the tissues of rabbits at 6 days after administration, as compared to 10% for 1,2,3,4-tetrachlorobenzene and 23% for 1,2,3,5-tetrachloro-
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TABLE 10-4
Urinary Metabolites of Tetrachlorobenzene Isomers in Rabbits 6 Days After Oral Dosing (500 mg/kg)*

Percentage of Dose (Mean Values) Excreted as
Tetrachlorobenzene
Isomer

Tetrachloro~henol

Glucuronide

Ethereal Sulfate

Mercapturic Acid

--'

0

Free

Total

8

43

I
i.D

1,2,3,4-

30

3

<l

1,2,3,5-

6

2

0

1.9

5

1,2,4,5-

4

l

0

1.3

2.2

*Source: Jondorf et al., 1958

benzene.

It was suggested by Morita (1977) that the metabolism of 1,2,4,5-

tetrachlorobenzene

via

ox1dat1ve

hydroxylation

1s

partially

inhib1ted

because of steric factors.
Chu et al.
14

(1983) administered single oral doses of 1 or 10 mg/kg

C-labeled 1 ,2,4,5-, 1 ,2,3,5- and l ,2,3,4-tetrachlorobenzene each to male

rats, and killed the treated animals 7 days postdosing.

Urinary metabolites

of

tetrachlorophenols,

the

tetrachlorobenzene

isomers

detected

included

trichlorophenols, dihydroxylated tetrachlorobenzenes and trace amounts of
sulfur-containing metabolites; no distinction between individual isomers and
metabolites was made in the abstract.
The tetrachlorobenzenes have been reported as metabolites of lindane in
rats (Engst et al., 1976a), molds (Engst et al., 1979), hen pheasants,
wheat, lettuce and endives (Kohli et al, 1976b,c; Saha and Burrage, 1976),
and of hexachlorobenzene in rats (Mehendale et al., 1975; Engst et al.,
1976a).
10.1.4.

Excretion.

Jondorf et al. (1958) admin1stered single doses of 500

mg/kg each of the tetrachlorobenzene isomers to groups of three rabb1ts by
stomach tube in a 10% solution in arachis oil.
isomers were excreted as

phenols

(primarily

The tetrachlorobenzene

tetrachlorophenols)

in

the

urine, as intact compound in the feces and breath and as other chlorobenzenes in the expired air.

Total excretion of the administered dose at 6

days postdosing was 68% for both 1,2,3,4- and 1,2,3,5-tetrachlorobenzene,
and 83% for

1,2,4,5-tetrachlorobenzene.

The excretion profiles for

the

isomeric tetrachlorobenzenes are summarized in Table 10-5, and the excretion
of the intact compound in the expired air over 5 days postdosing is summarized in Table 10-6.

10-10

TAB!~

10-5

Summary of Excretion of the Isomeric Tetrachlorobenzenes as Metabolites or as
Unchanged Compound in Rabbits Dosed Orally (500 mg/kg)*

Percentage of Dose Excreted as
Tetrachlorophenol
....
0
Isomer
....
....
I

Unchanged Tetrachlorobenzene in

Phenols in Urine
Tetrachlorophenols

Other
Phenols

Feces

Tissues

Breath

Other
Chlorobenzenes
in Breath

Total

1,2,3,4-

43

<l

5

10

8

2

68

1,2,3,5-

5

5

14

23

12

9

68

1,2,4,5-

2

5

16

48

2

10

83

*Source: Jondorf et al., 1958

TABLE 10-6
Excretion of Unchanged Tetrachlorobenzenes in the
Expired Air of Rabbits After Oral Dosing (500 mg/kg)*

Tetrachlorobenzene
Isomer

Percentage of Dose 1n

Ex~ired

Days after Dosing

Total

!

2

3

!

1,2,3,4-

1.9

2.2

1.6

0.2

0

1,2,3,5-

2. l

2. l

1.2

2.9

2.6

1,2,4,5-

1.2

0.2

0.2

0

0

*Source: Jondorf et al., 1958
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A1r

~

5.9
10.9
1. 6

Chu et al. (1983) adm1nistered single oral doses of l or 10 mg/kg each
of

14

C-labeled 1,2,4,5-,

1,2,3,5- and 1,2,3,4-tetrachlorobenzene to male

rats, and killed the treated animals 7 days postdosing.

Animals receiving

the h1gher dose of 1,2,4,5-tetrachlorobenzene were observed to excrete 16.7%
of the administered dose in the urine and 4.8% in the feces.

The percentage

of the administered dose excreted in the urine and feces of animals dosed
with 1,2,3,5- or 1,2,3,4-tetrachlorobenzene was greater than that for those
dosed with l. 2 ,4, 5-tetrach lorobenzene; however, actual percentages were not
reported.

Excretion of the lower doses of isomers were similar to the per-

centage values observed with the higher doses, but quantitative results were
not presented in the abstract.
10.1.5.

Sunmary.

No

studies

describing

the

absorption,

distribution,

metabolism or excretion of 1,2,3,4-, 1,2,3,5- or 1,2,4,5-tetrachlorobenzene
following inhalation exposure were located in the available literature.

The

pharmacokinetics of the tetrachlorobenzene isomers following oral administration is well characterized in rabbits, but not in other animal species.
The lipophilic characteristics of the tetrachlorobenzene isomers allowed
efficient transepithelial absorption at the gastrointestinal and respiratory
surfaces.

Once absorbed, the tetrachlorobenzene isomers administered orally

to rabbits was rapidly accumulated in fat, metabolized primarily to tetrachlorophenols and

their conjugates,

partly as glucuronides and ethereal

sulfates, or eliminated unchanged in the expired air or feces (Jondorf et
al .• 1958).
No pharmacokinetic data were available for humans, except a report of
1,2,4,5-tetrachlorobenzene in adipose tissue (range of 0.006-0.039 mg/kg bw;
mean of 0.019 mg/kg bw) of 15 Tokyo residents (Mor Ha et al., 1975d).

10-13

Although quantitative estimates of human exposure to the tetrachlorobenzene
isomers via air, food or drinking water were not ava1lable, based on the
relatively limited 1ndustrial use of the tetrachlorobenzene isomers (U.S.

EPA, 1980b), human exposure may not be signHicant.

The tetrachlorobenzene

isomers are both .in. vivo and .in. vitro metabolites of the pesticides, lindane
and hexachlorobenzene (Mehendale et al., 1975; Engst et al., 1976a,b, 1979;
Kohli et al, 1976b,c; Saha and Burrage, 1976); therefore, human exposure via
air, food and drinking water could occur from the environmental degradation
of these pesticides.

EFFECTS ON HUMANS

10.2.

Only one epidemiologic study was available regarding the effects of the
tetrachlorobenzenes on humans.

Kiraly et al.

(1979) examined peripheral

lymphocytes for chromosomal abnormalities in blood collected from Hungarian
in

the

production

of

1,2,4,5-tetrachlorobenzene.

workers

engaged

"normal

control" group consisted of 49 nonfactory workers

(ages,

The
26-52

years; average age, 38.2 years) who provided blood for chromosome examination at a genetic counseling clinic.

The "factory employees control" group

consisted of 14 factory employees (ages, 28-47 years; average age, 35.4
years; duration of employment range of 10-30 years) not directly exposed to
the

1,2,4,5-tetrachlorobenzene manufacturing

process,

but

with

inadvertent exposure to other unspecHied airborne pollutants.

possible

The "posi-

tive control" group contained 25 factory workers (ages, 31-59 years; average
age,

44.6

years)

producing

employed at that job for

~6

1,2,4,5-tetrachlorobenzene;

each

had

months, working 8 hours/day, and wearing

11

been
Tucan-

type11 face masks during work hours.

Coded samples of peripheral lymphocytes

were cultured for 48 hours, and

metaphase eel ls were examined for each

sample.

~50

Factory air concentrations of 1,2,4,5-tetrachlorobenzene were not

determined.
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The group of workers exposed to 1,2,4,5-tetrachlorobenzene had a signHicantly increased (p<0.01) frequency of cells wHh <46 chromosomes when
compared wHh both the normal and factory employee control groups.

Poly-

ploidy was observed in 2.94% (40 of 1360) of the mitoses examined from the
exposed group, compared wHh 0.59% (15 of 2523) in the normal control, and
2.50% (21 of 838) in the factory control group; statistical significance was
not

indicated.

resulted

in

Inadvertent

the

aberrations

relatively

observed

chromatid-type

in

exposure
high

the

chromosome

to

airborne

percentage

factory

of

control

aberrations,

labile

pollutants

may

have

polyploidy and chromosome

group.

The frequencies

chromosome-type

for

aberrations

and stable chromosome-type aberrations for the three groups are listed in
Tables

10-7,

10-8

and

10-9,

respectively.

The

authors

concluded

that

1,2,4,5-tetrachlorobenzene was mutagenic (i.e., clastogenic) to occupationally exposed humans.
10.3.

MAMMALIAN TOXICOLOGY

No an1mal stud1es on acute tox1c1ty, subchronic toxicity, chronic toxicity, mutagenicity, carcinogencity or reproductive and teratogenic effects of
1,2,3,4-,

1,2,3,5- or

exposure were

located

1,2,4,5-tetrachlorobenzene
in

the available literature.

following

inhalation

Several oral

studies

descrlblng some of the effects of the three tetrachlorobenzene isomers in
animal

species are available and are described below.

chronic,

chronic,

A sununary of sub-

reproductive and teratogenic toxicity studies on tetra-

chlorobenzenes can be found in Table 10-10.
for 1,2,4,5-tetrachlorobenzene
50
was reported to be 1035 mg/kg when given in sunflower oil and 2650 mg/kg

10.3.l.

Acute

Toxicity.

The

oral

LO

when given in 1.5% starch solution in mice and 1500 mg/kg when given in
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TABLE 10-7
Frequency of Chromat1d-type Chromosome
Aberrat1ons 1n Per1pheral Lymphocytesa

Parameter

Normal
Control

Factory
Control

1,2,4,5-Tetrachlorobenzene
Exposed

No. of Mitoses Examined
(subjects)

2523 (49)

Gap
Number
Percent

73
2.89

46
5.48

81
5.95

Isogapb
Number
Percent

19
0.75

2
0.23

30
2.20

Total (Gap + Isogap)
Percent

92
3.64-

5. 71

48

111
8.15

Break
Number
Percent

40
1 . 59

3. 10

Isobreakb
Number
Percent

0. 67

2. 14

2. 35

Total (Break + Isobreak)
Percent

57
2. 26

44
5 . 24

6. 39

Exchange
Number
Percent
Total Aberrations
Number
Percent

838 (14)

1360 (25)

26

17

55

4. 04

18

32

87

0

0

2

0

0

0.15

149
5.90

92
10.97

198
14.70C

asource: Kiraly et al., 1979
brsogap and isobreak are aberrations involving the same location on two
chromatids
cstatistically significant d1fference between
control groups; test and p value not specified.
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exposed

and

each

of

the

TABLE 10-8
Frequency of Labile Chromosome-type Aberrations*

Parameter

Factory
Control

Normal
Control

838 ( 14)

1,2.4,5-Tetrachlorobenzene
Exposed
l 3f>O ( 25)

No. of Mitoses Examined
(subjects)

2523 (49)

Acentric Fragment
Number
Percent

9
0.35

8
0.95

19
1.40

Ring Chromosome
Number
Percent

0

0

0

0

2
0. 15

Percent

0
0

0
0

0 .15

Total
Number
Percent

9
0.35

8
0.95

23
1.f>9

Di centric Chromosome
Number

*Source: Kiraly et al., 1979
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2

TABLE 10-9
Frequency of Stable Chromosome-type Aberrat1onsa

Parameter

Normal
Control

Factory
Control

1.2.4.5-Tetrachlorobenzene
Exposed

No. of Kar yo types Examined

460

144

237

Delet1on
Number
Percent

19
4 .13

10
6.94

27
11.39

Inversion
Number
Percent

4
0.87

1
0.69

1.68

Translocation
Number
Percent

3
0.65

2
1.38

2 .10

Total
Number
Percent

26
5.65

13
9.02

36
15 .1 ab

4

5

asource: K1raly et al .• 1979
bstat1sUcally significant difference between exposed and normal controls
and factory controls (p<O.l. test not specif1ed).
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TABLE 10-10
Su11111ary of Tox1c1ty Stud1es on Tetrachlorobenzenes

Spec1es

Route

Dose·

Ourat1on

Reference

Rat

oral

0.5-500 mg/kg
of d1et
1,2,4,5-TeCB

28 or 90 days

Increased 11ver and k1dney we1ghts and
h1stolog1cal changes 1n 11ver and k1dneys;
1ncreases 1n MFO act1v1ty, serum cholesterol
values

V1lleneuve et al.,
1983

Rat

oral

0.001, 0.005,
0.05 mg/kg/day
1,2,4,5-TeCB

8 months

No effects observed 1n 0.001 mg/kg/day dose
group; 0.005 and 0.05 mg/kg/day doses caused
d1srupt1on 1n cond1t1oned reflexes, 1ncreases
1n 11ver we1ght coeff1c1ents and decrease 1n
serum SH groups

Fomenko,, 1965

Rabb1t

oral

0.001, 0.005,
0.05 mg/kg/day
1,2,4,5-TeCB

8 months

No effect observed 1n 0.001 mg/kg/day dose
group; 0.05 mg/kg dose caused d1sorder of
11ver glycogen format1on, altered serum SH
group levels, 1ncrease 1n blood hemoglob1n
and per1pheral ret1culocyte levels

Fomenko, 1965

Rat

oral

75 mg/kg/day
1,2,4,5,-TeCB

2 months

Altered b1ochem1cal parameters 1nd1cat1ng
changes 1n hepat1c and hematopo1t1c homeos las 1s

Fomenko, 1965

Dog

oral

5 mg/kg/day
1,2,4,5-TeCB

2 years exposure, 22 months
recovery

No controls used; elevated SAP and total
b111rub1n, returned to normal range 3 mo
after exposures ended

Braun et al., 1978

Pregnant rats

oral

50, 100,
200 mg/kg/day
1,2,4,5-TeCB

days 6-15 of
gestat\on

H1gh-dose lethal to 9/10 of treated dams;
organ we1ght changes, elevated serum
cholesterol and 11ver metabo11sm enzymes,
no 1nd1cat1on of those changes were doserelated

Rudd1ck et al., 1981

Pregnant rats

oral

50, 100,
200 mg/kg/day
1,2,3,4-TeCB

days 6-15 of
gestat1on

Induced maternal tox1c1ty and 1ncreased
lethal1ty of pups at 200 mg/kg/day

Rudd1ck et al., 1981

Pregnant rats

oral

50, 100,
200 mg/kg/day
1,2,3,5-TeCB

days 6-15 of
gestat1on

Increased lethal1ty 1n 200 mg/kg/day group
pups; one pup malformed and m1nor chondrogen1c delay 1n other pups

Rudd1ck et al., 1981

_,
0
I
_,

"°

Effects

TABLE 10-10 (cont.)

Route

Spec1es

__.

Dose

Durat1on

Effects

Reference

Pregnant rats

oral

30, 100, 300,
1000 mg/kg/day
1,2,4,5-TeCB

days 9-13 of
gestat1on observed on day 14

Only control and 1000 mg/kg/day group
exam1ned for embryotox1c1ty and only
observed fewer 1mplantat1ons than control,
sl1ght hepat1c centrolobular hypertrophy
1n 1000 mg/kg/day group, hepat1c enzymes
1nduced at all doses.

K1tch1n and Ebron,
l983b

Pregnant rats

oral

100, 300,
1000 mg/kg/day
1,2,3,4-TeCB

days 9-13 of
gestat1on observed on day 14

Only control and 300 mg/kg/day group
exam1ned for embryotox1c1ty, s1gn1f1cant
embryon1c growth reduct1on was observed 1n
the 300 mg/kg/day group, maternal lethal1ty
1n 300 (l/10 dams) and 1000 (7/19 dams)
mg/kg/day groups, m1n1mal hepatocellular
hypertrophy 1n 300 mg/kg/day group, m1n1mal
to moderate hepatocellular hypertrophy and
reduced body and 11ver we1ghts 1n 1000
mg/kg/day group, hepat1c enzymes 1nduced 1n
the 300 and 1000 mg/kg/day groups.

K1tch1n and Ebron,
1983c

0
I
I'\)

0

1,2,4,5-TeCB
1,2,3,4-TeCB
1,2,3,5-TeCB

= 1,2,4,5-tetrachlorobenzene

~
~

1,2,3,4-tetrachlorobenzene
1,2,3,5-tetrachlorobenzene

.

'.'•

apparently sunflower oil to rats and rabbits (Fomenko, 1965).
al.

Villeneuve et

(1983)

reported an L0 50 range of -1200-3000 mg/kg in rats for the
three tetrachlorobenzene isomers wHh 1,2,3,4-tetrachlorobenzene > 1,2,3,5-

tetrachlorobenzene > 1,2,4,5-tetrachlorobenzene; further details regarding
doses and effects were not provided in the abstract.
Rimington and Ziegler (1963) administered relatively large dietary doses
of 1,2,3,4-tetrachlorobenzene at a level of 660 mg/kg/day for 10 days or
1,2,4,5-tetrachlorobenzene at a level of 905 mg/kg/day for 5 days to rats.
1,2,3,4-Tetrachlorobenzene

induced

weight

loss,

non-necrotic

liver

cell

degeneration and an increase in porphyrin and hemoglobin metabolism, while
the only effect reported for 1,2,4,5-tetrachlorobenzene was non-necrotic
liver cell degeneration.
No studies were available regarding the dermal toxicity or sensitization
reactions of the three tetrachlorobenzene isomers.
10.3.2.
al.

Subchronic Toxicity.

(1983)

administered

As reported in an abstract,

dietary

concentrations

of

Villeneuve et

1,2,3,4-,

1,2,3,5- and

1,2,4,5-tetrachlorobenzene ranging from 0.5-500 ppm to both sexes of rats
for 28 or 90 days.

Administration of 1,2,4,5-tetrachlorobenzene resulted in

increased kidney and liver weights, increased mixed function oxidase activities, increased serum cholesterol values, moderate to marked histological
liver changes in both sexes, and marked histological
males.

kidney changes in

The authors concluded that 1,2,4,5-tetrachlorobenzene was the most

toxic tetrachlorobenzene isomer when administered in the diet to rats, and
that males appeared to be more susceptible than females.

The authors did

not specify the number or strain of animals used, if the effects observed
were dose-related or only seen at the higher dose(s),
effects, or the type of histological changes observed.
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the severity of

Fomenko (1965) exam1ned the subchron1c tox1c1ty of 1,2,4,5-tetrachlorobenzene 1n rats and rabbHs.

Both spec1es of an1mals were g1ven the com-

pound da1ly by gavage 1n vegetable 011 at dose levels of 0, 0.001, 0.005 or
0.05 mg/kg for 8 months.

No treatment-related effects were observed 1n

e1 ther rats or rabb1 ts at the 0.001 mg/kg dose level.

Doses of 0.005 or

0.05 mg/kg to rats 1nduced a d1srupt1on of condH1oned reflexes, 1ncreased
11ver we1ght coeff1c1ents,

and decreased blood serum SH groups, wh1le

1ncreased organ ascorb1c ac1d was seen only in those rats given 0.05 mg/kg;
the author d1d not ind1cate the stat1st1cal s1gn1f1cance of these effects.
Rabb1ts g1ven 0.005 mg/kg had a trans1ent d1sorder of 11ver glycogen formation and a stat1st1cally s1gn1f1cant (p=0.05) change in blood serum SH
groups dur1ng the last month of treatment.

At the 0.05 mg/kg dose level,

rabbits were observed to have a d1sorder of liver glycogen formation during
the s1xth month of treatment, increased serum blood SH groups 1n the fifth
month that was followed by a decrease, a statist1cally s1gn1ficant (p=0.05)
1ncrease 1n the blood hemoglob1n level during the th1rd month of treatment,
an increased level of per1pheral reticulocytes at the end of the last month
of treatment, and an increased retent1on of an 1ntravenous galactose load by
6 months of treatment.
In a 2-month oral study, rats were g1ven da1ly doses of O or 75 mg/kg
1,2,4,5-tetrachlorobenzene in vegetable 011 by gavage (Fomenko, 1965).

No

treatment-related h1stolog1c changes were observed, but several biochem1cal
parameters were affected, 1nd1cat1ng changes 1n hepat1c and hematopo1et1c
homeostas1s.

The

blood

chol1nesterase activ1ty

1ncreased

s1gn1f1cantly

(p=0.01), and the prothrombin 1ndex dropped by -1/3 of the control value (p
not

reported).

In

addHion,

the

number

of

per1pheral

ret1culocytes

decreased s1gn1f1cantly (p=0.02) but then 1ncreased, the serum potass1um
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levels were reduced (p not reported), and the number of peripheral largediameter erythrocytes was increased (p not reported).
erythemia was significantly increased (p=0.01).

The incidence of

At cessation of treatment,

statistically significant (p=0.01) observed effects included a decrease in
serum SH groups, adrenal hypertrophy and decreased adrenal ascorbic acid.
10.3.3.

Chronic Tox1cHy.

Braun et al. (1978) fed two beagle dogs of each

sex diets containing doses of 5 mg/kg/day 1,2,4,5-tetrachlorobenzene for 2
years, and then observed them for a 20-month recovery period.

The primary

goal of the study was to determine the uptake and elimination kinetks for
plasma and fat; therefore, no concurrent control animals were used.

Histor-

ical control data, however, suggested that the elevations of serum alkaline
phosphatase and

total

related to treatment.

bilirubin after

24 months of administration were

The elevated clinical chemistry values returned to

the normal range of values for the historical controls at 3 months into the
20-month

recovery

period.

Gross

and

histopathological

examinations

of

tissues performed after the recovery period did not reveal any treatment-

related morphological changes in the animals.

This study could not be used

to

level

substantiate either

a no-observed-effect

(NOEL)

or

a lowest-

observed-effect level (LOEL), because concurrent controls were not used, the
number of treated animals used was small, and only one dose level was tested.
10.3.4.

Hutagen1c1ty.

Kiraly

et

al.

(1979)

reviewed

the

chromosomal

effects of 1,2,4,5-tetrachlorobenzene in Hungarian workers and concluded
that

1,2,4,5-tetrachlorobenzene

humans.

is

mutagenic

in

occupationally-exposed

A more accurate conclusion from this data is that 1,2,4,5-tetra-

chlorobenzene

is

clastogenic

in

the

discussed in detail in Section 10.2.
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exposed

humans ..

This

paper

was

Parad1 and Lovenyak (1981) reported that 1,2,4,5-tetrachlorobenezene did
not 1nduce an increased frequency of sex-11nked recess1ve lethals 1n Drosoph1la melanogaster exposed by larval feed1ng at a dose less than the Lc
(actual

dose not reported).

50
Only an abstract of the original paper was

available and there was no information regarding the number of chromosomes
assayed at each dose nor

the doses used.

This

information 1s essential

before any conclusions can be made as to whether or not 1,2,4,5-tetrachlorobenzene can induce sex-linked recessive lethal mutat1ons 1n Drosophila.
1,2,3,5- and 1,2,4,5-tetrachlorobenzene were tested for mutagenicity by
plate incorporat1on with Salmonella typh1murium strains TA98, TAlOO, TA1535,
TA1537 and TA1538 at five unspecified dose levels (Lawlor et al., 1979).
Both 1somers gave negative results in the reverse mutation assay either in
the presence or absence of an S-9 metabolic activation system from rats
pretreated with Aroclor 1254.

Because these results were reported in an

abstract, insufficient experimental deta11 was prov1ded to permit a critical
evaluation of the data and negative results in the Salmonella assay for
h1ghly chlorinated compounds are not unexpected (Rinkus and Legator, 1980).
10.3.5.

Carcinogenicity.

Pertinent data regarding the carcinogenicity of

1,2,3,4-, 1,2,3,5- and 1,2,4,5-tetrachlorobenzene were not

located in the

available literature.
10.3.6.

Reproductive and Teratogenic Effects.

As reported in an abstract,

Ruddick et al. (1981) administered 1,2,3,4-, 1,2,3,5- and 1,2,4,5-tetrachlorobenzene via gavage (vehicle not reported) at dose levels of 0, 50, 100 or
200 mg/kg to pregnant rats (10/dose level) on days 6 through 15 of gestation.

1,2,4,5-Tetrachlorobenzene

was

the

most

toxic

isomer,

lethality in 9 of 10 treated dams at the 200 mg/kg level.

inducing

A dose-related

accumulation of compound residue was seen in dams and offspring with all
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three 1somers, but was greatest 1n those an1mals g1ven 1,2,4,5-tetrachlorobenzene.

Other

tox1c1ty effects observed 1n dams

treated w1th 1,2,4,5-

tetrachlorobenzene 1ncluded organ we1ght changes and s1gn1f1cantly elevated
serum

cholesterol,

11ver

am1nopyr1ne-N-demethylase

and

hepat1c

an1line

hydroxylase levels; it was unclear from the abstract whether these changes
were dose-re lated or occurred at a s1ngle dose leve 1.

l, 2, 3, 4-Tetrach loro-

benzene

1n

also

induced

maternal

tox1c1ty,

manifested

lowered platelet count at the 200 mg/kg level.

a

s1gnif1cantly

Fetotox1c1ty, as indicated

by increased lethal1ty of pups, was observed at the 200 mg/kg level of
1,2,3,4- and 1,2,3,5-tetrachlorobenzene.

One malformed pup and m1nor chon-

drogenic delay were seen among the offspring of dams given 1,2,3,5-tetrachlorobenzene.
Kitchin and

Ebron

(1983b)

conducted a maternal

hepat1c

tox1c1ty and

embryotoxicity study in which they administered 1,2,4,5-tetrachlorobenzene
(>98% pure) suspended in 1.5% gum tragacanth (2 mt/kg) orally to pregnant
Sprague-Dawley (CD strain) rats on days 9-13 of gestation and the dams were
sacrificed on day 14 of pregnancy.

The dosing groups were O (1.5% gum

tragacanth only), 30, 100, 300 and 1000 mg/kg/day 1,2,4,5-tetrachlorobenzene.

There

were

treatment group.

no

maternal

deaths

in any

However, there was a significantly decreased body weight

gafo in the 1000 mg/kg/day treatment group.
to

body weight

significantly

1,2,4,5-tetrachlorobenzene

ratios

affected

and
by

hepat1c
the

Maternal 11ver weights, liver

microsomal

protein

content were not

1,2,4,5-tetrachlorobenzene

administration.

Normal 11ver histology was observed in the control, 100 and 300 mg/kg/day
dose groups.

The 1000 mg/kg/day dose group was observed with 3/9 dams

showing slight hepatic centrolobular hypertrophy.
benzene

was

found

to

induce

the

cytochrome
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The 1,2,4,5-tetrachloro-

P-450 content

at

the

1000

mg/kg/day dose level, aminopyrene N-demethylase activity at the 300 and 1000
mg/kg/day dose levels, and ethoxyresoruf1n 0-deethylase activity at all dose
levels.

The uter1 from only the 0 and 1000 mg/kg/day groups were examined

for l,2,4,5-tetrachlorobenzene-1nduced embryon1c effects.
s1gnificant d1fferences

1n

resorpt1on,

embryon1c

No stat1st1cally

deaths,

abnormalities,

protein content, somi te number. crown-to-rump length, head length or yolk
sac diameter were observed.

The only effect seen after exam1n1ng the 14 day

uteri were a sl1ghtly lower number of 1mplantat1ons 1n the treated as
compared wHh the control group.

It can be concluded from th1s study that

only the dams receiv1ng 1000 mg/kg/day were adversely affected by the
1,2,4,5-tetrachlorobenzene treatment as 1nd1cated by the parameters that
were stud1ed.
K1tchin and Ebron (1983c) conducted a maternal hepat1c tox1c1ty and
embryotoxicity

study

where

they

admin1stered

1,2,3,4-tetrachlorobenzene

(>98" pure) suspended in 1.5" gum tragacanth (2 ml/kg) orally to pregnant
Sprague-Dawley (CO stra1n) rats on days 9-13 of gestat1on and the dams were
then sacrificed on day 14 of pregnancy.

The dos1ng groups were O (1.5" gum

tragacanth only), 100, 300 and 1000 mg/kg/day 1,2,3,4-tetrachlorobenzene.
Phenobarbital and 8-naphthoflavone were also g1ven to other pregnant rats by
1.p. 1njection and used as posH1ve hepat1c controls.

Maternal lethalHy

occurred only 1n the 300 mg/kg/day (l/10 dams) and 1000 mg/kg/day (7/19
dams)

treated groups.

A signif1cant decrease 1n body we1ght and 11ver

we1ght was also observed in the 1000 mg/kg/day dose group.

No effect on

maternal hepatic microsomal prote1n content was observed in any dose group.
1,2,3,4-Tetrachlorobenzene was found to sign1f1cantly induce the levels of
hepatic cytochrome C-reductase and glutathione S-transferase at the 1000
mg/kg/day

dose

level.

and

of

hepatic
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cytochrome

P-450,

am1nopyrene

N-demethylase and UDP-glucuronyltransferase at the 300 and 1000 mg/kg/day
dose levels.

No hepatic lesions were observed in the 100 mg/kg/day dose

Minimal hepatocel lular hypertrophy was seen in 2/9 dams in the 300

group.

mg/kg/day dose group, and minimal to moderate hepatocellular hypertrophy was
seen in 9/13 dams 1n the 1000 mg/kg/day dose group.

The uteri from the 0

and 300 mg/kg/day dose groups were examined for 1,2,3,4-tetrachlorobenzeneinduced embryonic effects.
embryonic

resorptions,

growth was found
treatment.
eters)

No statistically significant differences

lethality or

abnormalities were seen.

in

Embryonic

to be adversely affected by 1,2,3,4-tetrachlorobenzene

Head length and crown-to-rump length (embryonic growth param-

were

significantly reduced

by maternal

exposure.

A significant

decrease in the day 14 yolk sac diameter was also observed.

It is not known

if these adverse effects seen at day 14 of gestation are reversible after

removal from 1,2,3,4-tetrachlorobenzene exposure.
10.4.

INTERACTIONS

Tetrachlorobenzene is capable of inducing the NADPH-dependent cytochrome
P-450 metabolizing enzymes, which are nonspecific for natural and xenobiotic
substrates (Ariyoshi et al., 1974, 1975a,b).

The substrate may either be

detoxified by such metabolism or become more hazardous (toxified) if converted to a reactive intermediate capable of binding to critical intracellular macromolecules.
1t

In itself, P-450 induction is not a disadvantage, but

may become one when substrates are activated during metabolism (Neal,

1980).

Thus, exposure to tetrachlorobenzene may enhance the toxicity of a

compound

that normally would be innocuous.

however,

to demonstrate the interaction of tetrachlorobenzene with other

compounds.
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No studies were available,

10.5.
No

SUMMARY
animal

studies

on

pharmacokinetics,

acute

toxicity,

subchronic

toxicity, chronic toxicity, mutagenicity, carcinogenicity or reproductive
and teratogen1c effects of 1,2,3,4-, 1,2,3,5- or 1,2,4,5-tetrachlorobenzene
following inhalation exposure were located in the available literature.
Tetrachlorobenzenes are lipid-soluble compounds that bioaccumulate in
the fat of aquatic and terrestrial organisms.

Although the isomers were

preferentially distributed to adipose tissue, they did not cross the bloodbrain barrier of rabbits.

Some Tokyo residents were found to have 1,2,4,5-

tetrachlorobenzene (mean of 0.019 mg/kg bw) in their adipose tissue.
The metabolism of

the

tetrachlorobenzene isomers apparently follows

aromatic hydroxylation to tetrachlorophenols with an arene oxide intermediate.

Rabbits and rats treated with the tetrachlorobenzene isomers excreted

unchanged compound in expired air and feces; the urine contained tetrachlorophenols,

trichlorophenols,

dihydroxylated

tetrachlorobenzenes,

and

the

glucuronides and ethereal sulfates of those metabolites.
The tetrachlorobenzenes have been reported as metabolites of lindane in
rats, molds, hen pheasants, wheat, lettuce and endives, and of hexachlorobenzene in rats.
Chromosome aberrations were observed in the lymphocytes of Hungarian
workers producing 1,2,4,5-tetrachlorobenzene; no airborne concentrations or
exposures were determined.
The only mammalian toxicology data available for tetrachlorobenzenes are
the result of oral exposures.

The oral Lo

for l ,2,4,5-tetrachloroben50
zene was reported as 1035 mg/kg in mice and 1500 mg/kg in rats and rabbits
when administered in sunflower oil and 2650 mg/kg in mice when administered
in 1.5% starch solution.

Subchronic oral exposure of rats and rabbits to
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l,2,4,5-tetrachlorobenzene resulted in statistically significant effects on
bi ochem1 cal parameters, 1nc l ud1 ng ret 1cu locytos 1s, 1ncreased blood cho l ines terase act1v1ty, erythrem1a and an ind1cat1on that glycogen formation was
1mpeded;

at

h1gher

doses

of

1,2,4,5-tetrachlorobenzene,

rats

also

had

1ncreased k1dney and 11ver we1ghts, and renal and hepat1c h1stolog1c changes.
Reversible effects on serum alkal1ne phosphatase and total bil1rub1n
were reported 1n dogs g1ven 5 mg/kg/day 1,2,4,5-tetrachlorobenzene in the
d1et for 2 years.
1,2,4,5-Tetrachlorobenzene was not mutagen1c in the sex-linked recessive
lethal

assay

w1th

Orosoph1la

melanogaster.

However,

because

only

an

abstract of the Orosoph1la study was available, experimental details were
too sparse to permit a critical evaluation of this negat1ve result.

Both

1,2,3,5- and 1,2,4,5-tetrachlorobenzene were negat1ve 1n the reverse mutation assay with Salmonella typh1mur1um stra1ns TA98, TAlOO, TA1535, TA1537
and TA1538.

These results were reported 1n an abstract with 1nsufficient

experimental detail.

Also, a negat1ve result in the Salmonella assay wHh

chlor1nated compounds is not unexpected.
No 1nformat1on was ava1lable regard1ng the carcinogenic1ty of any of the
three tetrachlorobenzene 1somers 1n e1ther an1mals or humans.
The tetrachlorobenzene 1somers 1nduced apprec1able maternal tox1c1ty,
mild

fetotox1c1ty and

neglig1ble

teratogen1c1ty

administration.
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in rats follow1ng oral

The annual
estimated

to

11.

PENTACHLOROBENZENE

production of

pentachlorobenzene

be

1-10 million pounds

1n 1977

in
(U.S.

the United States was
EPA,

198la).

Recent

information indicates that the production and import of pentachlorobenzene
into the U.S.

is zero (U.S.

EPA, 1983).

The compound has been used as a

pesticide, a chemical intermediate (Clement Associates, 1979; Ware and West,
1977) and as a flame retardant (Kwiatkowski et al., 1976).

Pentachloroben-

zene has been detected in surface waters (Barkley et al., 1980; Oliver and
Nichol, 1982; Elder et al.,

1981 ), drinking water contaminated by a toxic

waste site (Barkley et al., 1981), aquatic sediments (Elder et al., 1981),
fish and shellfish (Oliver and Nichol, 1982; Ten Berge and Hillebrand, 1974)
and in some edibles (U.S. EPA, l980a).
11.l.
11. l. l.

PHARMACOKINETICS
Absorption.

Pentachlorobenzene has lipophilic characteristics and

is therefore likely to be capable of crossing biological membranes.

Several

studies were available on the absorption of pentachlorobenzene after oral
administration.

One study discussed absorption after dermal application;

however, no studies were available on absorption via the inhalation route.

No studies were encountered on the distribution of pentachlorobenzene after
inhalation or dermal exposure.
Parke and Williams (1960) studied the absorption and metabolic fate of
pentachlorobenzene in rabbits.
pentachlorobenzene

suspended

Three to four days after a 0.5 g/kg dose of
in

an

aqueous

solution was

administered

by

gavage,

5% was recovered in the feces and 45% was found in the gut con-

tents.

B1liary excretion was not measured;

therefore, some of the penta-

chlorobenzene found in the gut and feces may have resulted from a portion of
the dose that was absorbed being excreted unchanged in the bile.
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Rozman et

al. (1979) found that absorption in two male and two female rhesus monkeys
was very effident.

Four days follow1ng a s1ngle dose of 0.5 mg/kg penta-

chlorobenzene by gavage, at least 95% was reported as being absorbed.

Blood

and t1ssue levels of pentachlorobenzene and/or its metabol1tes were found to
be s1m1lar to those measured for hexachlorobenzene, 1nd1cating the 1nvolvement of the lymphatic system 1n the absorption process (Iatropoulos et al.,
1975).

Other studies concerning the tox1city and metabolism of pentachloro-

benzene (Under et al., 1980; Engst et al., 1976; V11leneuve and Khera,
1975) also demonstrated that absorption occurs through the gastrointest1nal
tract, but did not provide quant1tative data.
In the only available study 1nvolv1ng dermal absorption of pentachlorobenzene, Under et al. (1980) applied a s1ngle dose of 2500 mg/kg pentachlorobenzene dissolved in xylene to the shaved backs and shoulder areas of
two rats.

No cl1n1cal signs of tox1city were observed in males or females,

suggesting that percutaneous absorption of pentachlorobenzene was poor.
11.1.2.

Distribution.

Villeneuve and Khera (1975) stud1ed the distr1bu-

t1on of pentachlorobenzene in dams and fetuses after daily administration by
gavage of pentachlorobenzene prepared in corn on at levels of 40, 100 and
200 mg/kg to pregnant rats on days 6-15 of gestat1on.

On day 22, the dams

were k1 lled, fetuses removed and t 1ssues analyzed by gas-11 quid chromatography for organohalogen res1dues.
for all tissues.

Recovery of pentachlorobenzene was >80%

In the tissues of the maternal an1mals, fat had the great-

est accumulat1on of pentachlorobenzene, followed by the liver, brain, heart,
k1dneys and spleen.

In the fetuses, the levels detected 1n the bra1n were

equal to those measured 1n the whole fetus, whUe the levels 1n the 11ver
were double the whole fetus concentration.
distribution data.

Tables 11-1 and 11-2 show these

Both the maternal tissues and the whole fetuses appeared

to accumulate pentachlorobenzene 1n a dose-related manner.
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TABLE 11-1
Distribution of Pentachlorobenzene Residues in the Tissues
of Maternal Rats after Oral Administrationa

Dose Level
(mg/kg)

Residue Concentration {mg/kg in wet tis~ue}
Fat

Liver

Brain

Heart

Kidney

Spleen

50

470±.l 06

13.9±_5. l

6.9±_ 1.2

6.2±_1.0

6.0±_1. l

4.5±_1. l

100

824+116

1B.1±_2. 0

12. 0±_ l. 7

12.6+2.0

10. 6±_1. 5

8.3±_1.3

200

3350±_331

91. 1±.6. 6

62.5±.10.2

57.5+9.6

43.5±.2.6

46.2+8.l

asource: Villeneuve and Khera. 1975
bRepresents the mean of five animals ±. standard error of the mean
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TABLE 11-2
D1str1but1on of Pentachlorobenzene Res1dues 1n the T1ssues
of Fetal Rats after Oral Adm1n1strat1on to Damsa

Whole Fetusb
Dose Level
(mg/kg)

(mg/kg)

(total µg)

L1verc
(mg/kg)

Bra1nc
(mg/kg)

50

2.44_t0.38

9.65+1.3

4.37_t0.69

3.0B_t0.55

100

5.27_t0.60

21.2+2.l

10.4 _tl .31

5.3l_t0.60

55.l +6.7

40.4 _t6.02

20.5 _t2.64

200

16.9 _t2.8

asource: V1lleneuve and Khera, 1975
bRepresents the mean of two fetuses each from 15 litters ±. standard error
of the mean.
CRepresents the mean of f1ve fetuses each from a dHferent litter + standard error of the mean.
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L'nder et al.
in

the adipose

(1980) also reported that pentachlorobenzene accumulated

t\ssue.

Based on food

consumpt\on data

provided by the

authors, groups of 10 male rats were fed 6-16 or 50-134 mg/kg/day (125 or
1000 ppm) for 100 days, and similar groups of females were fed 6-16. 16-31,
27-63 or 55-134 mg/kg/day ( 125, 250, 500 or l 000 ppm) for 180 days.
results

indicated

that

pentachlorobenzene

accumulated

in

adipose

The

tissue

-1.5-2.2 t\mes the dietary concentration, and the accumulation was dosedependent.

Residues

in males and females were similar. but could not be

compared directly because of the longer exposure period of the females and
the complicating factors of pregnancy and lactation.
mothers were fed

~250

Suckling pups whose

ppm pentachlorobenzene developed tremors, and at 1000

ppm, most died before weaning.

Though no clinical signs of tremors were

observed in the parents, the authors stated that this result was presumptive
evidence for excretion of a toxic agent via the milk.
benzene accumulates

in

the

fetus

Because pentachloro-

( vn leneuve and Khera.

1975).

prenatal

exposure of the pups may also have contributed to the observed effects.
Rozman et al. (1979) studied the distribution of pentachlorobenzene and
its metabolites in four rhesus monkeys.
dose of
after

40

14

Tissues of monkeys given a single

C-labeled pentachlorobenzene (0.5 mg/kg) by gavage were analyzed

days.

Quantitative determination of

metabolites was performed by gas chromatography.

pentachlorobenzene and

its

The highest concentrations

were found in the fat and bone marrow. followed by the thymus, lymph nodes
and adrenal cortex.

Table 11-3 summarizes the distribution data for the 20

tissues examined.
Parke and Williams (1960) studied the distribution of pentachlorobenzene
in rabbits and found that the compound was readily isolated from the feces
and gut contents 3-4 days following administration by gavage of 0.5 g/kg.
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TABLE 11-3
Distribution of Pentachlorobenzene and/or Metabolites on the
40th Day in the Rhesus Monkey Following a Single Oral Dose
of 0.5 mg/kg Body Weighta

Organ

Hale
(mg/kg)

Female
(mg/kg)

Fatb
Bone marrow
Lymph nodesb
Thymus
Adrenal cortex
Adrenal medulla
Skin
Kidneys
Liver
Lungs
Spleen
Heart
Bile
Stomach
Duodenum
Cecum
Large intestine
Small intestine
Brain
Cerebellum

1.86
1.10
0.35
0.50
0.31
0 .18
0.26
0.09
0. 19
0.06
0.04
0.07
0.09
0.06
0.11
0.24
0.31
0 .17
0.05
0.05

2.68
2.35
0.79
0.61
0.56
0.07
0.26
0 .10
0. 17
0.06
0.04
0. 12
0.09
0.06
0.06
0 .18
0.33
0.07
0.06
0.06

asource: Rozman et al .• 1979
bAverage value from five different parts of the body
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Subcutaneous injections of 0.5 g/kg (10% w/v solutions in arachis oil)
resulted in concentrations of 47% in the pelt (mostly at the site of injection), 22% in the fat, a total of 2% in the gut and feces, and 10% in the
rest of the body.

Table 11-4 summarizes the distribution data for penta-

chlorobenzene for this study.
11.1.3.

Metabolism.

The metabolism of pentachlorobenzene has been studied

in male Wistar rats by Engst et al.

(1976) following administration by

gavage of 8 mg/kg pentachlorobenzene dissolved in 1 mt of fUtered sunflower oi 1.

The major metabolites detected in the urine were identified as

2,3,4,5-tetrachlorophenol

and

pentachlorophenol.

Pentachlorobenzene,

2,3,4,6-tetrachlorophenol and/or 2,3,5,6-tetrachlorophenol were present in
the free form.

Trichlorophenol

(isomer not specified),

2,4,6-trichloro-

phenol and 1,2,3,4-tetrachlorobenzene were present in small concentrations.
Quantities of the metabolites obtained were not reported for this study.
Koss

and

chlorophenol,

Koransky

(1977)

reported

pentachlorophenol,

2,3,4,5-tetra-

tetrachlorohydroquionone and a hydroxylated chlorothio com-

pound as metabolites of pentachlorobenzene in the urine and feces of three
female rats collected for 4 days after administering a single intraperitoneal

dose of 403 µM/kg

(sic).

Pentachlorophenol

and other hydrophilic

metabolites accounted for 9% of the eliminated dose.
Rozman et al. (1979) measured and identified the metabolites of pentachlorobenzene in the rhesus monkey.

Table 11-5 summarizes the metabolic

breakdown during 40 days following a single oral dose by gavage of 0.5 mg/kg
14

C-labeled pentachlorobenzene.

The major metabolites identified in the

urine were pentachlorophenol, 2,3,4,5-tetrachlorophenol and 2,3,5,6-tetrachlorophenol.

No significant differences were observed in the metabolism

patterns of male and female monkeys.
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1ABLE 11-4

D\str\but\on of Pentachlorobenzene \n Ch\nch\lla Doe Rabb1ts
Expressed as a Percentage of Adm\n\stered Dosea

T\me
After
Dos\ng
(days)

Ur1ne
Tr1- or Pentachlorophenol

0.5 oral

3

0.2

5.0

45.0

1.0

15.0

6.0

0

9.0

82

0.5 oral

4

0.2

5.0

31.0

5.0

9.0

5.5

0

21.0

78

0.5 s.c.

10

0.7

l. 5

0.5

47.ob

22.ob

10.0

0

<2.0

85

Dose/Route
(g/kg)

Ex~\red

Other
Phenols

Feces

Gut
Contents

Pelt

Depot
Fat

Rest of
Body

Unchanged

A\r

Other Chlorohydrocarbons

Total
Accounted
%

.....
__,
I

cc

asource: Parke and W\11\ams, 1960
blocated ma\nly at s\te of \nject\on
s.c. = subcutaneous

TABLE ll-5
Percentage of Pentachlorobenzene and Its Metabol\tes ldent\f\ed \n Ur1ne, Feces and
Var1ous Organs of Rhesus Monkeys Dosed 0.5 mg/kg Body We1ght Pentachlorobenzene*

......
......
I

<.O

Pentachlorobenzene

1,2,3,4-Tetrachlorobenzene

L1ver

99.0%

l. 0%

ND

ND

ND

B'1e

nonpolar compound(s)

nonpolar compound(s)

ND

ND

ND

Feces

99.0%

l.0%

ND

ND

ND

Blood

45~8"

NO

54.2%

ND

ND

K1dney

51 . 3%

NO

(

Ur\ne

NO

NO

58.

*Source: Rozman et al.• 1979
NO "' Not detected

Pentachlorophenol

- - -

l"

2,3,4,5-Tetrachlorophenol

2,3,5,6-Tetrachlorophenol

48.7% polar compound(s)
32.2"

9.7%

Similar results were obtained by Kohli et al.
Following intraperHoneal

(1976) in male rabbHs.

injection of 300 mg pentachlorobenzene dissolved

in 10-15 ml vegetable oil, urinary metabolHes were identified as 2,3,4,5tetrachlorophenol and pentachlorophenol.

Both were detected at yields of 1%

of the administered dose during the 10 days following administration of the
dose.

Parke and Williams (1959) reported that <0.2% of the dose recovered

in rabbit urine was pentachlorophenol.
The metabolic pathway of pentachlorobenzene was thought to involve oxidation and formation of an arene oxide intermediate by hepatic metabolic
enzymes (Kohli et al., 1976).

Subchronic feeding of 0.05% pentachloroben-

zene in the diets of female adult Wistar rats for 60 days induced hepatic
cytochrome P-450 content and enhanced the 0-dealkylation of 7-ethoxycoumarin
(Goerz et al., 1978), suggesting the involvement of the hepatic cytochrome
P-450 system in metabolism.

However,

Rozman et al.

(1979)

reported that

more phenolic intermediates were present in the blood, kidney and urine of
monkeys than in the liver, bile and feces 40 days after a single dose of
pentachlorobenzene.

The evidence suggested that a metabolizing system other

than hepatic cytochrome P-450 was involved in the hydroxylation of chlorinated benzenes.
ways

The authors proposed that two different hydroxylation path-

could be involved,

one involving

the oxidation of

the pentachloro-

benzene to pentachlorophenol, and the other involving nucleophilic displacement reactions of pentachlorobenzene to produce tetrachlorophenols.
Koss and Koransky
toxicity

of

chlorophenol.

(1977)

suggested that a major consideration in the

pentachlorobenzene

is

its metabolic

transformation

to penta-

As previously stated, pentachlorophenol has been identified

as a metabolite in the urine and excreta (Engst, 1976; Rozman et al., 1979;
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Kohli

et

al.,

1976;

Parke

and

Williams,

1960).

Rozman

et

al.

(1979)

estimated that the elimination half-life of pentachlorobenzene in the rhesus
monkey was

2-3 months,

and after

40 days

pentachlorophenol accounted for

58.1% of the metabolites identified in the urine.
11.1.4.

Excret1on.

The

excretion

of

pentachlorobenzene

and

its

metabo-

lites was described in rhesus monkeys following administration by gavage of
a single oral dose of 0.5 mg/kg (Rozman et al., 1979).

Approximately 12% of

the administered dose was excreted in the urine after 40 days
11-5).

(see Table

Over the same period, -24% of the dose was excreted via the feces,

of which 99% was unmetabolized.

Table 11-6 displays the cumulative urinary

and f eca 1 excretion of pentachlorobenzene and its metabo 1 it es.

This study

indicated that the metabolites of pentachlorobenzene were excreted primarily
via the urine, while the unabsorbed or unmetabol1zed compound was excreted
via

the

feces.

These

results

a 1so indicated that pentachlorobenzene was

eliminated very slowly, with an estimated excretion half-life in primates of

2-3 months.
Koss

and

Koransky

(1977)

identified

3% of

the

administered

dose

of

pentach l orobenzene in its unchanged form, pentachlorophenol, 2, 3,4, 5-tetrachlorophenol and a hydroxylated chlorothio compound in the feces of rats 4
days after
benzene.

intraperHoneal administration of 403 µM/kg
Parke and Williams

(sic)

(1960) also isolated 5% of

pentachloro-

the administered

dose of pentachlorobenzene after 4 days from the feces of rabbits given 0.5
g/kg pentachlorobenzene orally.
Under et al.
to

the

pups

developed tremors and most died before weaning in the 1000 ppm group.

This

~rnrk

female

Sherman

(1980) fed pentachlorobenzene 1n the diet (250-1000 ppm)
rats

with

suckling

pups

and

observed

that

prov,dG5 prosumptlve evidence for excretion of pentachlorobenzene via

the milk.
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TABLE 11-6

Cumulat1ve Ur1nary and Fecal Excret1on of Pentachlorobenzene and
Metabol1tes Dur1ng 40 Days Follow1ng a S1ngle Oral Dose of
0.5 mg/kg 1n Male and Female Rhesus Honkeysa,b

Days After Exposure
%

Total
Rocovered

4

10

20

30

40

1.9
6.3

4.8
11. 5

8.6
19.3

11. 3
23.6

13. 2
27.0

40.2

2.4
4.4

4.3
8.3

7.8
16.4

10.0
19.8

11.4
21.8

33.2

Males
urine
feces
Females
urine
feces

asource: Rozman et al., 1979
bExpressed 1n percent of the total adm1n1stered dose
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11.1.5.

Summary.

Although studies of the absorption of pentachlorobenzene

indicated that absorption does occur through the gastrointestinal tract, the
extent of absorption has not been determined.

A study in rabbits indicated

that up to 50% of a dose was absorbed within 3-4 days.
to monkeys i ndi ca ted 95% absorption w1thi n 4 days.

Oral administration
Absorption resulting

from inhalation has not been studied, and absorption from dermal exposure
was found to be rather poor in rats.

Once absorbed, pentachlorobenzene is

widely distributed to many tissues, with the highest levels appearing in fat
and

bone marrow.

A study

in

rats

demonstrated

that

transport across

placental membranes occurred readily and that accumulation of pentachlorobenzene in the fetus is highest in the liver.

No studies were encountered

that described the distribution of pentachlorobenzene after inhalation or
dermal exposure.
The metabolism of pentachlorobenzene is not fully understood, but some
studies suggested that metabolic activity other than the hepatic cytochrome
P-450, xenobiotic metabolizing system may be involved.

Metabolism appeared

to be primar'1y via oxidation to two major metabolites, pentachlorophenol
and 2,3,4,5-tetrachlorophenol, which were excreted in the urine.

Metabolism

and excretion occurred at a slow rate; an estimated elimination half-11fe
for a single dose in primates was 2-3 months.
11.2.

EFFECTS ON HUMANS

No epidemiologic studies or case studies of effects in humans resulting
from exposure to pentachlorobenzene were available for review.
11.3.
11.3.1.

MAMMALIAN TOXICOLOGY
Acute Toxicity.

Linder et al. (1980) investigated the acute and

subchronic toxicity of solutions containing 99.1% pure pentachlorobenzene in
adult and weanling Sherman strain rats and adult Swiss-Webster mice.

Wean-

1ing rats (27-35 days of age; 10 animals/dosage level) and adult animals
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(90-120 days of age; 10 animals/dosage level) were administered by gavage a
single dose of 5.0-15.0 m!l./kg pentachlorobenzene dissolved in peanut oil.
The

oral

L0

values ranged from 1080-1125 mg/kg for
50
1175-1370 mg/kg for adult mice; for weanling rats the L0

adult
50

rats,

and

was reported as

940 mg/kg {Table 11-7).
The characteristic toxic signs observed included a decrease in activity,
hypersensitivity to touch, and tremors.
hours

after

dosing

and -48

hours

The tremors started in mice -24

after

dosing

in

rats.

Death

usually

occurred in rats 5-12 days after dosing; in mice the survival time was less,
with death usually occurring 2-4 days after the lethal dose was administered.

The authors reported many cases of rats with reddish stains around

the eyes, nose and mouth; no explanation of this phenomenon was given.
Ariyoshi et al.

(1975) investigated the effects of various chlorinated

benzenes, including pentachlorobenzene, on the microsomal drug metabolizing
enzymes,

o-aminolevulinic acid

chrome P-450 content.

synthetase,

microsomal

proteins

and

cyto-

Groups of 2-6 female Wistar rats were orally adminis-

tered 250 mg/kg pentachlorobenzene suspended in a 2% tragacanth gum solution, once a day for 3 days.
cytochrome P-450 and
aminopyrine

The compound increased the 1 i ver content of

increased

demethylase.

the activities of aniline hydroxylase and

Significant

increases

were

microsoma 1 protein and o-ami nolevul ini c acid synthetase.
decreased markedly,

and

triglyceride content

also

observed

for

Glycogen content

increased in pentach loroben-

zene-treated rats.
In the only available study involving acute dermal
chlorobenzene,

Linder et al.

pentachlorobenzene dissolved
areas of two rats.

toxicity of penta-

(1980) applied a single dose of 2500 mg/kg
in

xylene

to

the

shaved backs and shoulder

No clinical signs of toxicity were observed in either

male or female adult rats.
11-14

TABLE 11-7
Acute Oral Toxlclty of Pentachlorobenzene*

Sped es/
Sex

Age

LD50
(mg/kg)

95% Confidence
Llmits
(mg/kg)

Dosage
Range
Tested
(mg/kg)

Dose
Volume
(ml/kg)

Rat/M

adult

1125

1015-1247

750-1350

7.5

Rat/F

adult

1080

952-1226

750-1500

7.5

Rat/F

weanllng

940

864-1023

600-1200

5.0

Mouse/M

adult

1175

1035-1334

750-1500

15.0

Mouse/F

adult

1370

1263-1487

1050-1500

15.0

*Source: Linder et a 1 .• 1980
Weanling animals were 27-35 days old. Adult animals were 90-120 days old.
Ten animals per each dosage group were glven pentachlorobenzene dissolved in
peanut oil.
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11.3.2.

Subchronic

Toxicity.

No

studies

of

toxicity

resulting

from

subchroni c i nha la ti on exposure to pentach l orobenzene were located in the
available literature.

A summary of subchronic. reproductive and teratogenic

toxicity studies on pentachlorobenzene can be found in Table 11-8.
Under et al. (1980) studied the subchronic toxicity of pentachlorobenzene in rats as part of an investigation of the compound's toxic effects on
reproduction.

Groups of 10 female weanling rats were fed diets containing

0, 125, 250, 500 and 1000 ppm of pentachlorobenzene for -180 days; while
groups of 10 male rats received 0, 125 and 1000 ppm for 100 days.

Based on

food consumption data provided by the authors, it was estimated that the
female groups consumed an average of 11. 23, 46 and 99 mg/kg/day, respectively (actual reported ranges of 7-16, 16-31, 27-63 and 55-134 mg/kg/day).
The male groups consumed -11 and 97 mg/kg/day, respectively (reported ranges
of 7-16 and 50-134 mg/kg/day).

None of the animals died or exhibited clini-

cal signs of toxicity throughout the study.

Food consumption and body

weight gain for the dosed groups were similar to the control groups.

In

hematologic parameters, erythrocyte count and hematocrit were slightly lower
than the control group (p<0.05) for the 1000 ppm males. and hemoglobin was
reduced and leukocyte count increased in both 1000 ppm groups (p<0.05).
Examination of the liver and viscera under ultraviolet light did not
reveal the presence of porphyrins in males or females.
female

rats

were

analyzed

quantitatively

for

Only tissues of the

porphyrins.

Total

liver

porphyrins were slightly higher in female rats fed 1000 ppm compared with
the control group (0. 79 µg/g compared with 0.64 µg/g).

but the differ-

ence was not judged to be a porphyrogeni c response and was of doubtful
consequence.
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TABLE 11-6
Sunmary of Subchronlc, Reproductlve and Teratogenlc Toxlc1ty Studles on Pentachlorobenzene

Specles

Dose

Duratlon

Effects

Reference

Rat (female)

oral
(d1et)

125, 250, 500
or 1000 mg/kg
1n dlet

160 days

Changes ln hematologlc parameters 1n hlghdose group; lncrease ln llver welghts,
hepatlc hypertrophy and vacuol1zatlon ln
500 and 1000 mg/kg groups; lncreased kldney we1ght ln hlgh-dose group

Llnder et al., 1960

Rat (male)

oral
(d1et)

125 or 1000
mg/kg ln d1et

100 days

H1gh-dose group lnduced changes ln hematolog1c parameters; hepat1c and renal
h1stology and 1ncrease 1n 11ver, k1dney
and adrenal we1ghts

L1nder et al., 1960

Rat
(offsprlng)

oral
(d1et)

125, 250, 500
or 1000 mg/kg
1n mothers d1et

gestat1on and
dur1ng suckllng

Offsprlng treated w1th ~250 mg/kg/d1et were
adversely affected (reduced surv1val, body
we1ghts and 1ncreased 11ver we1ghts, hepatocellular enlargement)

L1nder et al., 1980

Mlce

oral

50 or 100
mg/kg/gavage

days 6-15 of
gestat1on

Increase 1n 11ver we1ghts of dams; no
adverse effects on total development or
survlval

Courtney et al., 1979

Rat

oral

50, 100 or 200
mg/kg/gavage

days 6-15 of
gestat1on

No observed toxlclty ln adult rats; 1ncreased total deaths at all doses, but not
1n dose-related manner; extra r1bs ln exposed fetuses and sternal defects ln 200
mg/kg group

Khera and Vllleneuve,
1975

_,
_,
I
_,
-.I

Route

Tissues

of

21-day-old

weanlings

appeared

normal

although

relative

weights (organ/body weight ratio) of the 11vers were 1ncreased in pups of
mothers fed ?:,250 ppm for 180 days.

The obvious change was hepatocellular

enlargement in all pups from the groups fed 500 and 1000 ppm.
At necropsy of the adult rats, no pathological changes were observed in
tissues of males fed pentachlorobenzene for 100 days or females fed pentachlorobenzene for 180 days.

Weights of 11vers relat1ve to body weight

increased 35-45% in the animals fed 500 or 1000 ppm.

Relative we1ghts of

the kidneys of both sexes and the adrenals of males increased in the 1000
ppm groups.

Microscopically, hepatic cell enlargement (hypertrophy) and

vacuolization were observed in the female rats of the 500 and 1000 ppm
groups.

Similar changes were apparent 1n the males fed 1000 ppm.

In high-

dose groups, the kidneys of males showed hyaline droplet formation, atrophic
tubules and lymphocytic infiltration.

Results of this study indicated that

the toxicity of orally administered pentachlorobenzene was d1rected toward
the liver and kidneys.
The ability of pentachlorobenzene to induce porphyria in Wistar rats has
been investigated by Goerz et al. (1978).

Adult female rats were fed a diet

containing 0.05% (-25.0 mg/kg/day or 500 ppm) pentachlorobenzene for 60
days.

This

treatment

increased

the

hepatic

(l.06+0.30 and 1.20.±.0.30 nMol/mg microsomal
exposures,

respectively,

for

the

controls

cytochrome
protein

for

compared with

P-450

content

10 and 60-day
2.25+1.10 and

2.06.±.0.65 nMol/mg microsomal protein, for 10 and 60-day exposures for the
pentachlorobenzene-treated rats),

but did not increase the excretion of

porphyrins in the urine.
11 .3.3.

Chronic Tox1c1ty.

No studies of toxicity resulting from chronic

exposure of pentachlorobenzene were located in the ava1lable literature.
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11.3.4.

Mutagen1cHy.

The only 1nformat1on available on the mutagenicHy

of pentachlorobenzene was a study presented in abstract form on a plate
incorporaUon assay for reverse mutaUon in. histidine-dependent straH1s of
Salmonella typhimurium (Lawlor et al., 1979).

Five strains of Salmonella

typhimurium (TA98, TAlOO, TA1535, TA1537 and TA1538) were tested at flve
unspecified concentrations of pentachlorobenzene in the presence and absence
of rat 11ver microsomes induced by Aroclor 1254.

No detectable levels of

mutagenic activity were found in the Salmonella tester strains (Lawlor et
al., 1979).

Because these results were reported in an abstract, experi-

mental details were too sparse to permit a critical evaluation of this negative result.

Also,

this result 1s not unexpected because the Salmonella

test system is generally insensitive to highly chlorinated compounds (Rinkus
and Legator, 1980).
11.3.5.

Carcinogenicity.

The Ambient Water Quality Criteria Document for

Chlorinated Benzenes (U.S.

EPA, 1980b) cited a study by Preussman (1975)

that was reported as alluding to the carcinogenicity of pentachlorobenzene.
The German

text

is

now being translated and reviewed by the Carcinogen

Assessment Group of the U.S. EPA.
11.3.6.

Reproduct1\le and Teratogenic Toxicity.

The reproductive toxicity

of pentachlorobenzene was demonstrated in three studies.
Linder et al.

Of these studies,

(1980) and Khera and Villeneuve (1975) provided sufficient

data to estimate a NOEL and a LOAEL, respectively.
Linder et al. (1980) tested 99.1% pure pentachlorobenzene for its toxic
effects

on

reproduction

in

detected by GC-EC analysis
(control),

125,

250,

rats.
of

No

other

the sample.

chlorinated

compounds

were

Dietary concentrations of O

500 and 1000 ppm (7.4-16,

16-31, 27-63 and 55-134

mg/kg/day) were fed by gavage to groups of ten 4- to 5-week-old weannng
female Sherman strain rats, while similar groups of males received diets
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containing 0 (control), 125 or 1000 ppm (6-16 or 50-134 mg/kg/day).

Both

males and females were fed treated diets for 67 days before mating with
untreated males or females.

Pregnant females continued to receive treated

diets unt11 their litters were weaned, for a total exposure of 180 days;
males were dosed for a total of 100 days before being sacrificed.
Litters sired by treated males showed no treatment-related effects.
Although clinical signs were not observed in the parents,
treated females

ppm) were adversely affected.

(~250

litters from

Pup survival and body

weight at weaning were reduced in the two highest dose groups, and the offspring of the 250, 500 and 1000 ppm groups showed statistically significant
(p<0.05)

increases

in

liver-to-body weight

ratios.

Survival

decreased

dramatically from 88.6 to 28.0% during days 4-21 for pups whose mothers were
fed concentrations of 500 and 1000 ppm, respectively.

Table 11-9 summarizes

the reproductive effects in litters of treated females.
Histologic examination of the livers of weanling rats revealed hepatocellular enlargement in all pups examined from the 500 and 1000 ppm groups,
and in 2 of 9 male pups from the 250 ppm group.

The hepatotoxic effects

were not seen in the offspring of the dams exposed to dietary concentrations
of 125 ppm.

These data indicated that pentachlorobenzene was transferred to

the offspring during gestation and/or lactation and had a toxic effect on
the pups in the 250, 500 and 1000 ppm groups.

Therefore, this study sug-

gested a NOEL of 125 ppm in the diet for no toxic effects on the reproduction of rats.
In

a

study

by

Khera

and

Villeneuve

(1975),

pregnant

Wistar

rats

(17-19/group) were administered pentachlorobenzene by gavage on days 6-15 of
gestation.

The doses in mg/kg with percentage concentrations in corn oil

(in parentheses) were 50 (0.5), 100 (1.0) or 200 (2.0).
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Uterine and viscera

TABLE 11-9
Reproductive Effects in Litters of Female Rats Fed Diets Containing Pentachlorobenzenea

Pentachlorobenzene in Diet (ppm)
Parameter
125

0

.....
.....
I
N

.....

250

500

1000

Dosage range (mg/kg/day)
Utters born
Pups per litter (mean)
Litters weaned

NA
8
10.4
8

6-16
6
12.0
6

16-31
9
11.9
9

27-63
9
13.2
9

50-134
8
10.8
4

Pup survival (")
Days 0-4
Days 4-21

100
100

98.6
91. 7

98. l
95.4

98.3
88.6

94.2
28.0

Pup body weight at
weaningb

Male
Female

45 (5)
45 (8)

44 ( 3)
41 ( 3)

41 ( 4)
40 ( 3)

40 ( 4)
38 ( 4)

31 ( 4)
37 ( 4)

Liver/body weight
ratioc (g/100 g)

Male
Female

3.9 (0.1)
4.0 (0.1)

3.9 (0.1)
3.9 (0.1)

4.3 (0.l)d
4.2 (0.1)

5.1 (O.l)d
5.3 (0.l)d

6.5 ( 0. l )d
6.5 (0.2)d

asource: Linder et al., 1980
bvalues are litter means in grams (! standard deviation)
cvalues are group means (! standard error of the mean)
ds;gnificantly different from control; p=0.05 (statistical analysis performed on liver weights only)
NA = Not applicable

contents were removed fol lowing sacr1fke of the dams on day 22 of gestation.

No overt signs of toxicity were observed in the adult rats; however.

the treatment increased fetal death rate at all of the doses tested. but not

1n a dose-related manner (Table 11-10).
effect of

Th1s study demonstrated a lethal

l!l utero exposure to pentachlorobenzene at doses to the dams as

low as 50 mg/kg/day. therefore identify1ng a LOAEL for th1s study.
Khera and V1lleneuve

(1975) also reported

that sternal defects were

observed 1n the fetuses of Wistar rat mothers treated wHh 200 mg/kg/day.
In addition.

all

three

doses

1ncreased

b1lateral extra r1bs (Table 11-11).

the

1ncidence of

both

un1- and

The latter effect (1ncrease 1n extra

r1bs). although not a gross malformation. occurred at an inc1dence 5-9 times
greater than the controls. indicating a potent1al for pentachlorobenzene to
alter

fetal

skeletal

development.

In

add1t1on.

quant1tat1ve

chemical

analysis of fetuses for pentachlorobenzene res1dues showed a dose-related
accumulation of the unchanged compound in the whole fetus. bra1n and liver
(Table 11-12)

(V1lleneuve and Khera. 1975).

These results suggested that

the parent compound may have been responsible for the observed teratogen1c
and

reproductive effects.

but d1d not preclude metabolHes as potential

causes of the observed effects.
In a study of possible reproduct1ve and teratogen1c effects. Courtney et
al.

(1977) reported that no reproductive tox1c1ty occurred in lHters of

pregnant CD-1 mice treated by gavage wHh 50 or 100 mg/kg of >97% pure
pentachlorobenzene in 0.1

ml corn 011 on days 6-15 of gestat1on.

There

were no teratogenic effects observed in the 10 or 9 11tters whose mothers
had been treated with 50 or 100 mg/kg. respectively. when compared with the
6 control 11tters.

There was. however. a s1gnHicant 1ncrease (p=0.01) 1n

the 11ver weight and the liver-to-body weight ratio of the treated mice
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TABLE 11-10
Toxlc Effects of Pentachlorobenzene on Reproduction
·1n Rats Dosed on Each of Gestat,on Days 6-15a

Pentachlorobenzene Dose (mg/kg/day)
Parameter

0

Number of rats pregnant at term

19

Live fetuses per litter

50

100

200

18

19

l7

12. l

12. 5

11. 5

10.7

Fetal death {%)b

l. 3

4.2

3. l

3.2

Fetal mean body weight {g)

4.8

4.9

4.8

4.4

asource: Khera and Villeneuve. 1975
bpercent fetal death

=

{no. dead plus deciduomas) x 100/total no. of implants
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TABLE 11-11
Skeletal and Soft-Tissue Abnormalities Observed in Rat Litters of
Darns Treated with Pentachlorobenzene on Each of Gestation Days 6-15*

Pentachlorobenzene Dose (mg/kg/day)
0

50

100

200

127
2
2
NA
5
5
NA

129
18
10
NA
2
4
NA

122
10
11
NA
NA
NA
NA

100

67
l

69
2

67
NA

52
2

NA
NA

l
NA

NA
NA

NA
NA

NA

NA

NA

2

Parameter
Skeletal Defects
No. of fetuses examined
Extra rlbs: unilateral
bilateral
Fused rlbs
Wavy rlbs
Sternal defects
Exencephaly

17

46
2

NA
31

NA

Soft-Tissue Anomalies
No. of fetuses examined for
visceral defects
Runts
Cleft palate
Cardiac defects
Other Defects
*Source: Khera and Villeneuve. 1975
NA = No abnormality observed
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TABLE 11-12

Fetal Wistar Rat Residues of Pentachlorobenzenea,b

Maternal
Intubated
Dose Level
(mg/kg)

Whole Fetus

(Total µg)

(ppm)

50

2.44 ±. 0.38

100

5.27 + 0.60

200

16.9

+

c

2.8

Liverd
(ppm)

Bra ind
(ppm)

+

1.3

4.37 + 0.69

3.08 + 0.55

21.2

+

2. l

10.4 ±. l. 31

5.31 .+ 0. 60

55. l

+

6.7

40.4

9.65

+ 6.02

20.5

±. 2.64

asource: Adapted from Villeneuve and Khera, 1975
bpregnant

rats

were

exposed

to

pentachlorobenzene

dur1ng

days

6-15

gestation and the fetuses were removed and analyzed on day 22.
CRepresents the mean of two fetuses from 15 litters ±. s.e.m.
dRepresents the mean of five fetuses each from a different litter ±. s.e.m.
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of

compared with the control mice.
fetal

development

Pentachlorobenzene had no adverse effect on

or surv1val.

One fetus

in

the 50 mg/kg dose group

displayed a cleft palate, but the occurrence was w1th1n the normal inc1dence
for th1s strain of mice.
11.4.

INTERACTIONS

Ariyoshi et al. (1975) and Goerz et al. (1978) demonstrated the ab11Hy
of pentachlorobenzene to increase the activity of NAOPH-cytochrome P-450
dependent

enzyme

systems

in

rats.

Induction

of

the

cytochrome

P-450

monoxygenase-catalyzed metabolism could result 1n an 1ncrease or decrease in
the toxicity of the compound.
could result
chemicals.
11.5.

Therefore, exposure to pentachlorobenzene

in the biotransformation and

tox1city of drugs and other

However, no studies were available to support th1s.

SUMMARY

Pentachlorobenzene is absorbed from the gastrointestinal tract; studies
1ndicated that 50-95% of an administered dose is absorbed within 4 days.
One dermal study that indicated absorption through the sk1n suggested that
pentachlorobenzene was poorly dermally absorbed.

No studies were available

that measured absorption through the lungs.
Distribution is to many tissues, primarily the fat and bone marrow.
Transfer across placental membranes and excret1on into the milk probably
occur.
Metabolism is believed to be by oxidation to phenolic compounds, especially pentachlorophenol, that are excreted in the urine.

Excretion appears

to occur slowly; an estimated half-life 1n primates was 2-3 months.
No data were available on the effects of exposure to pentachlorobenzene
in humans, and no chronic or carcinogenicity studies were available for
review.
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Oral Lo 50 values were determined for adult rats (1080-1125 mg/kg) and
mice (1175-1370 mg/kg), and for wean1'ng rats (940 mg/kg). No c1'nkal
signs of toxkHy were observed in adult rats followfog dermal application
of 2500 mg/kg pentachlorobenzene.

Also,

it was demonstrated that penta-

chlorobenzene caused an increase in the liver content of cytochrome P-450,
microsomal drug metabolizing enzymes and microsomal proteins.
A subchronic feeding study indicated that the primary toxic effects are
on

the

liver and kidneys,

although slight changes

in some hematologic

parameters (e.g., decreased erythrocyte count, hemoglobin and hematocrit;
increased leukocyte count) occurred in the high-dose groups.

Histologic

examination identified pathologic changes in the livers of the female rats
fed 500 and 1000 ppm for 180 days and in the 1000 ppm male rats treated for
100 days.

These data were sufficient to identify a subchronic LOAEL of 500

ppm (-27-63 mg/kg/day) and a NOEL of 250 ppm (-16-31 mg/kg/day).
No mutagenic activity was detected in five strains of Salmonella !YQ.himurium when tested at f1ve unspecified concentrations of pentachlorobenzene

in the presence and absence of rat liver microsomes induced by Aroclor 1254.
These results were reported 1n an abstract with few experimental details.
Also, a negative result for pentachlorobenzene is not unexpected, because
the Salmonella assay is generally insensitive to chlorinated compounds.
Studies also have shown that pentachlorobenzene is capable of causing
reproductive and developmental effects.

Female rats fed diets containing

pentachlorobenzene during mating and gestation produced litters with reduced
pup survival and body weights at weaning, and increased liver-to-body weight
ratios.

No adverse effects were observed in the offspring of the dams

exposed to 125 ppm (6-16 mg/kg/day).
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Single oral doses of pentachlorobenzene g1ven da1ly to pregnant rats
during gestation increased the 1nc1dence of fetal death at all doses tested,
identifying a LOAEL of 50 mg/kg/day.

Sternal defects and an 1ncrease 1n the

incidence of extra ribs also were observed at doses of 200 mg/kg/day and 50,
100 and 200 mg/kg/day, respect1vely.
In a study of possible reproduct1ve and teratogen1c effects, doses of 50
and 100 mg/kg/day of pentachlorobenzene adm1nlstered by gavage to pregnant
m1ce had no adverse effect on fetal development or survlval.
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12.
Hexachlorobenzene

is

HEXACHLOROBENZENE

not manufactured as

a commercial

product in the

United States. but an estimated 2-5 mil 11on pounds were produced each year
during the synthesis of several chlorinated chemicals

(Mumma and Lawless,

1975).

contaminant

Hexachlorobenzene

herbicides/fungicides

has

been

found

as

Pentachloronitrophenol,

a

trace

Oacthal

and

in

Oaconil.

the

Hexa-

chlorobenzene is also an ingredient in a fungicide of which -200,000 pounds
are imported each year (!ARC, 1979).

Hexachlorobenzene is resistant to bio-

degradation, accumulates in the biological environment and has been detected
in ambient air.
(see

Section

drinking and surface water,

4.3.).

Hexachlorobenzene

sediments,

residues

samples of human blood, fat and breast milk.

also

cropland and food
have been found

in

The greatest degree of human

exposure is most likely to occur in the workplace and near manufacturing and
disposal

sites,

although

the general

population

is

likely

to be exposed

through inhalation of polluted air and the ingestion of contaminated food

and water.

12.1.

PHARHACOKINETICS

12. l. l.

Absorption.

Absorption of hexachlorobenzene from the gut has been

studied in detail; however, no information has been found in the available
literature

on

hexachlorobenzene

absorption

through

the

lungs

or

skin.

Absorption of hexachlorobenzene from the intestinal tract appears to depend
on the solvent vehicle used during test material administration.
hexachlorobenzene
absorbed;
cellulose,
absorbed.

when
or

is

it
in

is
a

Intestinal

administered
administered
sol1d

olive

oil,

in an aqueous

crystalline

absorption

through lymphatic channels

in

of

form,

of

solution,

the

dose

is

in 1% methyl

relatively

little

(<20%)

hexachlorobenzene

occurs

primarily

(Iatropoulos et al..

portion being absorbed into the portal circulation.
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-80%

Thus, when

is

1975), with only a minor

Ingebrigtsen et al.

(1981)

investigated

the absorption of

( 14 C]hexa-

chlorobenzene (10 mg in peanut oil) admfo1stered to male. bile-duct-cannulated Wistar rats by gastric catheter.
administered

14

Four days after dosing. 24.8% of the

C had been recovered in the feces, ind1cating that at least

75% of the administered hexachlorobenzene was absorbed.
Albro and Thomas (1974) studied the absorption of hexachlorobenzene in a
squalane/cotton seed oil vehicle by male rats following administration of a
single dose by stomach intubation.

The results indicated that at doses of

12 and 30 mg/kg, -82 and 72%, respectively, were absorbed within 96 hours.
Koss and Koransky

(1975)

compared

the absorption rates of (1 4 C]hexa-

chlorobenzene in female Wistar rats following oral administration of olive
oil solutions or suspensions in 6% gum arabic in water (4. 20, 50.5. 60 and
180 mg/kg).

Approximately 80% of the dose was absorbed from the olive oil

solutions; however, only 6% was absorbed from the aqueous suspension.
Similarly, Zabik and Scherrmel (1980) found that. when hexachlorobenzene
(32 mg/kg/day} was administered in

the diet,

high-fat

(45.3% w/w)

diets

resulted in greater accumulation of hexachlorobenzene in the tissues and
less

hexachlorobenzene

diets

(67. 7% w/w).

excreted

in

the feces

than

did

high-carbohydrate

The female rats received 32 mg/kg body weight hexa-

chlorobenzene/day for 6. 12 or 18 days.

Although this study did not include

a control group receiving a balanced diet. the data suggest that high fat
diets increase the absorption of hexachlorobenzene.
Sundlof et al. (1982) administered seven consecutive daily oral doses of
10 or 100 mg crystalline hexachlorobenzene/kg body weight to male laboratory
beagles.

The results from the 100 mg/kg group indicated that hexachloro-

benzene can continue to be absorbed from the intestines for up to l week
following the cessation of dosing.
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Bleavins et al. {1982) fed female European ferrets {Mustela putorius
furo) a single dose of 57.6 µg hexachlorobenzene {14 C-labeled) in 7.5 g
of standard mink diet (22% fat) and calculated that 98.5% of the hexachlorobenzene dose was absorbed by the ferrets.

They made this calculation based

on predicted hexachl orobenzene excretion as extrapolated from this study.
and owing to a food passage time in the female ferret of just over 3 hours.
12.1.2.

Distribution.

Following intestinal absorption. hexachlorobenzene.

which is lipophilic, distributes to tissues that are rich in lipid content.
The adipose tissue accumulates the greatest concentrations of hexachlorobenzene in all species studied, although bone marrow and skin, which contain
large amounts of lipids. also accumulate hexachlorobenzene.

The adrenal

cortex accumulates hexachlorobenzene at concentrations approaching those of
fat.

Other Ussues (e.g .• liver. kidneys. lungs. heart. spleen and blood)

generally contain lower amounts of hexachlorobenzene.
of

hexachlorobenzene results

Intravenous injection

in a tissue distribution

following oral administration.

similar

to that

Hexachlorobenzene is transported via the

placenta and is distributed in fetal tissue.
Mehendale et al.

(1975)

benzene by adult male
14

C-Hexachlorobenzene

studied

the disposition of

rats following a single oral

was

mixed

with

arachis

stomach intubation at a dose of -5 mg/kg.

oil

and

14

C-hexachloro-

dose of 5 mg/kg.
administered

by

The animals were sacrificed 7

days later and the tissues and organs radioassayed.

Forty-three percent of

the total radioactivity administered was present in fat tissue 7 days after
14

C-hexachlorobenzene administration.

In addition. muscle and skin tis-

sues each contained -9% of the radioactivity, whereas the other 12 tissues
analyzed contained -5% combined (Table 12-1).
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TABLE 12-1
Storage and Excret1on of 14 C-HCB Adm1n1stered Orally
1n Arach1s 011 1n Ratsa

Percent of Total
Rad1oact1v1 ty
Adm1n1stered

Organ or n ssue

Fath
Musclec
Sk1nd
L1ver
Small 1ntest1ne
Bonee
K1dneys
Large 1ntestine
Stomach
Blood
Lungs
Testes
Heart
Bra1n
Spleen

42.81 + 6.14
9.41 + l.17
8.64 + 1.21
3.01 + 0.23
2.43 0.47
1.04 + 0.09
0.76+0.ll
0.43 ± 0.08
0.36 + 0.04
0.24 + 0.04
0.24 + 0.04
0.21 ±: 0.04
0.18 + 0.03
0.17 + 0.03
0.04 ±: 0.002

±

Total 1n t1ssues

70.09 .:!:. 5.48

Excret1on
Feces
Ur1ne
Gut contents

16.02 + 2.31f
0.85 -+ 0.13 f
2.48 :±: 0.45

Total recovery

89.44 .:!:. 10.57

asource: Hehendale et al., 1975
beased on 9% body we1ght as fat
ceased on 50% body we1ght as muscle
dBased on 16% body we1ght as sk1n
eBased on 10% body we1ght as bone
fcumulat1ve total for 7 days
Adult male rats were g1ven 5 mg/kg of hexachlorobenzene.
HCB

~

Hexachlorobenzene
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When

14

C-hexachlorobenzene was suspended in 1% methyl eel lulose and a

single oral dose containing 150 µg of hexachlorobenzene was administered
to

Sprague-Dawley

rats,

the

absorption

of

14

C-hexachlorobenzene by

walls of the stomach and duodenum 1 hour later was relatively low:

the

-1.0 and

0.6 ppm were found in the stomach and duodenum, respectively (Iatropoulos et
al., 1975).

Increased radioactivity was found in the jejunum and ileum as

well as the lymph nodes and adipose tissues 3 hours after administration
(Table 12-2).
kidneys,

Although the radioactivity also increased in the liver and

this increase was relatively low compared to that found in the

lymph nodes and adipose tissue.

Moreover, the radioactivity in the liver

and kidneys decreased within a 2-day period, whereas the radioactivity in
the lymph nodes and fat remained relatively constant.
cate that the portal

venous

These results indi-

transport of hexachlorobenzene to the liver

appears to be a minor pathway, whereas the major part of the ingested hexachlorobenzene

is

absorbed

by

the

lymphatic

jejuno-ileum and deposited

in

the fat,

system in

the duodenum and

bypassing the systemic circulation

and the excretory organs.
Knauf and Hobson (1979) investigated the tissue distribution of hexachlorobenzene in six female rhesus monkeys following the gastric administration of daily doses of hexachlorobenzene [O (one monkey), 8 (one monkey), 32
(one monkey), 64 (one monkey), or 128 (two monkeys) mg/kg/day] in 1% methyl
cellulose for a period of 60 days.
chlorobenzene were

located

in

tissues

The highest concentrations of. hexawith

high

lipid content.

Tissue

levels correlated more with body fat content than with dose, with the monkey
that had the least adipose tissue producing the highest nonfat tissue and
serum values (Table 12-3).
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TABLE 12-2
Tissue Concentrat1on {ppm) of

14

C-Hexachlorobenzenea and Its Metabolites in Sprague-Dawley Ratsb

nme (hours)
l

3

5

......
N
I

ai

Stomach
Duodenum
Jejuno-Ileum
Cecum
Colon
Liver
Mesenteric
lymph node
Adipose
tissue
Kidneys
Lungs

48

12

Tissue
Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

0.6
0.6
0. l
0. l
0. l
0 .1

1.6
0.6
0.2
o. 1
0.1
0.4

0.8
1.4
0.6
0. 1
0.1
0.5

1.0
1.0
0.8
0.2
0.2
0.5

l. l

0.2
1.0
0 .1
0.4
0.2

0.5
0.3
0.3
0. l
0. l
0.3

0. l
0. l
0.3
0. l
0. l
0.2

0. l
0. l
0.3
0.2
0. 1
0.2

0. l
0. l
0.2
0. 1
0.2
0. 1

0.1
0. l
0. 1
0.1
0.1
0.2

0. l

0.6

0.4

1. 3

2.0

1.0

1.5

1.0

1.9

2. l

0. l
0. l
0 .1

0.2
0.2
0.3

1. 7
0.4
0.3

1.2
0.3
0.4

2.3
0.5
0.2

1.5
0.2
0.2

1.3
0.2
0. l

1.1
0 .1
0.1

2.6
0.2
0 .1

2.7
0.1
0.2

a150 µg hexachlorobenzene was administered by stomach tube suspended in 1% methyl cellulose.
bsource: Iatropoulos et al., 1975

TABLE 12-3
Tissue Levels of HCB (ppm) in Adult Female Rhesus Monkeysa,b

Monkey No.
Dose (mg/kg/day)

613C
128

618d
128

627e
64

817
32

1163
8

1826
0

Body fat

930

215

540

250

580

1.1

Bone marrow

460

175

1700

255

350

1.6

Adrenal cortex

150

30

325

90

50

0.1

Adrenal medulla

12

9

285

35

4

<0.1

Liver

20

50

365

40

30

<O. 1

Kidney

18

19

258

11

3

<0.1

Brain

25

19

108

12

8

<0.1

Ovaries

6

23

133

3

l

<0.1

Muscle

4

21

24

7

2

<O. 1

Serum

2.5

11.0

0.5

3.3

<O. l

l. 5

asource: Knauf and Hobson, 1979
bHCB was administered daily for 60 days in 1% methylcellulose (orally)
CMonkey was small and slight
dMonkey was obese
eMonkey had very little adipose t 1ssue
HCB = Hexachlorobenzene
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The highest levels of hexachlorobenzene residues were found in fat tissue (215-930 ppm) and bone marrow (175-1700 ppm). and selectively higher
levels were found in the adrenal cortex (30-325 ppm) than in the adrenal
medulla (4-285 ppm).

Residues in semen, muscle, ovaries, brain, kidneys and

liver were relatively much lower (0.5-258 ppm).
Engst et al. (1976) reported the administration by gavage of 8 mg/kg of
hexachlorobenzene in l mll. of sunflower oil to male Wistar rats for a duration of 19 days.

The animals were then sacrificed, and the 11ver, kidneys,

adrenals, heart, spleen and intestinal fat were analyzed for hexachlorobenzene residues.
muscle,
total

The following results were reported:

17 µg/g;
9 µg;

liver,

heart

125 µg

total

total;

1.5 µg;

fat t1ssue, 82 µg/g;

kidneys

total

21

µg each;

and adrenals

total

0.5 µg each.

spleen
High

levels of hexachlorobenzene residues in fat tissues also have been reported
for

rats

receiving 50.0 mg/kg

(177 µmoles/kg)

of hexachlorobenzene every

second day for 10 weeks (Koss et al., 1980b).
Szymczynski and Waliszewski

(1981) analyzed human semen and testicular

and fat tissues, and identified several chlorinated pesticides that included
hexachlorobenzene.

The compound was not detected in testicular tissue, but

was present in semen and fat tissues at concentrations of 0.001 and 0.128
µg/g,

respectively.

Similarly,

chlorinated compounds

found

in

hexachlorobenzene
semen collected

was

one

of

several

in 1979 from 132 college

students (Dougherty et al., 1981).
Sundlof et
zene

or

al.

unlabeled

(1982)

studied

the distribution of

hexachlorobenzene

in

male

intravenous dose of l mg/kg in ol1ve oil.

beagles

14

C-hexachloroben-

following

a

single

Two dogs each were sacrificed

after 2, 4, 8, 16, 32 and 48 hours and after 12 weeks; hexachlorobenzene
concentrations were determined in 16 tissues and organs as well as in the
blood

(Table

12-4).

Two

hours

after
12-8

dosing,

the

highest

concentration

TABLE 12-4
HCB Concentrations in Tissues of Male Beagles
Receiving Single Intravenous Doses of 1 mg/kg bw in Olive Oil*

HCB Concentration (ppm)
Time Interval After Dosing
Tissue

2 hours

48 hours

12 weeks

Lungs
Adrenals
Subcutaneous fat
Perirenal fat
Mesenteric fat
Spleen
Liver
Thyroid
Heart
Kidneys
Stomach
Pancreas
Brain
Duodenum
Colon
Small intestine
Blood

36.14
2.82
1.14
1.00
0.56
0.54
0.51
0.37
0.28
0. 18
0.18
0.17
0. 15
0. 12
0. 12
0.07
0.07

0.08
0.38
3.38
3.24
2.40
0.01
0.04

<0.01
0.06
0.37
0.46
0.41
<0.01
0.02
0.02
0.01
0.01
0.01
0.07
0.02
0.02
<0.01
0.01
0.01

NR
0.04
0.02
0.36
0.06
0.02
0.02
0.01
0.02
0.03

*Source: Sundlof et al., 1982
NR = Not reported
HCB

=

Hexach,orobenzene
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was found in the lungs (36.14 ppm).

This was considered to be a property of

the injection vehicle rather than a property of hexachlorobenzene per se.
That is, it was believed that the olive oil vehicle formed microembol1 in
the blood which became trapped

in the capillaries of the lung.

Residue

levels in the lungs then dropped (4.4 ppm), and a concurrent increase in
hexachlorobenzene was detected in fat tissues (10.32 ppm in subcutaneous,
perirenal

and

mesenteric

fat)

4

hours

postinjection.

Residues

in

all

tissues, organs and blood declined during the 48 hours postinjection except
for fat tissue, which remained constant.

Twelve weeks after dosing, tissue

concentrations were very low in all tissues, including fat (>0.01-0.46 ppm),
indicating significant excretion of the compound by that time.
Yang et al. (1978) studied the distribution of hexachlorobenzene in male
Sprague-Dawley rats and female rhesus monkeys following intravenous injection

of

14

C-hexachlorobenzene

received 0.1 mg of

14

in

1,2-propanediol :plasma

(1 :8).

C-hexachlorobenzene and then were replaced in meta-

bolic cages for 48 hours before sacrifice.

About 0.2 and 1.0% of the admin-

istered dose was excreted in the urine and feces, respectively.
activity was exhaled from the animals.

in

fat

(-3 µg/g

of

tissue).

No radio-

Over 20 t1ssues from the rats were

analyzed and all were found to contain radioactivity.
were

Rats

The adrenal

The highest levels

glands also contained a

relatively high level of radioactivity, whereas the other tissues contained
much lower levels, generally in the range of 1/12 to 1/300 of those in fat
t1ssue.
The tissue di stri but ion of

i 4

C-hexach lorobenzene in rhesus monkeys was

determined in individual animals 100 days, 6 months and l year after intravenous

injection

of

14

C-hexachlorobenzene at
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0.38,

0.32 and 0.22 mg/kg,

respectively.

The results again indicated that the highest levels were

present in fat ( 6069 ng/g on day 100 and 828 ng/g on day 365) and bone
marrow (1638 ng/g on day 100 and 373 ng/g on day 365) among the 30 tissues
analyzed in all three monkeys.

The adrenal glands contained -1/6 to 1/8 of

the levels present in fat, whereas the other tissues contained radioactivity
levels ranging between 1/10 to <l/800 of those in fat.
The transplacental

transfer of hexachlorobenzene from pregnant mice,

rats and rabbits has also been reported.
qualitative study on the distribution of
of

its

sulfur-containing metabolites

Brandt et al. (1980) conducted a
14

C-hexachlorobenzene and several

in pregnant mice.

The mice were

injected i.v. and sacrificed at intervals ranging between 20 minutes and 32
days after injection.
autoradiography.

The animals were frozen, sectioned and submitted to

The autoradiograms showed a strong uptake of hexachloro-

benzene in the adipose tissues.

This hexachlorobenzene was found to persist

in the adipose tissues for more than l month after the administration.
Radioactive

hexachlorobenzene was

also

found

to

penetrate

the placenta,

resulting in the blood and liver concentrations in the fetus which appeared
to equal those of the dams.
Villeneuve and Hierlihy (1975) studied the placental transfer of hexachlorobenzene in Wistar rats and reported that hexachlorobenzene crosses the
placenta and accumulates

in the fetus

in a dose-dependent manner.

The

females were dosed orally daily (5, 10, 20, 40 and 80 mg/kg) from gestation
day 6-16 and then sacrificed on day 22.
residue

levels

were

determined

in

Only liver, brain and whole fetus

this

study.

Fetal

liver

residues

(1.8-35.8 µg/g) were much lower than those of the dams (9.3-86.0 µg/g).
The fetal brain and whole fetus levels were l.l-17.5 µg/g and l.5-18.9
µg/g, respectively.
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Villeneuve et al. (1974) also reported that the transplacental transport
of hexachlorobenzene in New Zealand rabbits was dose-dependent.

RabbHs

were mated and then treated orally with hexachlorobenzene from days 1-27
wHh subtoxi c doses of O, O. 1, 1. O or 1O mg/kg.

On day 28 the dams were

k1lled for fetal and maternal t1ssue analysis for hexachlorobenzene.
dams,

In

the hexachlorobenzene residue concentrations were highest in fat,

followed by the liver, heart, kidneys,
Hexachlorobenzene residues were higher

brain,

lung,

in the fetal

spleen and plasma.
liver

than in the

ma terna 1 liver.
Courtney et al. (1976) reported on the distribution of hexachlorobenzene
{assayed 90. 4% hexach 1orobenzene and 9. 6% pentach 1orobenzene) administered
v1a oral intubation on days 7-11 of gestation at a dose of 50 mg/kg/day in a
corn oil acetone mix to five pregnant and two non-pregnant CD-1 mice.

They

found there were no remarkable differences in the hexachlorobenzene tissue
levels between the pregnant
pregnancy.

~nd

non-pregnant animals sampled at day 12 of

The levels of pentachlorobenzene in sampled tissues were low as

compared to the very high hexachlorobenzene levels detected in the thymus,
skin, fat and urinary bladder.

No detectable levels of hexachlorobenzene or

pentachlorobenzene were found in the control mice.
Courtney et al. (1979) studied the tissue distribution of hexachlorobenzene in the maternal and fetal tissues of CD rats and CD-1 mice and reported
that placentas and fetuses of both species demonstrated a dose-dependent
relationship for

hexachlorobenzene residues,

with levels in the fetuses

being higher than those in their corresponding placentas.

The dams were

treated via oral intubation with single or multiple oral doses (10, 50 or
100 mg/kg in corn oil) at different periods during gestation.

The hexa-

chlorobenzene concentrations in mice and rat fetuses at mid-gestation were
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very similar.

In mice, multiple low doses of hexachlorobenzene resulted in

higher concentrations of hexachlorobenzene in maternal and fetal
than single doses of equivalent total doses.

tissues

In another study, Courtney and

Andrews ( 1979) reported that in mice the fetus could be exposed to hexach lorobenzene from maternal body burdens, established before fetal implantation, and was not limited to maternal exposure during the postimplantation
gestation.
Bleavins et al. (1982) studied the tissue distribution and transfer of a
single dose of hexachlorobenzene given to female European ferrets (Mustela
putorius

furo).

They

gave

a

single

57.6

µg

hexachlorobenzene

( 14 C-

labeled) dose to each of three bred and five non-bred ferrets, in 7.5 g of
standard mink diet

(22.2% fat).

The dosed ferrets

and offspring were

observed for 5 weeks after the kits were born, at which time they were
killed

and

tissue

12-5).

One ferret kit per litter was also collected at birth and at weeks

14

C-hexachlorobenzene

levels

were

determined

l, 2, 3 and 4 for whole body residue determinations (Table 12-6).

(Table

These

results indicate that nursing mothers can signifkantly reduce their body
burdens of hexach 1orobenzene. when compared to unbred female counterparts,
by transferring a large amount of the hexachlorobenzene to their offspring.
lhe mothers' milk contaminated with hexachlorobenzene seems to be a large
contributor to the kits 1 body burdens with a reported mnk to placental
exposure ratio of 31 :l.

The distribuUon of hexachlorobenzene in ferrets

follows similar trends, as observed in the other mammals, where the highest
hexachlorobenzene levels were found in the lipid rich tissues.
The transfer of hexachlorobenzene to nursing infant rhesus monkeys from
lactating mothers receiving via oral intubation 64 mg/kg/day hexachlorobenzene suspended in 1% methyl cellulose for 60 days was reported by Bailey et
al. (1980).

Milk concentrations were on the average 17-fold higher than
12-13

TABLE 12-5
Mean (+SE) Hexachlorobenzene Rad1oact1v1ty (dpm/g)
of Selected European Ferret T1ssuesa,fi

Group I
(n=3)

T1ssues

49 ± 34.6d

166 ± 26.8

Subcutaneous fat

4472 ± 100.se

19,525 ± 1503.9

V1sceral fat

4429 ± 867 .6e

19,704 ± 1666.0

Muscle

53 ±. 14.4d

384 ±. 64.0

Heart

34 ± 9.2d

310 ±. 56.8

Kidney

105 ±. 31. 1e

611 ±. 80. 4

Spleen

13 ±. 7.se

180 ±. 24.8

L1ver

248 ±. 68.9e

1,445 ± 145.2

lung

1 ±. 0.3e

241 ± 18.4

Brain

61 ± 3o.oe

395 + 48.5

Blood

KHsC

Group II
(n=5)

(n=3)

11,678

.:!:.

112.4f

561 ±. 204.8

209 ±. 37.2

1,420 ± 185.69

130 + 29.4

asource: Bleav1ns et al., 1982
bat 62 days postdos1ng from adult bred (group I) and unbred (group II)
female ferrets exposed to a single 57.6 µg dose of 14 C-labeled hexachlorobenzene and from offspr1ng born to the bred females.
CKH tissues, from 5-week-old offspr1ng, were contrasted only w1th mater-

nal (group I) t1ssues.

dsign1ficantly d1fferent (p<0.05) from group II t1ssue of the same type.
es1gn1f1cantly different (p<0.01) from group II t1ssue of the same type.
fs1gnif1cantly d1fferent from maternal t1ssue (group I) at p<0.01.
9S1gn1ficantly different from maternal t1ssue (group I) at p<0.05.
HCB = Hexachlorobenzene
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TABLE 12-6
Mean (±_SE) HCB Rad1oact1v1ty (dpm x 10 3 ) of European Ferret K1tsa,b

Measure
......
N
I

......

ui

Weeks Post11artum
Number

0

2

4

5

3.5 ±. 0.50

2.7 !. 0.14

3
3.9 ±.

o. 73

Per gram of k1t

3

3.0 ±. 0.19

2. 7 !. 0.57

4.3 ±. 0.67

Per whole k1t

3

25 .1 ±. 1. 43

76.7 !. 14.35

311. 4 ±. 63. 39

492.5 ±. 92.22

672.B !. 117.63

805.7 !. 54.25

51.6

234.7

181.1

180.3

132.8

6.1 !. 0.66

2.9 ±. 0.45

1.8 ±. 0.17

0.8 !. 0.20

Increase over prev1ous week
M11k (per

ml)

3

asource: Bleav1ns et al., 1982
bsorn to female ferrets exposed to a s1ngle dose of 1 •C-labeled hexachlorobenzene and the m11k produced by those dams
HCB = Hexachlorobenzene

maternal serum levels, whereas infant serum levels were about 2- to 5-fold
higher

than serum levels of

their mothers.

Similarly,

the

infants had

higher tissue residues than their mothers and hexachlorobenzene was concentrated in the infant fat, bone marrow, adrenals and lymph nodes.
Hexachlorobenzene residues also have been reported in human fat in the
United Kingdom

(Abbott et al.,

1981,

Japan

(Curley et al.,

1973), and

Australia (Brady and Siyali, 1972) and in human milk collected in Sweden
(Westoo and Noren, 1978; Hofvander et al., 1981), Canada (Mes and Davies,
1979), Norway (Bakken and Seip, 1976; Skaare, 1981), and Hawan (Takahashi
et a 1. , 1981 ) .
12.1.3.

Metabolism.

The metabolism of hexachlorobenzene has been studied

in male and female rats following oral administration, rhesus monkeys and
beagles

following

(Renner, 1981).

i.v.

injection,

and

rabbits

following

i.p.

injection

Hexachlorobenzene is metabol1zed slowly into other lower

chlorinated benzenes, chlorinated phenols and other minor metabolites and
forms glucuronide and glutathione conjugates.

Tissues were found to contain

mainly unchanged hexachlorobenzene together with small amounts of metabolites.

Similarly, only small amounts of hexachlorobenzene metabolites were

detected in feces, whereas most of the metabolites were excreted in the
urine together with small amounts of unchanged hexachlorobenzene.
Mehendale et al. (1975) studied the metabolism of hexachlorobenzene in
male Sprague-Dawley rats 7 days after oral intubation administration of a
single 5 mg/kg dose in arachis oil.

The fat, liver, intestines, kidneys,

lungs and brain were found to contain hexachlorobenzene primarily, along
with trace amounts of other chlorinated benzenes.

Analysis of these chlori-

nated benzenes suggested the presence of pentachlorophenol, 2,4,5-trichlorophenol,

pentachlorobenzene

and

the

tetrachlorobenzenes.
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Extraction

and

analysis of fecal

radioactivHy. which accounted for 16% of the dose, did

not reveal the presence of metabolites.

Although urine contained only 0.85%

of the administered radioactivity. it provided the only evidence of hexachlorobenzene metabolHe excretion.
evident following
addition

to

Several

unidentified metabolHes were

thin-layer chromatography (TLC)

2.4,5-trichlorophenol.

separation of urine.

pentachlorophenol

and

one

spot

in
was

reported to contain a mixture of chlorinated benzenes.

!!!. vitro metabolism studies with homogenates of the liver, lungs. kidneys and smal 1 intestines produced trace amounts of chlorobenzene metabo1 i tes

when

incubated

with

absence of added cofactors.

[ 14 C]-hexachlorobenzene

in

the

presence

or

Liver microsomal preparations produced amounts

of one or more chlorophenols when fortified with NADPH; in the presence of
UDPGA,

pentachlorophenol

was

reported

to form

the glucuronide conjugate.

Fortification of kidney homogenates with glutathione resulted in the appearance of unextractable radioactivHy in the aqueous phases. indicating that
glutathione conjugates of polar hexachlorobenzene metabolites might also be
formed (Mehendale et al .• 1975).
The metabolism of hexach lorobenzene in ma le and female Sprague-Dawley
rats each receiving nine oral doses of 85.6 mg/kg hexachlorobenzene (99.7%
pure) in arachis oil over a period of 1 month was reported by Richter et al.
(1981).

The animals were sacrificed 3. 24 and 52 days after .the last dose.

and various tissues were analyzed for hexachlorobenzene and its metabolites
by

CDE/GLC and

GLC/MS.

In

addition

to hexachlorobenzene,

the

following

metabolites were also detected: pentachlorobenzene (PCB). pentachlorophenol
(PCP).

pentachlorothiophenol

phenol

(TCP).

(PCTP)

and

The results reported for

2.3.4.6- and

2,3.5.6-tetrachloro-

the liver and kidneys for

day 3

indicated that the livers of the females contained significantly more PCTP,
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a der1vaUve of a glutathione conjugate,
12-7).

than

those of the males

(Table

However, it is not known whether this increase 1s due to a higher

rate of PCTP production or to a lower rate of elimination.
Rizzard1ni and Smith (1982)

investigated the sex d1fferences in hexa-

chlorobenzene metabolism in young F344/N rats who had been intubated every
other day for 103 days with 14 mg/kg hexachlorobenzene (analytical grade)
dissolved in arachis oil.
for:

Three hexachlorobenzene metabolites were analyzed

pentachlorobenzene, pentachlorothiophenol and 2,3,5,6-tetrachloroben-

zene-l ,4-diol, and all three were found to be produced in larger concentrations

in

treatment.

the female

rats during the first 10 weeks of hexachlorobenzene

The greater

quantities of hexachlorobenzene metabolites being

formed in female rats was believed due to their body estrogen levels.
Engst et al. (1976) detected several urinary metabolites in male Wistar
rats receiving by gavage 8 mg/kg of hexachlorobenzene daily dissolved in
sunflower oil for 19 days.

The results of this study were presented quali-

tatively, and the authors reported that the major metabolic route for hexachlorobenzene was

to pentachlorophenol.

mainly

hexachlorobenzene

unchanged

In addition,

together

with

the feces contained

traces

of

pentachloro-

benzene.
Koss et al.

(1976) investigated the metabol1sm of hexachlorobenzene in

female Wistar rats given 2-3 i .p. doses of [ 14 C]hexachlorobenzene (260 or
390 mg/kg total dose).

At the end of 4 weeks, 73 of the administered radio-

activity was excreted in the urine, with >903 of this amount contained in
the

major

metabolites

pentachlorothiophenol).

(pentachlorophenol,

tetrachlorohydroquinone,

and

An isomer of tetrachlorothiophenol was detected as

a minor urinary metabolite.

Twenty-seven percent of the administered radio-

activity was excreted in the feces, of which 703 was identif1ed as unchanged
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TABLE 12-7
Concentrations of HCB and its Metabolites (mg/kg)
in the Liver and Kidneys of Male and Female Ratsa.b

Tissue/Sex

HCB

PCB

PCP

PCTP

TCP

Liver
Males
Females

192
147c

0.05
0.03c

3.16

0.23
0.36c

0.02
0.04c

127

0.05
0.01

5.79
3.69

0.24

0.09
0.08

Kidneys
Males
Females

111

2. l 2C

0. l 0

asource: Richter et al .• 1981
boetermined 3 days after the last of nine oral doses of 85.6 mg/kg HCB
given within 1 month in arachis oil
cstatistically significant from males (p<0.05)
HCB : Hexachlorobenzene; PCB : pentachlorobenzene; PCP : pentachlorophenol;
PCTP: pentachlorothiophenol; TCP= 2,3,5,6-tetrachlorophenol
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hexachlorobenzene.

Only pentachlorophenol and pentachlorothiophenol were

1dent1fied as fecal metabol1tes of hexachlorobenzene.
animals,

only

pentachlorophenol

was

detected

In the tissues of the

1n measurable

quantities,

accounting for 10% of the radioact1vity in blood and <0.1% in body fat.
Total radioactiv1ty conta1ned in the metabolites detected in the animal
bodies and excreted at the end of the 4 weeks accounted for 16% of the
administered radioactivity.
In follow-up studies, Koss et al.

(l978a) compared the formation of

hexachlorobenzene metabolites in rats, mice, guinea pigs, Japanese quail,
laying hens and rainbow trout.
chlorophenol,

The only metabolites detected were penta-

tetrachlorohydroquinone

and

pentachlorothiophenol;

however,

the species tested differed greatly in their ab11Hy to metabolize hexachlorobenzene (Table 12-8).
Gas-liquid chromatography of urine, bi le and fecal extracts from male
beagle dogs receiving a single i.v. injection of

14

C-hexachlorobenzene at

1 mg/kg revealed that 96% of the fecal radioactivity occurred as the parent
compound.

Hexachlorobenzene accounted for 4% of the biliary radioactivity,

but no parent compound was detected in urine (Sundlof et al., 1982).
Kohli et al. (1976) studied the metabolism of several chlorinated benzenes,

including hexachlorobenzene,

in rabbits following i.p.

injection.

The urine was collected for 10 days after injection and analyzed for metabolites following extraction and gas-liquid chromatography, but no hexachlorobenzene metabolites were found in the urine.
12.1.4.

Excretion.

The excretion of hexachlorobenzene from treated ani-

mals is slow and occurs mainly through the feces, with relatively 11ttle
being excreted in the urine.
followed by a very slow phase.

It is characterized by an initial rapid phase
This slow phase of excretion can be enhanced
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TABLE 12-8
Hexachlorobenzene and Its Major Metabolites
in the Excreta of Different An1mal Spec1esa

Total Amount of Substances
Speciesb

Total Dosec
(mMol/kg)

HCB

Rat

0.92

6. ld

2.0

0.4

1.8

Mouse

0.92

2.6

0.3

0. l

ND

Guinea pig

0.92

1.8

0.9

0.2

0.5

Japanese qua11

2.76

7.5

trace

trace

3.2

Laying hen

0.92

0.6

0.1

0.07

0.04

Rainbow trout

2.76

1.8

0.4

ND

NO

PCP

TCH

PCTP

asource: Koss et al .• 1978a
b2-3 animals were used per each species investigated
cHexachlorobenzene was d1ssolved in oil and adm1nistered 1ntraperitoneally.
df igures are given in µMol/kg bw/day
ND = Not detected. The lower detection limit of the metabolites was determined to be 0.03 nMol/ml ur1ne or g feces.
HCB = Hexachlorobenzene; PCP = pentachlorophenol; TCH = tetrachlorohydroquinone; PCTP = pentachlorothiophenol
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by

the

adm1n1strat1on

of

m1neral

011,

paraffin

and

n-hexadecane.

bil1ary and intestinal excretion contribute to fecal excret1on.
compartment mammalian model

has been reported for

Both

A three-

the behavior of hexa-

chlorobenzene in beagles and rhesus monkeys follow1ng i .v. injection of a
single dose.

Radioactivity was not detected in exhaled air following 1.p.

injection of

14

C-hexachlorobenzene.

Studies conducted by Mehendale et al.

(1975)

w1th rats

rece1ving a

single oral dose indicated that only 16.0 and 0.85% were excreted in the
feces and urine,

respectively,

Ingebrigtsen et al.
istration of

14

7 days after

treatment

(see Table 12-1).

(1981) reported that 4 days after intragastric admin-

C-hexachlorobenzene, a total of 24.8 and 2.1% of the admin-

istered radioactivity were recovered in the feces and urine, respectively.
In addition, an average of 3.6% of the dose was recovered 1n the bile of
bile-duct-cannulated rats within 48 hours after dosing.

Of the radioactiv-

ity excreted in the bile, only 2% was unchanged hexachlorobenzene, 1.8% was
pentachlorobenzene,

24% was

pentachlorophenol

and

-72% was

unidentified

metabolites.
Rozman
female

et al.

rhesus

(1977)

monkeys

via diet for 15 months.

studied

receiving

the
110

excretion
µg

14

of

hexachlorobenzene 1n

C-hexachlorobenzene/day/monkey

The excretion and storage patterns showed a very

slow approach to a saturation level, indicating a high tendency for hexachlorobenzene accumulation in rhesus monkeys.

A total of 5.8 and 3.6% of

the administered dose was excreted in the urine of male and female monkeys,
respectively,

after

15 months,

of

which
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50% was

pentachlorophenol,

25%

pentachlorobenzene and the rema1ning 25% cons1st1ng of unidentified metabolites w1th vary1ng amounts of hexachlorobenzene.

A total of 47.9 and 27.5%

of the dose was present in the feces of male and female monkeys. respect1vely. of which 99% was hexachlorobenzene.
Koszo et al. (1978) admin1stered hexachlorobenzene (0.2% in the d1et) to
young male and female Wistar rats for as long as 200 days and measured the
accumulation of hexachlorobenzene in the 11ver and fatty tissue and the
excretion of hexachlorobenzene and pentachlorophenol in the urine and feces.
The concentration of hexachlorobenzene in the liver and fat increased steadily throughout the treatment per1od.

P~ntachlorophenol

appeared in both the

urine and feces 1n increasing amounts throughout the treatment period, with
the excretion of other apolar and polar products being markedly enhanced
after 5-6 weeks.
Rizzardini and Smith (1982) investigated the sex differences in hexach lorobenzene metabolism and excretion of hexach lorobenzene metabolites 1n
young F344/N rats.

These rats were intubated with 14 mg/kg analytical grade

hexachlorobenzene dissolved 1n arachis oil every other day for 103 days and
were analyzed for the three main hexachlorobenzene metabolites. pentachlorophenol,

pentachloroth1ophenol

urine and feces.

and

2,3,5,6-tetrachlorobenzene-l,4-diol.

in

Results indicated that the combined urinary excretion of

metabolites was greater in the female rats. especially during the first 10
weeks. with pentachlorothiophenol being particularly high in the females.
No wide variations between the sexes were seen in the analyzed feces hexachlorobenzene metabolites after 103 days of treatment.

Combined urine and

feces excretion of metabolites at the end of the study were found not to be
significantly different between males
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(2291~116

nmole/ 24 hours/kg) and

females

(2425~182

nmole/24 hours/kg).

It was stated, though. that the total

excretion of pentachlorothfophenol was always sign1ficantly higher in the
female rats.
Koss and Koransky (1975) studied the metabolism of hexachlorobenzene in
rats when the compound was orally administered in an aqueous suspension or
in olive oil.

The animals received d1fferent amounts of

14

C-hexachloro-

benzene in a single dose. and the feces and urine were collected at varying
time intervals and radioassayed.

When administered in water. hexachloro-

benzene was not readily absorbed; 76-973 of the dose was excreted in the
feces, and <O.l-0.43 was excreted in the urine 1 day after administration.
When administered in oil, only 45-46% of the dose was excreted in the feces
and 2.1-3.8% was excreted in the urine after 14 days of treatment.
receiving 4 mg/kg of

14

Rats

C-hexachlorobenzene administered i.p. excreted a

total of 5 and 34% of the dose in the urine and feces, respectively, within
14 days.

About 4 and 80% of the excreted radioactivity in the urine and

feces, respectively, was unchanged hexachlorobenzene.

Animals injected i.p.

with

no

50.5

mg/kg

[ 14 C]hexachlorobenzene

released

radioactivity

in

exhaled air (Koss and Koransky, 1975).
Rozman et al.

(1981) reported that administration of mineral oil or

n-hexadecane to female Sprague-Dawley rats or male or female rhesus monkeys
who were pretreated with
tion

of

14

14

C-hexachlorobenzene enhanced the fecal elimina-

C-hexachlorobenzene.

All

animals were administered

14

C-hexa-

chlorobenzene (100 mg/kg) in 1% methyl cellulose as a single oral intubation
dose except for one monkey that received three consecuUve daily doses and
two

monkeys

that

received

14

C-hexachlorobenzene

pellets daily for 750 consecutive days.

(0.11

mg/kg)

in

sugar

Aliphatic hydrocarbons were admin-

istered to the treated animals 11-40 days after hexachlorobenzene treatment.
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When m'neral o'l was added to the d'et of the rhesus monkeys, fecal excre-

Uon of he·xachlorobenzene was enhanced 6- to 9-fold.

S1m1larly, d1etary

administrat1on of hexadecane resulted 1n the same 1ncrease in fecal excretion of hexachlorobenzene in both the rhesus monkeys and rats.

Res1due

analyses indicated an enhanced depletion of hexachlorobenzene from blood and
of stored hexach lorobenzene from adipose tissue.

Enhanced feca 1 excretion

of hexachlorobenzene as a result of dietary administration of aliphatic
hydrocarbons was primarily due to 1ncreased hexachlorobenzene elimination in
the large 1ntestine.
Richter and Schafer ( 1981) studied the intestinal excretion of hexachlorobenzene
method.

in male Sprague-Dawley rats

using

the pendular perfusion

The animals were injected i.p. with hexachlorobenzene at 100 mg/kg

and, l and 4 weeks after treatment, various parts of the intestines were
perfused with paraffin or squalane for 5 hours.
chlorobenzene excreted was
colon.

The ratios

treatment were:

of

The largest amount of hexa-

into the jejunum followed by the ileum and

total

hexachlorobenzene excreted during paraffin

jejunum/ileum= 1.26 and jejunum/colon= 2.43.

The authors

concluded that·these results indicate the importance of intestinal excretion
in the elimination of hexachlorobenzene, and that paraffin treatment can be
one of the measures by which a long-term stimulation of hexachlorobenzene
excretion can be achieved.
Beagle dogs receiving a single i.v. dose of l mg/kg excreted 44 and <63
of the dose in the feces and urine, respectively, during a 12-week period
(Sundlof et al., 1982).

Both biliary and 1ntestinal excretion contributed

to fecal excretion; however, the data indicated that biliary excretion was
the major contributor to feca 1 excretion.

A computer-assisted pharmaco-

ki net ic analysis of blood, urine and fecal radioactivity levels during a
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12-week period suggested a three-compartment model for the behavior of hexachlorobenzene in beagles.

The biologkal half-lHe values were calculated

for the three dogs used and ranged from 6 weeks to 3 years.
Yang et al. (1978) reported that the elimfoation rate of hexachlorobenzene from male Sprague-Dawley rats and rhesus monkeys injected i .v. with
hexachlorobenzene was slow because hexachlorobenzene is stored in the fat
tissue.

The major route of excretion for the radiolabel in treated monkeys

was via the feces.

About 17.1, 8.8 and 28.2% of the dose was excreted in

the feces after 100 days, 6 months and 1 year, respectively, after treatment
of individual monkeys, with -90% of the radioactivity determined to be
unchanged

14

C-hexachlorobenzene.

The

cumulative

urinary

excretion

of

hexachlorobenzene metabolites was determined to be 1.6% of the administered
dose after 1 year.

An open system, three-compartment mammillary model was

found to fit the data for plasma, fecal and metabolized hexachlorobenzene in
the rhesus monkey.
Koss et al. (1983) administered 100 mg/kg hexachlorobenzene in olive oil
every other day, via stomach tube, to female Wistar rats for a period of 6
weeks and then observed the rats for an additional 18 months.

At cessation

of hexachlorobenzene treatment they tried to assess the biological half-life
of hexachlorobenzene and determined a value of 8 days for the start of the
elimination phase, a value of 10 weeks when assessed 3 months later, and
finally a value of 1.5 years after 12 months.

The authors then concluded

that it is not possible to establish a valid biological half-lHe for the
total elimination phase of hexachlorobenzene in rats.
Bleavins et al. {1982) studied the excretion and transfer of hexachlorobenzene given to female European ferrets {Mustela putorius furo).

Three

bred and five non-bred female ferrets were each given a single dose of 57.6
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µg

i•t-hexachlorobenzene

'n

7.5 g

standard

of

m1nk

d1et

(22.2%

fat).

The investigators 1ndicated that there were no sign1ficant dHferences in
the excretion of hexachlorobenzene metabolites,

between bred and non-bred

groups, in urine for the ent1re 8-week study period or in feces durfog the
beginning of

the study.

The observed fecal

excretion during the middle

weeks to the end of the study showed a leveling of the cumulative fecal
excretion in the bred females and a continued increase in fecal excretion in
the non-bred female ferrets, although it was stated that this difference was
not statistically significant.

Excretion of hexachlorobenzene or metabo-

lites in the milk was found to be an important route of excretion for lactating females, -20.3% of the initial dose was eliminated by the fifth week
of lactation, and found to be a very important route of exposure to nursing
offspring.

The importance of placental transfer and milk excretion is fur-

ther presented by observing the time required for 50% of the initial hexachloroben.zene dose to be excreted.

The bred females required 32 days to

excrete 50% while 41 days was required for the unbred females.
12.1.5.

Sunmary.

The pharmacokinetics of hexachlorobenzene in a number of

mammalian species have been studied in detail following oral administration
and, to a lesser extent, following i .v. or i .p. injection.

No information

was present in the available literature on hexachlorobenzene metabolism following inhalation or topical application.

Absorption of hexachlorobenzene

from the intestinal tract appears to depend on the solvent vehicle used during test material administration.
Thus, when hexachlorobenzene is admin'
istered in olive oil, -80% of the dose is absorbed; when it is administered
in an aqueous solut1on, in 1% methyl cellulose or in a crystalline form,
relatively little (<20%) is absorbed.

Intestinal absorption of hexachloro-

benzene occurs primarily through lymphatic channels, with only a minor portion being absorbed into the portal circulation.
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Following absorption, hexachlorobenzene distributes to tissues that have
a high 11pid content.

The adipose tissue accumulates the greatest concen-

trations of hexachlorobenzene in all species studied, although bone marrow
and skin, which contain large amounts of lipids, also accumulate hexachlorobenzene.

The adrenal cortex accumulates hexachlorobenzene at concentrations

approaching those of fat.

Other

tissues

(e.g.,

liver, kidneys,

lungs,

heart, spleen and blood) generally contain much lower amounts of hexachlorobenzene.

Intravenous injection of

distribution similar

hexachlorobenzene results in a tissue

to that seen following oral administration.

Hexa-

chlorobenzene is transported via the placenta and is distributed in fetal
tissue in rabbits, rats, mice, minks and ferrets.
Hexachlorobenzene is metabolized slowly into other chlorinated benzenes,
chlorinated phenols and other minor metabolites and forms glucuronide and
glutathione conjugates.

Tissues were found to contain mainly unchanged

hexachlorobenzene together with small amounts of metabolites.

Similarly,

only small amounts of hexachlorobenzene metabolites were detected in feces,
whereas most of the metabolites were excreted in the urine together with
small amounts of unchanged hexachlorobenzene.

There are indications that

females produce and excrete more hexachlorobenzene metabolites than do males.
The excretion of hexachlorobenzene from treated animals is slow and
occurs mainly through the feces with relatively little being excreted in the
urine.

It is characterized by an initial rapid phase followed by one or

more slow phases.

This slow phase of excretion can be enhanced by the

administration of mineral oil, paraffin or n-hexadecane.
intestinal excretion contribute to fecal

excretion.

Both biliary and

A three-compartment

manmillary model has been reported for the behavior of hexachlorobenzene in
beagles and rhesus monkeys following i.v.

12-28

injection of a single dose.

Rad1oact1vHy was not detected 1n exhaled air following 1.p. injection of
14

C-hexachlorobenzene.

Hexachlorobenzene has been detected in the milk of

nursing mammals {see Sections 12.1.2. and 12.2.).
EFFECTS ON HUMANS

12.2.

The effects of hexachlorobenzene on humans as a result of accidental or
occupational exposure have been reviewed by Courtney {1979) and Currier et
al.

{1980).

A few reports of data collected on occupationally exposed

workers have been reported with studies conducted in Turkey and in the
United

States

{1.e.,

Louisiana)

on

the

accidental exposure to hexachlorobenzene.

general

population

following

The exposure of humans to toxico-

logically signHicant levels of hexachlorobenzene in Turkey from 1955-1959
by ingestion of contaminated grain, as reported by Cam (1959, 1960), Cam and
Nigogosyan

{1963) and Peters

benzene-induced

(1966).

porphyria cutanea

caused an epidemic of hexachloro-

tarda

(PCT).

also

known as

porphyria

turcica.
12.2.l.

Ep1dem1olog1c Stud1es.

Burns et al. (1974) found 0-310 ppb hexa-

chlorobenzene in blood samples from 20 vegetable spraymen.

There were no

signs of PCT, and no correlations were observed between hexachlorobenzene
levels and urinary porphyrin excretion, serum glutamic-oxaloacetic transaminase,

serum

glutamic-pyruvic

transaminase

or

lactate

dehydrogenase.

Increased levels of urinary porphyrins were detected in 1 of 54 men occupationally exposed to hexachlorobenzene {Morley et al .• 1973).
A medical survey was conducted by Dow Chemical Company {Currier et al .•
1980) on 50 employees working at a chlorinated solvents plant in Louisiana,
to determine blood hexachlorobenzene levels and signs suggestive of PCT or
other adverse effects, as well as any changes in hematologic, clinical chemistry and urinalysis parameters.

The results from this study are of limited
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value because the various parameters studied during the 4-year per1od were
analyzed by several
individuals.

laboratories using various methods and on dHferent

There was potential exposure to other substances also.

During

various times of the study, the time-weighted-average airborne concentrations of hexachlorobenzene ranged from <1-13 ppb, and wipe samples from
surfaces ln the control, laboratory and cler1cal work areas ranged from
0.03-1.24 µg/100 cm 2 •
The laboratory analyses and phys1cal examinations performed on the 1977
study group and on a control group from a polyethylene plant did not reveal
any signs indicative of PCT.

Levels of hexachlorobenzene, urinary porphyr1n

and coproporphyrin and the average years of exposure are 11sted in Table
12-9.

A statistically signH1cant (p<0.05) correlat1on was found between

hexachlorobenzene levels in blood and the number of years worked in the
plant.

For

the

other

studied

parameters

no

statistically

significant

differences were noted between the 44 chlorinated solvents workers and the
44 control workers for 1977, except for higher prote1n levels and lower
hematocrit values in the former workers which were not considered to be biologically signHicant.

In addition, signHicantly lower levels of urinary

coproporphyrins and albumin were detected in white male workers with hexachlorobenzene blood levels >200 ppb than 1n those with hexachlorobenzene
levels <200 ppb.
Burns and Miller (1975) studied plasma hexachlorobenzene residues of 86
residents living and/or working in an area exposed to the product1on, transportation and disposal of "hex" wastes (hexachlorobenzene and other chlor1nated hydrocarbons) in Louis1ana.

Plasma hexachlorobenzene levels were mea-

sured and correlated with demographic characteristics, occupational hazards,

...
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TABLE 12-9
Results of Blood and Urine Analysis in Men Employed in a Chlorinated Solvents Plant, 1974-1977a
Comparison Group

Study Group
Parameter

Blood HCB
(µg/R.)

~

N
I
t.)

1974
(n=50)
310.1

+ 201.1b

1975
(n=49)
311 . 5

+

242. 9b

+

11. 0

Urinary
uroporphyrins
(µg/R.)

22.4 .:t 21. l

20. 9

Urinary
coproporphyrins
(µg/R.)

77.4

67 . 2 .:t 36. l

Age
(years)

30. l + 6. 3

+

40.5

1976
(n=49)
159. 9 + 142. 7c

1977
(n=44)

1977
(n=44)
170.3

+

111.0c

0 .1

26.2 .:t 14.3

NR

95.2

+

48.9

NR

30.8 .:t 6.7

31. 7

+

7 .1

31.3

4.5

6.6

+

4.8

37.4 .:t 14.4

100.6

+

40.8

+

0.6

+

6.8

~

Plant-years

5.5

+

3.9

31. l + 6.6
6.3 .:t 4.0

5.9

+

6.6 ±. 4.4

asource: Currier et al., 1980; 1974-1975 results conducted by Bioscience Laboratories; 1976-1977 results
conducted by Pathology Laboratories (±. Standard Deviation)
b1n plasma
CJn blood
N =Sample size
NR = Not reported
HCB = Hexachlorobenzene

food

sample analyses and house dust analyses.

Average plasma

levels of

hexachlorobenzene ranged from 2.4-3.6 ppb in exposed subjects as compared
with 0.5 ppb in controls (p<0.001; Table 12-10).
Higher

levels

of

hexachlorobenzene residues,

which were statistically

significant (p<0.05), were found in the male subjects (4.71 ppb) than in the
female subjects (2.79 ppb).
to

hexachlorobenzene

animals.

These were not associated with race or exposure

through

the consumption of

homegrown vegetables and

About 68% of the house dust samples contained an average hexa-

chlorobenzene concentration of 380 ppb as compared with 20 ppb in control
samples.

When the hexachlorobenzene levels in dust were compared wHh the

mean plasma hexachlorobenzene residues for the same household, a significant
correlation was

obtained

(p<0.025).

In addition,

blood samples

from 11

workers employed for an average of 4.8 years (10 months to 15 years) at the
chemical plant contained an average of 78.6 (14-233) ppb hexachlorobenzene.
12.2.2.

Accidental Ingestion in Turkey.

The hexachlorobenzene-induced PCT

epidemic in Turkey, a result of exposure during 1955-1959 in individuals who
used contaminated seed wheat for food, has been reviewed by Courtney (1979).
Cam and Nigogosyan (1963) estimated that 0.05-0.2 g of hexachlorobenzene was
consumed per day.

The method of estimat1on was not described.

PCT is a

disease of disturbed porphyrin metabolism manHested by cutaneous lesions
and is commonly followed by hypertrichosis
tion.

The

(OeMatteis,
1979).

(hairiness) and hyperpigmenta-

induction of porphyria by hexachlorobenzene has been reviewed
1967;

Granick,

1965;

Tschudy and

Bonkowsky,

1972;

Courtney,

Porphyrias are metabolic disorders of porphyrin metabolism that are

characterized

by

increased excretion of porphyr ins and

Normally,

&-aminolevulinic

porphyrin

synthesis

and

acid
heme

synthetase
acts

as
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an

is

the

their

precursors.

rate-limiting

end-product

inhibitor

step

in

or

an

TABLE 12-10
HCB Plasma Levels in Exposed Individuals and Controlsa

Exposedb

Parameter

Controlsb

Number of subjects

86

43

Age (years)

39 . 8 .±. 19 . l

32.3 + 18.6

Black/wh1 te ratio
HCB plasma residues (ppb)
Range (ppb)
Percent positive
Percent >l ppb

1.0
2.4 + 2.3C
0-23
99
99

2.3
0.5
0-1.8
95
5

asource: Burns and Miller, 1975
bvalues are mean + 1 SD
CLevel for random sample only,
samples, N=83)

N=63 (3.6 + 4.3 for

HCB = Hexaclorobenzene
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random and biased

end-product repressor of 6-am1nolevu11n1c ac1d synthetase.

In hexachloro-

benzene-1nduced porphyr1a, &-am1nolevul1n1c acid synthetase is induced but
heme does

not

suppress

or

1nh1b1t

the enzyme.

The act1v1ty of uropor-

phyrinogen decarboxylase is decreased, consequently, porphyr1n and its precursors (e.g., uroporphyrinogen, coproporphyr1nogen and occas1onally series
I

porphyrins)

Increased

are excreted mainly

in

the

urine

but also

in

the feces.

levels of porphyrins also can be measured in the liver, skin,

intestinal tract and other tissues (Courtney, 1979).

PCT appeared to occur

more frequently in children 4-16 years of age, whereas the number of adults
and children under 5 years of age reporting PCT was much lower (10-24% of
cases were individuals over 15 years of age and <5% were children below the
age of 4).

A distinct disease described as

"pink sore" was observed in

children under 1 year of age and achieved an epidemic scale.

The clinical

symptoms were weakness and convulsions and usually death in children whose
mothers had clinical symptoms of PCT or who had ingested contaminated bread
during gestation and/or lactation.
milk of nursing mothers

suggested

hexachlorobenzene toxicity.

The presence of hexachlorobenzene in the
that p1nk sore was a manifestation of

The reviewer states that there was a 95% mor-

tality in these infants in addition to the very high incidence of stillbirths.
In a follow-up study, Cripps et al. (1980) examined 32 patients 20 years
after the onset.

Porphyr1ns were determined in urine and stool specimens of

29 patients and clinically significant porphyr1n levels were observed in 5
patients.
facies,

Clinical

features

hypertrichosis,

such as hyperp1gmentation, scarring, p1nched

enlarged

thyroid

present in about half of the patients.

12-34

and

distinctive

arthritis

were

A detailed follow-up study was also conducted with 161 Turkish patients
25 years after the initial hexachlorobenzene incident (Peters et al., 1982).
The patient group studied included some of the patients previously examined
(Peters et al., 1966).

Twenty-six patients were over 17 years of age at the

time of acute toxicity, whereas the average age of the remaining patients
was 7.1 years.

An evaluat1on of the clinical signs and symptoms is sum-

marized in Table 12-ll.
The chronic disease state was manifested by general1zed hyperpigmentation and hypertrichosis, scarring on the cheeks and hands, and tight sclerodermoid changes of the nose with perioral scarring.

The most striking clin-

ical features in those patients who developed signs of hexachlorobenzene
toxicity at an average age of 7 years consisted of painless arthritic
changes with osteoporosis of car pa 1, metacarpal and pha langea l bones and
atrophy or failure

to develop in the terminal phalanges.

In addition,

neurologic symptoms including weakness. paresthesias. myotonia, cogwheeling
and

painless

arthritic

changes

of

50-70% of the patients examined.

the

hands and

feet.

were observed

in

Since the signs and symptoms 20-25 years

later represented a continuum of signs and symptoms observed personally by
Peters and Gocmen ( 1959-1963), it was cone luded that the symptoms represented the effects of both hexachlorobenzene toxicity and changes caused by
the induced mixed porphyria.

Control patients from the :Villages inhabited

by

unaffected

these

patients

included

family

members

and

demonstrated

clearly the uniqueness of this disorder which allowed for ready identification of affected patients.

In addition the 60" incidence of large thyroid

tumors in the females proved a sharp contrast to the 5" incidence of thyroid
tumors

in

the geographical area.

No conclusions were drawn as
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to the

TABLE 12-11
C11n1cal S1gns and Symptoms 1n Humans 25 Years After Exposure to
Low Levels 1n HCB 1n Turkey, 1955-1959a

Clinical Signs/Symptoms

No. of Pat1ents
w1th Symptomsb

Percent

Porph~r1a--Neurolog1cal

Weakness
Paresthesias
Sensory shading
Nervousness
Myoton1a
11
Cogwheel1ng 11
Col1c
Const1pation
Recent red urine
Enlarged liver

( 161 )
( 161 )
(125)
(60)
(76)
( 125)
( 161 )
( 161 )
l7 ( 161 )
10 ( 161 )

117
89
75
39
35
34
84
31

73
55
60
65

46
27
52
19
11

6

Dermatolog1c
Hyperp1gmentat1on
Scarring
Hirsut1sm
P1 nched f aci es
Fragile sk1 n
Th~roid

( 161 )
( 161 )
( 161 )
( 161 )
( 161 )

78
83

64 ( 161 )
26 (98)
38 (63)

40
27
60

108 (161)
107 ( 161 )
74 ( 161 )

67
67
46

125
134
81
69
62

50

43
39

enlargement

Total
Men
Women
Orthoped1c and others
Arthritis
Small hands
Short stature
asource: Peters et al., 1982

bNumbers 1n parentheses represent total number of pat1ents exam1ned for
this symptom
HCB

= Hexachlorobenzene
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incidence of cancer and mortality.

Studies on these endpoints are st1l7 fn

progress and the length of time that has elapsed from the time of exposure
may not yet be adequate for drawing conclusions.
A boy and three women of the exposed individuals treated in the early

1960's with i.v. and/or oral edet1c acid (the metal chelat1ng agent EOTA)
showed no active symptoms when examined, and s.kin pigmentation and scarring
were much less severe than in most of the other patients.

Urine and/or

stool porphyrin studies showed that seven patients had clearly recognizable
increases in porphyrin levels (Table 12-12).
residue data are summarized in Table 12-13.

Clinical chemistry and milk
Percent &-aminolevulinic acid

values were found to be above the upper normal limit of 4 mg/i in 32 of 55
patients.

The average residue levels in human milk samples from Turkish

mothers with porphyria was 0.51.±,0.75 ppm; 0.16.±,0.23 ppm was found in milk
samples from nonporphyric but hexachlorobenzene-exposed mothers.
12.2.3.

Summary.

A few epidemiologic

studies with occupationally-exposed

workers have been reported, together wHh studies and surveys conducted in
Turkey and in the United States (i.e., Louisana), on the general population
following accidental exposure to hexachlorobenzene.

These studies qualita-

tively

but

support

the

response information.

toxicity

of

hexachlorobenzene

give

little dose

Biological monitoring of plasma levels show clearly

more hexachlorobenzene in plasma of exposed compared to non-exposed individuals although no biologically significant adverse health effects were seen
during the observation periods.
The exposure of humans to hexachlorobenzene in Turkey from 1955-1959
caused an epidemic of hexachlorobenzene induced PCT, also known as porphrya
turcica, which is manifested by disturbed porphyrin metabolism, cutaneous
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TABLE 12-12
Porphyr1n Levels tn Pattents and Controls*

Stool (µg/g dry we1ght
Coproporphyrtn

Ur1ne (µgill

Protoporphyrtn

Uroporphyrtn

Coproporphyr1n

Uroporphyrtn

Controls
__.

"'
w
I

CD

Turkey,
mean + SD
(N .. 33)

4.BO !. 3.2

7.65 !. 9.83

1.41 !. l . 57

30.0 !. 23.6

5.80 !. 4.25

UnHed States,
mean + SD
(No:40)

6.1 !. 4.7

21.1 !. 11.6

2.8 !. 2.7

69.0

9.0 ±. 4.0

Hexachlorobenzene-Ex~osed

.:!:.

27.0

Pattents

Pattents wtth acttve porphyr1a
(N=l5)

( l. 0-837. 6)

12 .19
(0.7-61.8)

25.8
(0.7-189.2)

174.5
(32.6-779.3)

Rema1nder
(N=146)

5.74
(0.5-4. 1)

9.02
(0-103.4)

1.19
(0-12.6)

31. 91
(0-198.4)

*Source: Peters et al., 1982

70 .14

111.4
(16-1607)
7.25
(0-29.5)

TABLE 12-13
Laboratory Test Results of Turkish Patientsa

Test

No. of
Abnormal
Resultsb

Normal Range

Patient Range

<4
<l
0.01-0.06
0.1-0.7

0.14-10.l
0.11-1.04
0.01-0.046
0.02-1.22

32 (55)
0 (56)
0 ( 31)
7 ( 31)

70-155
70-120
women, <120
men, <150
65-170
5-11

88-153
57-112
65-141
51-318
69-147
2.2-10.1

37-59

36-51. 1

1.85-6.5

0.9-4.6

0 (30)
9 ( 29)
1 (8)
4 ( 11)
0 (29)
women, 5
men, 2
women, 1
men, 1
women, 4
men, 0

Urine
6-Aminolevulinic acid, mg/l
Porphobilinogen, mg/t
Copper, ppm
Zinc, ppm
Serum
Copper, µg/dt
Zinc, µg/dl
Creatine kinase, units/t
Iron, µg/dt
Thyroid function tests
Thyroxine, µg/dl
Triiodothyronine uptake,
percent
Free thyroxine index

(10)
(9)

( 10)
( 9)

( l 0)
( 9)

Blood
Lead, erythrocyte, µg/dl
Uroporphyrinogen synthetaseC
Milk hexachlorobenzene, ppmd
Patients with porphyria
Patients without porphyria

<35
>20

0 ( 11)
5 (30)

2-17

12.4-34.8

NA
NA

0.51 (0-3.12)
0. 16 ( 0-1 . 26)

53 (56)
16 (77)

asource: Peters, et al., 1982
bNumbers in
analyzed.

parentheses

represent

total

number

of

patient

specimens

cvalues expressed in nanomoles formed per milliliter of RBCs per hour
dAllowable limit in United States for cow's milk is 0.02 ppm
NA

=

Not applicable
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les1ons and hyperpigmentation.
were fogested.

The authors estimated that 0.05-0.2 g/day

In children under l year of age, pink sore was observed as

well as 95% mortality in these infants.
Follow-up studies conducted with patients 20-25 years after the onset of
porphyria showed that a few patients still had acthe porphyria, whereas
>50% exhibited

hyperpigmentation scarring as well

as other dermatologic,

neurologic and skeletal features of hexachlorobenzene toxicity.

Hexachloro-

benzene residues were also found in the blood, fat or breast milk of some
patients.
A correlation was found between hexachlorobenzene levels in blood and
the number of years worked in a chlorinated solvents plant.

The concentra-

tion of urinary uroporphyrins and coproporphyrins in workers ranged from
and

1977.

An epidemiologic survey conducted with 86 residents in the vicinity

of

this

67-101

µg/~.

21-37

chlorinated

residues in plasma.

respectively,

solvents

plant

for

the

showed

period

elevated

between

1974

and

hexachlorobenzene

Higher levels of hexachlorobenzene residues were found

in males than in females, but these were not associated with race or food
consumption.
12.3.

MAMMALIAN TOXICOLOGY

12.3. l.

Acute Toxicity.

benzene was
spec1es.
ture:

Information on the acute toxicity of hexachloro-

limited to oral

The following L0

values determined with a few mammaHan
50
values were reported in the available literaLo

50
rats, 3500-10, 000 mg/kg; rabbits, 2600 mg/kg; ca ts, 1700 mg/kg; and

mice, 4000 mg/kg (IARC, 1979; NAS, 1977; Sax, 1979).
Graef et al. (1979) reported that hexachlorobenzene blocked the activity
of rat hepatic 3-hydroxysteroid dehydrogenase leading to the accumulation of
50-H-steroids, which are known inducers of porphyrin biosynthesi s.

Hexa-

chlorobenzene-induced porphyria has also been reported to occur as a result
12-40

of a deficiency in the uroporphyrinogen decarboxylation process that is
catalyzed by porphyrinogen carboxylase.

This enzyme is the only one in the

heme pathway that exh1bits a decrease in activity.

The inhibit1on of por-

phyrinogen carboxylase in liver homogenates from female Wistar rats with
severe porphyria induced by hexachlorobenzene was studied by Rios de Molina
et al.

(1980).

Hexachlorobenzene had no effect on enzyme activity at

10- 3 M, whereas pentachlorophenol caused a 90% inhibition at the same concentration.

However, pentachlorophenol did not inhibit the enzyme at a con-

centrat1on of 10- 5 H.

It was concluded that a concentration >10- 5 M of

pentachlorophenol, possibly together with other hexachlorobenzene metabolites, was needed to cause enzyme inhibition.
Hexachlorobenzene has also been reported
hepatic microsomal

enzymes

to induce the activity of

in male or female rats following subchronic

administration (Carlson, 1978; Carlson and Tardiff, 1976; Chadwick et al.,
1977).

Hexachlorobenzene produced a so-called "mixed-type" induction of

cytochrome P-450 content in female rats resembling that produced by a combination of phenobarbital (cytochrome P-450) and 3,4-benzopyrene (cytochrome
P-448)

(Goldstein et al., 1982; Debets et al., 1980a).

In female rats,

hexachlorobenzene increased the activities of 6-aminolevulinic acid synthetase

and

aminopyrine

demethylase

(Ariyoshi

et

al.,

1974).

ethoxy-

resorufin-0-deethylase, aminopyrine demethylase, aryl hydrocarbon hydroxylase, p-nitrophenol glucuronyl transferase, and NADPH-cytochrome c reductase
(Goldstein et al., 1982; Debets et al., 1980a).

Sim1larly, in male rats,

hexachlorobenzene increased the activities of hepatic ethyl morphine N- and
p-nitroanisol 0-demethylases, aniline hydroxylase, and UDP glueuronyl transferase (Mehendale et al., 1975), acetanilide hydroxylase, acetanilide esterase, procaine esterase, and arylesterase act1vities (Carlson et al .• 1979;
Carlson, 1980).
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12.3.2.

Subchron1c Tox1c1ty.

Several oral

subchron1c stud1es of

hexa-

chlorobenzene have been reported, but no stud1es were located on the effects
of hexachlorobenzene follow1ng inhalat1on.
chlorobenzene was found

In several an1mal spec1es, hexa-

to cause alopec1a and scabb1ng, decreased body

we1ght, 1ncreased liver and k1dney we1ghts and 1ncreased porphyrin levels 1n
the ur1ne and in several organs.

Histopatholog1c changes were noted 1n the

11ver and k1dneys of rats, gastr1c lymphoid t1ssue of dogs, and ovar1es of
monkeys.

When placed on untreated d1ets, rats were able to recover from

most of the toxic effects of hexachlorobenzene treatment.

Hexachlorobenzene

was also reported to cause certa1n neurologic effects (atax1a, paralysis,
etc.) on rats, m1ce, hamsters and female beagles, and to 1nduce an 1ncrease
1n hepatic microsomal enzyme activity.

Toxicity data for hexachlorobenzene

can be found in Table 12-14.
Iatropoulos et al. (1976) reported that five adult female rhesus monkeys
g1ven daily gavage treatments of hexachlorobenzene suspended 1n 1% carboxymethylcellulose at 8, 32, 64 or 128 mg/kg/day for 60 days, showed extensive
morphologic changes in the ovar1es.

These changes were dose-related.

Subchronk stud1es conducted by Koss et al. (1980a) w1th groups of four
female rats treated orally {probably by gavage) w1th 100 mg/kg of hexachlorobenzene 1n olive 011 every other day, suggested that hexachlorobenzene
metabol1tes covalently bind to cytosol1c proteins although no binding to
uroporphyrinogen decarboxylase was specifically demonstrated.
Elissalde and Clark (1979) reported a sign1f1cant 1ncrease in the .1.!!.
v1tro metabolism of

3

H-testosterone by liver microsomes from male mice fed

diets containing 250 mg hexachlorobenzene/kg for 21 days.

In add1t1on,

decreases in the concentration of testosterone in the serum and in the
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TABLE 12-14
Surrrnary of Tox\clty Stud\es on Hexachlorobenzene
Spec\es
Rat
(females)
Rat

Route
oral
oral
(d\et)

Dose

Durat\on

Effects

Reference

100 mg/kg every other
day

up to 43 days

Suggested covalent b1nd1ng of hexachlorobenzene
metabol1tes to cytosol1c prote1ns

Koss et al.,
1980a

0.5 mg/kg/day

15 weeks exposed and
held to 48 weeks

Trans1ent \ncreases 1n 11ver porphyr1n levels
1n females after term1nat1on of exposure

Ku1per-Goodman
et al., 1977

2.0 mg/kg/day

15 weeks exposed and
held to 48 weeks

Increases 1n 11ver porphyr1n levels 1n females
after term1nat1on of exposure, 1ncreased s\ze
of centr1lobular hepatocytes

8.0 mg/kg/day

15 weeks exposed and
held to 48 weeks

Increased l\ver we\ghts, \ncreased l\ver,
k\dney and spleen porphyr\n levels \n females
(porphyr1a), centr\lobular l\ver les1ons espec\ally 1n females at 48 weeks

32.0 mg/kg/day

15 weeks exposed and
held to 48 weeks

Increased mortal1ty \n females, 1ntens1on
tremors 1n males and females and atax1a 1n a
few females, 1ncreased 11ver, k1dney and
spleen we1ghts, 1ncreased 11ver, k1dney and
spleen porphyr1n levels 1n females (porphyr1a),
centr1lobular 11ver les1ons and splenomegaly

Rat
(females)

oral
(gavage)

50 mg/kg every other
day

15 weeks

Increased 11ver, k1dney, spleen and adrenal
we\ghts, porphyr1a (1ncreased 11ver porphyr1n
levels and 1ncreased excret1on of porphyr1ns
and precursors), tremors, ha1r loss and sk1n
les1ons

Koss et al.,
1978b

Rats
(females)

oral
(gavage)

0.5 mg/kg tw\ce
weekly

29 weeks

Increase 1n relat1ve 11ver we1ght

Boger et al.,
1979

2.0 mg/kg tw\ce
weekly

29 weeks

Increase 1n relat1ve 11ver we\ght, moderately
enlarged hepatocytes

8.0 mg/kg tw\ce
weekly

29 weeks

Porphyr1a, markedly enlarged hepatocytes,
1ncrease 1n relat1ve 11ver we\ght

32.0 mg/kg tw1ce
weekly

29 weeks

Porphyr\a, markedly enlarged hepatocytes,
1ncrease 1n 11ver we1ghts

100 mg/kg d1et

98 days

Porphyr1a (1ncreased 11ver lobe porphyr1ns),
decreased act1v1ty of uroporphyr1nogen
decarboxylase

Rat
(females)

oral
(d\et)

Sm1th et al.,
1980

TABLE 12-14 (cont.)
Spec1es
Rat

-'
N
I

.p.
.p.

Route
oral
(d\et and
nurs1ng)

Dose

Durat\on

Effects
Depressed res1stance to .!..· monocytogenes and
sp1ral1s, enhanced thymus-dependent ant1body
response

SO mg/kg d\el

gestat1on unt11
5 weeks of age

150 mg/kg d1et

gestat1on unt1l
5 weeks of age

Increased serum IgM and lgG, depressed reststance to l· monocytogenes and I· sp1ral1s,
enhanced thymus-dependent anttbody response,
tncreased 11ver and adrenal wetghts

I·

Reference
Vos et al.,
1979b

Rat

oral
(dtet)

500, 1000 or 2000
mg/kg d1et

3 weeks

Dose-related tncreases tn relat1ve spleen,
lymph nodes, 11ver, adrenals, thyro1d, testes
and ktdney we\ghts, dose-related tncrease 1n
serum IgM levels, no change 1n serum lgG
levels, dose-related patholog1cal changes \n
11ver, lymph nodes and spleen

Vos et al.,
1979a

Rat

oral
(d1et)

2000 mg/kg d\et

10 weeks

Porphyr\a found m\croscop\cally at 5 weeks and
grossly at 10 weeks us1ng fluorescence

Gralla et al.,
1977

Rat
(male)

oral
(d1et)

2000 mg/kg d1et

100 days

Elevated hepat\c enzymes by 1 week and 1ncreased
ur\nary porphyr\n and ALA levels (porphyr\a) as
early as 40 days

L1ssner
et al., 1975

Rat
(female)

oral
(d1et)

3000 mg/kg d1et

11 weeks

Decreased uroporphyr1nogen decarboxylase
act1v1ty and porphyr1a after 4 weeks

Elder et al.,
1976

Rat
(female)

oral
(gavage)

50, 100 or 200 mg/kg

120 days

Dose- and t1me-dependent 1ncrease 1n 11ver and
ur1ne porphyr1ns (porphyr1a)

Carlson, 1977b

Rat

oral
(gavage)

14 mg/kg every other
day

103 days

Porphyr1a 1n treated females, suscept1b111ty of
females to porphyr1a may be related to estrogen
levels

R1zzard1n1 and
SmHh, 1982

Rat
(females)

oral
(gavage)

100 mg/kg every
other day

6 weeks exposed and
held for add1t1onal
18 months

Porphyr1a (11ver uroporphyr1n levels peaked 7
months postexposure and levels had not returned
to normal by 18 months), decreased 11ver protoporphyr1n and coproporphyr1n levels, 1nh1b1t1on
of uroporphyr\nogen decarboxylase act1v1ly
unl11 18 months postexposure

Koss et a1.,
1983

Rat
(females)

oral
(d1et)

6-8 mg/kg/day

75-90 weeks

Decl1ne 1n body we1ghts, porphyr1a, enlarged
11vers and 11ver tumors

Sm1th and
Cabral; 1980

Rat

oral
(d1et)

75 mg/kg d\et
(4-5 mg/kg/day)
150 mg/kg d1et
(8-9.5 mg/kg/day)

up to 2 years

Porphyrta, t1me-related appearance of severe
hepat\c and renal patholog1es, after l year 1ncreases 1n hepatomas, hepatocarc1nomas, b1le duct
adenomas, renal adenomas and renal carclnomas

Lambrecht et
al., 1983a,b

TABLE 12-14 (cont.)

Species
Rat

_,

Rat

Route

Dose

Ourat1on

Effects

Reference
Arnold et al.,
1985

oral
(d1et)

0.32, 1.6, 8.0 or
40 mg/kg diet

-130 days

Hematolog1cal changes at all dose levels in
males, 1ncreases in 11ver and heart we1ghts 1n
males at 8.0 and 40 ppm d1ets, no treatmentrelated effects observed 1n bred females

oral
(d1et and
nurs1ng)

0.32 or 1.6 mg/kg
d1et

gestat1on through
11fet1me (130 weeks)

Glycogen deplet1on 1n 1.6 mg/kg males; no
effects reported at 0.32 mg/kg

8.0 mg/kg d1et

gestat1on through
11fet1me (130 weeks)

Increase 1n 11ver patholog1es

40 mg/kg d1et

gestat1on through
11fetime (130 weeks)

Increased mortal1ty as pups, 1ncrease 1n liver
and kidney patholog1es, 1ncrease 1n adrenal
pheochromocytomas 1n females and parathyroid
tumors 1n males

10 or 20 mg/kg diet

Fo to F4 generat1ons

No effects reported

40 mg/kg d1et

Fo to F4 generations

Increases 1n 11ver we1ghts and an111ne
hydroxylase act1v1ty

80 mg/kg d1et

fo to F4 generat1ons

Decreased body we1ghts, F3 and F4 generat1ons had
decreased lactat1on 1ndex and postnatal v1ab111ty
and 1ncreased st1llb1rths

160 mg/kg d1et

Fo to F4 generat1ons

Increased mortal1ty and decreased lactat1on
1ndex start1ng 1n F1 generat1on

320 and 640 mg/kg
d1et

Fo to F4 generat1ons

20 and 50% mortal1ty 1n Fo 320 and 640 mg/kg
groups, respect1vely, greatly reduced fert111ty
1ndex and litter s1ze and increase 1n st111b1rths, viab111ty 1ndex zero 1n F1

oral
(d1et)

N
I
~

t.11

Grant et al.,
1977

Rat

oral
(d1et)

60, 80, 100, 120 or
140 mg/kg d1et

Fo to F1a and f 1b
generat1ons

Increased mortal1ty 1n all groups at 21 days,
21-day LD50 values for pups were 100 and 140
mg/kg for F1a and F1b generat1ons, respect1vely

Kitchin
et al., 1982

Rat

oral
(d1et)

0 or 80 mg/kg d1et

gestat1on and
nursing or cross
nursed with controls

Nurs1ng exposure produced greater effects than
d1d gestat1onal exposure, effects noted were:
smaller bra1ns, hearts, k1dneys and spleens,
1ncreased 11ver we1ghts

Mendoza
et al., 1978

Rat

oral
(d1et)

80 mg/kg d1et

2 weeks pr1or to
mating to 35-36 days
after wean1ng

Increased porphyr1n levels and decreased 11ver
esterase act1v1ty 1n dams, no changes 1n
gestat1on 1nd1ces or neonatal survival

Mendoza
et al., 1979

TABLE 12-14 (cont.}
Spectes

....
N
I

Route

Dose

Duratton

Effects

Rat

oral
(gavage)

10, 20, 40, 60, BO
or 120 mg/kg

days 6-21 of gestatton

Haternal tox1c1ty (we1ght loss, tremors and
convuls1ons) and reduced fetal we1ghts at 120
and BO mg/kg maternal doses, dose-related 1ncrease 1n 1nc1dence of un11ateral and b11atera1
14th r1b, sternal defects were also noted 1n
one exper1ment

Khera, 1974

House

oral
(d1et)

2.5, 25 or 250
mg/kg d1et

21 days

Dose-related 1ncrease 1n 11ver and decrease 1n
prostate and sem1na1 ves1cle we1ghts, doserelated alterat1ons 1n testosterone metabol1sm,
altered hepattc enzyme levels

El1ssalde and
Clark, 1979

House
(male)

oral
(d1et)

10 mg/kg d1et (B.4
(mg/mouse/24 weeks)
or 50 mg/kg d1et
(35.3 mg/mouse/
24 weeks)

24 weeks

Dose-related reduct1on 1n we1ght ga1n, no tumor
pathology observed

Sh1ra1 et a 1.,
197B

House
(male)

oral
(d1et)

167 mg/kg d1et

3-6 weeks

Impa1rment 1n host res1stance as measured by
1ncreased sens1t1v1ty to ~. typhosa and ~·
bergher1, and decrease 1n IgA levels

Loose et a 1.,
197Ba,b

House

oral
(d1et)

6, 12, 24 and 36*
mg/kg/day

101-120 weeks
*(15 weeks exposed
held unt11 120
weeks)

Reduced growth rate at all dose levels, shortened 11fespan assoc1ated w1th tremors and convuls1ons 1n 24 and 36 mg/kg/day groups, dosedependent 1ncrease 1n 11ver-cell tumors 1n the
12, 24 and 36 mg/kg/day dose groups

Cabral et al.,
1979

House

oral
(gavage)

100 mg/kg/day to
pregnant m1ce

days 7-16 of
gestat1on

Increased maternal 11vers and decreased fetal
body we1ghts, 1ncreased 1nc1dence of abnormal
fetuses per 11tter observed

Courtney
et a1., 1976

Hamster

oral
(d1et)

200 or 400 mg/kg
d1et

90 days

Prec1rrhot1c and c1rrhot1c hepat1c les1ons,
b1le-duct hyperplas1as and hepatomas

Lambrecht
et al., 19B2

Hamster

oral
(d1et)

4, B or 16 mg/kg/day

l Hespan

Shortened 11fespan 1n 16 mg/kg/day group, 1ncrease 1n hepatomas at all dose levels, 1ncrease
1n 11ver haemang1oendothe11oma 1n males and
females and an 1ncrease 1n thyro1d alveolar
adenomas 1n males 1n 16 mg/kg/day group

Cabral et al.,
1977

Cats
(breed1ng
females)

oral
(d1et)

3 or 8.7 mg/day/cat

142 days

We1ght loss and 1ncreased d1sease suscept1b111ty
1n bred females, dose-related decrease 1n 11tter
s1ze and surv1val of offspr1ng, hepatomegaly 1n
offspr1ng

Hansen et al.,
1979

~

a>

Reference

TABLE 12-14 (cont.)

Spec1es

_,

"'_,
I

Route

Durat1on

Dose

Effects

Reference

H1nks

oral
(d1et)

l or 5 mg/kg d1et

durlng gestat1on
unt11 17 weeks of
age

Dose-related 1ncrease 1n offspr1ng mortal1ty,
1nduct1on of hepat1c HFO enzymes 1n exposed
offspr1ng

Rush et al.,
1983

Dog
(female)

oral
(capsule)

50 or 150 mg/kg/day

21 days

L1ver and hepatocyte enlargement, dose-1nduced
electroencephalogram dysrhythm1as

Sundlof
et al., 1981

Dog

oral
(capsule)

l, 10, 100 or 1000
mg/day/dog

l year

Increase 1n mortal1ty, neutroph111a, and
anorex1a ln the 100 and 1000 mg dose groups,
dose-related nodular hyperplas1a of gastr1c
lympho1d t1ssue 1n all treated an1mals

Grall a et al.,
1977

Monkey
(female)

oral
(gavage)

8, 32, &4 or 128
mg/kg/day

&O days

Dose-related pathology 1n l1ver, k1dney, ovar1es
and thymus

Iatropoulus
et al., 197&

Monkey

oral
(nurs1ng)

7.51-18& ppm m1lk

&O days

2 of 3 1nfants d1ed as a result of exposures

Ba1ley et al.,
1980

~

we1ghts of sem1nal

ves1cles and ventral

prostates were reported.

Hexa-

chlorobenzene was also reported to cause certa1n neurologic lesions in male
and female rats, hamsters and mice fed d1ets contain1ng varous levels of
hexach 1orobenzene for 13 weeks.

These included hyperem1a, edema, arbor 1za-

t 1on and hemorrhages 1n the brain and meninges.

The les1ons extended to the

cerebrum, cerebellum, medulla, spinal cord and their meninges.

The severity

of these les1ons was higher 1n males and was dose dependent in both sexes
(Headley

et

al.,

1981).

Physiolog1c

changes

(electroencephalogram dys-

rhythmias) in the central nervous system were reported in 10 female beagles
receiv1ng gelat1n capsules conta1n1ng doses of 50 or 150 mg/kg of hexachlorobenzene for 21 days (Sundlof et al., 1981).
Ku1per-Goodman

et al.

{1977)

conducted a 15-week subchron1c feeding

study wherein groups of 70 male and 70 female COBS rats were fed d1ets prov1ding O,

0.5,

2,

8 or 32 mg/kg bw/day of hexachlorobenzene or1g1nally

d1ssolved 1n corn oil (5%} and m1xed with the feed.

Female rats were more

susceptible to hexachlorobenzene than males, as indicated by all the parameters studied, and a NOEL of 0.5 mg/kg/day was suggested by the authors.
This NOEL may be better 1nterpreted as a NOAEL since a transient 1ncrease in
liver porphyrin levels was observed in females 4 weeks after removal from
hexachlorobenzene.

The 2 mg/kg/day dose may be 1nterpreted as a LOAEL since

this level caused 1ncreases in liver porphyrin levels in females even 33
weeks after removal from hexachlorobenzene, and increases in the relat1ve
observed severity of centrilobular
rats.

11ver

lesions as compared to control

About 40% mortality occurred in females, but none in males at the

highest dose.

Clinical signs included 1ntention tremor, excess1ve irrita-

b1lity, multiple alopec1a, scabbing and atax1a, with hind leg paralys1s at
the highest dose.

There was a s1gnificant 1ncrease in nver and kidney
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weights at the higher doses.

An increase in liver weight was also found in

groups of 36 female Wistar rats treated by gavage twice weekly with hexachlorobenzene dissolved in olive oil at 32 mg/kg for 29 weeks (Boger et al.,
1979).

Similarly, Koss et al. (1978b) reported a 1.5- to 2-fold increase in

the weights of the liver,

spleen,

kidneys and adrenal glands from female

Wistar rats treated orally (esophageal tube) with 50 mg/kg of hexachlorobenzene dissolved in corn oil every other day for 15 weeks.

When hexachloro-

benzene-treated rats were placed on untreated diets, they no longer showed
signs of hexachlorobenzene toxicity, such as dermal

lesions, and body and

organ weights returned to nor ma 1 (Kuiper-Goodman et a 1., 1977; Koss et a 1.,
1978b).

Enlarged

livers were reported

in subchronk studies with female

beagles (Sundlof et al., 1981) and male mice (Shirai et al., 1978) administered hexachlorobenzene in diet.
A dose-dependent enlargement of hepatocytes was observed 1n groups of 36

female Wistar rats receiving gavage treatments of olive oil containing hexachlorobenzene

(99.83 pure)

0.5,

weeks (Boger et al., 1979).

2.0,

8.0 and 32 mg/l<g tw1ce weekly for

29

This effect was associated with the prolifera-

tion of the smooth endoplasmic reticulum in the centrilobular area, and an
increase in glycogen deposits; however, animals receiving 0.5 mg/kg did not
develop enlarged hepatocytes.
treated
enlarged

animals
and

had

were

noted

irregular

In addition, atypical membrane complexes in
and

liver-cell

shapes.

mitochondria

Kuiper-Goodman

reported significantly enlarged hepatocytes

et

were
al.

moderately
(1976)

also

in male and female COBS rats

receiving hexachlorobenzene in diets, containing 5% corn oil, at the 8.0 and
32.0 mg/kg bw dose levels for 15 weeks.
enlargement

consisted

endoplasmic

reticulum.

to

a

large

In males

They observed that this hepatocyte

degree
this

of

proliferation

proliferation was

of

the

smooth

often associated

with large whor 1 s of compacted membranes surrounding 1 i pi d droplets.
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The

nucle1 of enlarged hepatocytes were also enlarged while the m1tochondr1a
were very small and sparse.

They stated that th1s prol1ferat1on of smooth

endoplasm1c ret1culum was related to the increased drug metabol1z1ng enzyme
act1v1ty of the 11ver and was cons1dered an adapt1ve rather than tox1c
response

to the hexachlorobenzene,

morphology

returned

to

normal

since the enzyme act1v1ty and liver

after

exposures

were

d1scont1nued.

An

1ncrease 1n the size of centrilobular hepatocytes was also reported in male
and female rats receiving 2 mg/kg/day for 15 weeks. together w1th his topatho logic changes in the spleen (Kuiper-Goodman et al., 1977).
Nodular hyperplasia of gastric lymphoid tissue was reported in groups of
6 male and 6 female beagles receiving daily gelatine capsules containing 1,
10, 100 and 1000 mg hexachlorobenzene/dog/day for 12 months (Gralla et al.,
1977).

Extens1ve dose-related histopathologic changes were also observed in

ovaries from groups of two rhesus monkeys given daily methyl cellulose/
distilled water solutions containing doses of 8, 16, 32, 64 or· 128 mg hexach1orobenzene/kg of body weight by gavage for 60 days (Knauf and Hobson,
1979; Iatropoulas et al., 1976).

Shirai et al. (1978) conducted a 24-week

study with male mice fed diets containing 10 or 50 ppm of hexachlorobenzene,
followed by a recovery period of 14 weeks.

Histologic examination revealed

no pathologic changes in the liver or any other organ.
Lambrecht et al. (1982) fed male and female Syrian golden hamsters hexachlorobenzene at doses of O, 200 and 400 ppm in their diet for 90 days.

The

hamsters were killed on day 91 and at 6-week intervals through day 361.

No

differences were seen in growth and food consumption between control and
exposed animals.

The liver was reported as the most severely affected organ

exhibiting a variety of precirrhotic and cirrhotic lesions, bile-duct hyperplasias and hepatomas.

The incidence of neoplasms found in this study will

be further discussed in Section 12.3.5.
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Hexachlorobenzene has been found to cause 1ncreased porphyr1n levels 1n
the liver of male and female rats receiv,ng the compound incorporated into
the diet at doses of 8 and 32 mg/kg/day for 15 weeks (Kuiper-Goodman et al ••
1977).

Koss et al. (1978b) reported that female rats treated orally with 50

mg hexachlorobenzene/kg every other day for 15 weeks still showed increased
levels of porphyr'n in the liver. 38 weeks after the last treatment.
addition.

porphyrin.

In

acid, and porphobilinogen levels in

~-aminolevulinic

the urine gradually increased during the 15-week treatment period, but subsequently decreased to normal levels.

Smith et al. (1980) reported that the

lobes of livers from female Agus rats fed diets containing 0.01% hexachlorobenzene developed porphyria at different rates.

During the initial course

of treatment. porphyria, in the caudate lobe developed at a significantly
slower rate than the median. left or right sections of the liver. but eventually. all lobes became equally porphyric.
observed when viewed for

hepatic fluorescence of porphyrins

female beagle dogs treated daily with
year {Gralla et al., 1977).
rats

fed

0.2%

In contrast. porphyria was not

o.

in male and

1. 10. 100 or 1000 mg/dog/day for 1

Gralla et al. (1977) observed that female CO

hexachlorobenzene

were

porphyric

using

th1s

fluorescence

method.
Rizzardini and Smith (1982) clearly confirmed that female rats are more
susceptible to hexach lorobenzene-induced porphyria than are ma le rats. and
that

this

difference

in

susceptibility

is

probably associated with

faster metabolism of hexachlorobenzene in females.

the

They intubated male and

female F344/N rats every other day for 103 days with 14 mg/kg (50 µmole/
kg) hexachlorobenzene dissolved in arachis oi 1 and monitored the rats for
hexachlorobenzene metabolites and porphyrin levels.

The results indicated

that after 75 days of hexachlorobenzene treatment the excretion of urinary
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porphyr1ns 1ncreased rap1dly 1n the females and after 103 days the females
had ur1ne and 11ver porphyr1n levels 40- and 310-fold higher, respectively,
than did the males.
excrete

greater

Dur1ng this treatment period the females were found to

quantities

pentachlorothiophenol,

of

hexachlorobenzene metabolites,

than the males.

especially

Estrogen levels seem to play an

important part in the 1ncreased susceptibility of females to hexachlorobenzene-induced porphyria.

When both male and female rats were pretreated

intraperitoneally with four

doses of 20 µmole/kg of diethylstilboestrol

di propionate (an estrogenic drug), both sexes had stimulated excretion of
hexachlorobenzene metabolites.
A better

understanding

of

provided by Koss et al. (1983).

hexachlorobenzene-induced

porphyria

was

These researchers administered every other

day for 6 weeks, through stomach tube, 100 mg/kg hexachlorobenzene dissolved
in olive oil to female Wistar rats and then observed the rats for an additional 18 months.

The rats were evaluated during both the exposure period

and the 18-month holding period for l1ver hexachlorobenzene levels, levels
of liver porphyrins, and the activity of liver uroporphyrinogen decarboxylase.

The results revealed a rapid increase in hexachlorobenzene liver

levels which reached a plateau after 10 days of treatment and remained
constant until exposure was terminated at 6 weeks.

The levels of liver

hexachlorobenzene then decreased over time with no valid biological halflife
determinable.

The liver porphyrin levels, however, started to rise slightly

after 3 weeks of hexachlorobenzene exposure and reached a maximum liver
porphyrin concentration -7 months after the exposures had ceased (Table
12-15).
after

The liver porphyrin levels decreased to a constant level -14 months
ceasing hexachlorobenzene exposures.

At

18 months after ceasing

exposures, the treated rats liver porphyrin levels were still substantially
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TABLE 12-15
Porphyrin Content and Uroporphyrinogen Decarboxylase Activity
in the Liver Cytosol of Female Rats Pretreated with 100 mg/kg HCB
Every Other Day for 6 Weeksa

Time After the
End of Treatment

Porphyrin Content
(nmol/6 ml cytosol)b

1 day

14

+

Enzyme Activity
(pmol • mg- 1 • min-i)c

3d

7 months

133 ±. 15

ND

14 months

9 ±. 6

NO

18 months

B

Controls

0.06

±. 5
+

0.04

o.3 ±. o.2d
0.5 + 0. 1

asource: Koss et al .• 1983
b6 mt cytosol correspond wlth 1 g llver tlssue
Cpmol coproporphyrlnogen I (determlned as coproporphyrin) formed from uroporphyrinogen I in 1 min by 1 mg cytosol protein
dMean C:!:. SD) of three or four anima 1s ·
eNo = Not detectable. The lower detection limit was determined at 0.02
pmol • mg- 1 • min- 1 coproporphyrin
HCB

=

Hexachlorobenzene
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h1gher than the levels in control rats.

The distribution pattern of the

liver porphyrins was observed to be changed as early as after the second
hexachlorobenzene administrat1on.
11ver

uroporphyrin

levels

and

The observed changes were increases in
decreases

in

11ver

protoporphyrin

and

coproporphyrin levels.

The change 1n porphyrin patterns was traced to the

decreased

uroporphyrinogen

activity

of

decarboxylase

activity which was

found to be undetectable at the end of the 6-week exposure period and the .
act1vity did not become detectable again until 18 months postexposure (see
Table 12-15).

These data

led the investigators

(Koss et al.,

1983)

to

propose that there are four phases of hexachlorobenzene-induced porphyria:
During the first phase an almost constant content of hexachlorobenzene and a gradual decrease of uroporphyrinogen decarboxylase activity is achieved. In the second phase a noticeable accumulation of porphyrins and a practically complete inhibition of
decarboxylase activity are conspkuous. In the third phase, which
occurs after hexachlorobenzene administration has been discontinued, a further accumulation of porphyrins and a continuing inhibition of uroporphyrinogen decarboxylase activity can be seen, even
after extensive elimination of hexachlorobenzene.
During the
fourth phase a decrease in porphyrin content and a return of
decarboxylase activity are clearly observable.
A possible reason for the continued inhibition of uroporphyrinogen decarboxylase activity,

even after substantial elimination of hexachlorobenzene

has occurred, was also discussed in this report.

Koss et al. (1983) pre-

sented the scenario that once hexachlorobenzene had caused an inhibition of
uroporphyrinogen decarboxylase activity and increased liver porphyrin levels
that the accumulation of porphyrins could themselves maintain the inhibition
of the enzyme activity.
Hexachlorobenzene pretreatment has been reported to cause altered immune
responses.

Vos et al.

(1979b) studied the effect of hexachlorobenzene on

the immune system after combined pre- and postnatal exposure.
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Wistar rats

'wlere

fed

d\ets

conta\n\ng

nancy and lactation.

50

or

150 µg/kg

hexachlorobenzene

during preg-

The pups were weaned after 3 weeks and continued on

the test diets until 5 weeks of age, when their immune system was functionally assessed.

At

the highe·r

dietary

level.

hexachlorobenzene caused a

statistically signficant increase in serum IgM and IgG concentrations.
Hexachlorobenzene treatment also caused a decreased resistance to infection with listeria monocytogenes
were

reported

to

be

14xl0 5

(Vos et al.t

7.lxl0 5

,

and

l979b).

5.0xl0 5

The LD

bacteria

values
50
in pregnant

Wistar rats receiving diets containing 0, 50 and 150 mg/kg, respectively.
Similarly, decreased resistance of Trichinella spiralis infection, as indicated by an increase in the number of larvae found in muscle tissue, was
noted.

Hexachlorobenzene

response to

L..

also

enhanced

the

thymus-dependent

spiral1s antigen and to tetanus toxoid.

antibody

No effects were

observed on allograft rejection, mitogenic response of thymus and spleen
cells,

thymus-independent

IgH

response

to

Escherichia

coli

lipopolysac-

charide. passive cutaneous anaphylaxis. and on the clearance of carbon particles and .L_ monocytogenes.
suppressed cellular

The authors cone 1uded that hexach l orobenzene

immunity and enhanced humoral

immunity in both

test

groups.
In contrast,

hexachlorobenzene pretreatment of weanling rats did not

alter their cell-mediated immunity, but did stimulate their humoral immune
response and enhanced the in vitro responsiveness of spleen cells to different mitogens, which was mainly a result of an increase in the number of
splenic

lymphocytes.

chlorobenzene/g for

The

rats

received

diets

containing

1000 µg

hexa-

3 weeks after weaning, before assessing their immune

system (Vos et al., l979a).
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Loose et al.

(1978a,b)

found

that hexachlorobenzene pretreatment also

resulted in impaired host res1stance.

Hale BALB/c m1ce received d1ets con-

ta1ning 167 µg hexachlorobenzene/g for 3 or 6 weeks before assessing the1r
1mmune funct1ons.

The concentrat1on of

IgA was

s1gn1f1cantly decreased,

whereas those of IgG and IgH d1d not exh1b1t cons1stent sign1f1cant alterat1ons as compared wHh
more

sensH1ve

Hexachlorobenzene-treated m1ce were

to gram-negat1ve endotox1n

res1stance

decreased

the controls.

to

a

malar1a

(Salmonella

challenge

typhosa),

(Plasmod1um

showed a

berghe1),

and

exh1b1ted s1gnf1cantly depressed ant1body synthes1s.
12.3.3.

Chron1c Tox1c1ty.

Cabral et al. (1977) stud1ed the tumor1gen1cHy

of hexach 1orobenzene 1n 6-week-o l d Syr 1an golden hamsters g1ven O,

50 ( 4

mg/kg/day), 100 ( 8 mg/kg/day) and 200 ( 16 mg/kg/day) ppm hexach lorobenzene
1n

the1r

d1ets

for

the1r

rema1n1ng

11fespan.

Shortened

11fespan

was

observed 1n the male and female 200 ppm dose groups after 70 weeks of exposure

along

1ncreased by
12.3.5.

w1th

marked

we1ght

reduct1on

1n

the

males.

Neoplasms

the hexachlorobenzene exposures and are reported

were

1n Sect1on

No other patholog1es were reported 1n th1s study.

Cabral et al. (1979) stud1ed the tumor1gen1c1ty of 6- to 7-week-old male
and female outbred Sw1ss m1ce given 0, 50 (6 mg/kg/day) 100 (12 mg/kg/day)
and 200 (24 mg/kg/day) ppm hexachlorobenzene for 101-120 weeks and 300 ppm
( 36 mg/kg/day) hexach 1orobenzene for 15 weeks and held un t 11 120 weeks of
age.

Results indicated that shortened lifespan occurred in the 200 and 300

ppm dose groups

starting after

the 30th week of

the test and

reduced surv1val was associated with tremors and convulsions.

that

th1s

Reduction in

the rate of growth was observed 1n female m1ce 1n the 50, 200 and 300 ppm
dose groups and more pronounced growth rate reduction was observed 1n male
m1ce in the 100, 200 and 300 ppm dose groups.
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An increase 1n neoplasms were

found as a result of hexachlorobenzene exposures and are discussed 1n
Section 12.3.5.

No other pathologies were reported in this study.

Smith and Cabral (1980) fed young female Agus or MRC Wistar rats 100 ppm
(6-8 mg/kg/day) hexachlorobenzene in a diet containing 2% arachis oil for 90
weeks.

Hexachlorobenzene exposure resulted in a slower rate of body weight

gain over the study period and 1n the exposed rats possessing less hair than
the controls.
study.

Tremors or other nervous symptoms were not seen during this

Onset of porphyria was observed in the hexachlorobenzene rats after

-3 months, as indicated by urines fluorescing red under UV light, and liver
porphyria was confirmed at autopsy by a red fluorescence of the liver.

The

livers were enlarged 2-fold in the hexachlorobenzene-exposed females and
were associated with multiple liver cell tumors.

Th1s neoplastic incidence

will be discussed in Section 12.3.5.
Male and female Sprague-Dawley rats were fed hexachlorobenzene diets for
2 years conta1n1ng 0, 75 or 150 ppm hexachlorobenzene (Lambrecht et al..
1983a,b).

Four rats per group were killed at weeks 0, l, 2, 3, 4, 8, 16,

32. 48 and 64 of the study and liver and kidney evaluations were made.
T1mes of appearance of lesions were as follows:

4 weeks -- hepatic hyper-

emia, edema, parenchymal and hydropic degenerat1on, renal hyperem1a, congestion, swell1ng and parenchymal degenerations; 32 weeks -- renal tubular
nephritis with hyaline casts, severe parenchymal degeneration, epithelial
necrosis accompanied by proximal convoluted tubular regeneration. and preneop las tic foci; and 36 weeks -- hepatic preneoplastic foci; and 64 weeks
hepatic neoplasms and renal neoplasms.
further discussed in Section 12.3.5.
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The 1ncidence of neoplasms wnl be

A two-generation hexachlorobenzene (analytical grade) feeding study was
conducted using Sprague-Dawley rats fed diets containing O (64 males, 64
females}, 0.32 (40 males, 40 females), 1.6 (40 males, 40 females). 8.0 (40
males, 40 females), or 40.0 (66 males, 66 females} ppm hexachlorobenzene
The parental rats (F 0 ) rece1ved their respective
test diets for 90 days before mating and until 21 days after parturition (at
(Arnold et al., 1985).

weaning}, at which time they were killed and evaluated for hexachlorobenzene-induced effects.

The number

of

offspring

(F 1 generation)

from

these matings were reduced to 50 males and 50 females per dose group at 28
days of age and fed their respective parents• diets.

Thus, the F animals
1
were exposed to hexachlorobenzene and metabolites ln. utero, from maternal
nursing and from their diets for the remainder of their lifetime (130 weeks).
The results

from

this

two-generation

study

indicated no consistent

treatment-related effects upon growth or food consumption in either generation and

no change

in

fertility,

gestation

or

lactation

indices.

A

decreased viability index was noted in the 40.0 ppm group relative to controls.

No treatment-related effects were found in the F females. The
0
F0 males were found to have significantly increased liver, heart and brain
absolute weights in the 8.0 ppm group and significantly increased liver and
heart absolute weights in the 40.0 ppm group.

The F males were observed
0
to have various statistically significant changes in hematological param-

eters at all dose levels, but the authors felt that these changes were probably not biologically significant.
tion

and are discussed

Neoplasms were seen in the F genera1
in Section 12.3.5.
In the F1 generation the

following changes were seen:
l} Centrilobular basophilic chromogenesis showed a significant
dose-related trend in both males and females. Additionally, at
doses of 8.0 and 40.0 ppm the increases were significant in
comparison with controls for both males and females.
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2) Increases
'n per,b'1iary
lymphocytosis
were
statistically
significant 1n the 0.32. 1.6 and 40.0 ppm male groups. wh'1e
increases in peribiliary fibrosis were statistically significant
in the 0.32 and 40.0 ppm male groups.
3) Increases in severe chronic nephros is were observed which were
dose related. but statistically significant relative to controls
only for the 40.0 ppm male dose group.
In a second study conducted by Arnold et al.

(1985). 50 male Sprague-

Dawley rats per group were fed hexachlorobenzene (0 or 40 ppm) and various
levels of vitamin A diet (O. l. l or 10 times normal control levels).
test groups were as follows:

The

control diet; control diet plus 40 ppm hexa-

chlorobenzene; 1/10 vitamin A diet; 1/10 vitamin A diet plus 40 ppm hexachlorobenzene. 10 times control vitamin A diet; and 10 times vitamin A diet
plus 40 ppm hexachlorobenzene.
ated

both at

Five rats per group were killed and evalu-

25 and 49 weeks and

the remaining animals were k1lled and

evaluated after 119 weeks.
Results revealed that the animals on the 1/10 vitamin A diet had significantly reduced body weights and survivability when compared with control
diet animals.

The animals on 1/10 vitamin A plus 40 ppm hexachlorobenzene

diet had significantly decreased body weights and did not survive as long as
rats receiving the control diet plus 40 ppm hexachlorobenzene.
ical

evaluations

plasms
12.3.5.

were
No

revealed

observed

in

significant

no
the

consistent
test

treatment-related

animals

differences

were

and
found

are
in

effects.

discussed
the

Hematolog-

in

NeoSection

incidence of

any

pathological lesions between the test groups.
12.3.4.

Hutagenicity.

In

a

dominant

lethal

(strain not given) received by oral gavage

o.

mutation

study.

male

rats

70 or 221 mg hexachloroben-

zene/kg body weight dissolved in corn oil for 5 consecutive days.

A dose-

dependent reduction in male reproductive performance was observed. but hexachlorobenzene did not induce dominant lethal mutations (Simon et al., 1979).
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Khera (1974) also reported a lack of dominant lethal mutations in Wistar
rats

following oral

administration of

o.

20.

zene/kg in 0.25% aqueous gum tragacanth for
sequential mating trials.

40 or 60 mg hexachloroben10 consecutive days.

In 14

no sign1ficant d1fferences in the incidence of

pregnancies. corpora lutea. live implants and deciduomas between the treated
and control groups were observed.

Mutagenic activity has been observed in a

yeast. Saccharomyces cerevisiae. assay {Guerzoni et al .• 1976).

The muta-

genicity of hexachlorobenzene was investigated in three strains of

~

cere-

visiae using reversion from histidine and methionine auxotrophy. and hexachlorobenzene was reported to be mutagenic at a minimum concentration of
100 ppm.
Lawlor et al. (1979) measured the activity of hexachlorobenzene in the
Ames assay. strains TA98, TAlOO, TA1535. TA1537 and TA1538, at five unspecified dose levels both with and without metabolic acitivation by Aroclor 1254
induced

rat

liver microsomes.

Hexachlorobenzene possessed

no detectable

levels of mutagenic activity in any of the Salmonella strains used either
with or without microsomal activation.
abstract with few experimental details.

These results were reported in an
In addition.

this result is not

unexpected because the Salmonella test system is generally insensitive to
highly chlorinated compounds (Rinkus and Legator. 1980).
12.3.5.

Carcinogenicity.

Studies on the carcinogenic potential of hexa-

chlorobenzene have been carried out on hamsters. mice and rats.
12.3.5.1

HAMSTER STUDIES --

12.3.5.1.1.
hamsters

(Cabral

Cabral

et

et al..

al.
1977)

diet at 50, 100 or 200 ppm.

(1977) -- In

one

study

on

Syrian

golden

hexachlorobenzene was administered in the

These concentrations correspond to dosages of

4, 8 and 16 mg/kg/day based on body weight and food intake averages.
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The

hexachlorobenzene was prepared by dissolution in corn oil which was then
mixed with the feed.
intended

level

The feed was analyzed periodically to insure that the

of hexachlorobenzene was maintained (Mollner, 1983).

hexachlorobenzene preparation used in this study was 99.5% pure.
reported

to

be

present

in

some

hexachlorobenzene

The

Impurities

preparations

include

chlorinated dibenzofuran and chlorinated dibenzo-p-dioxin, both members of
classes of compounds which are carcinogens (Villeneuve et al .. 1974).

The

dosages selected for this study were chosen in order to be comparable to
those believed to be consumed by victims of accidental hexachlorobenzene
ingestion in Turkey.
In this study on hamsters it was difficult to determine from the published report whether an MTO was reached or exceeded because the information
on mortality and weight changes was not detailed enough for an unambiguous
evaluation.

Although mortality was monitored, the investigators only stated

that 71% of the treated animals were alive at 50 weeks and that at the
highest dose,

16 mg/kg bw/day,

animals after 70 weeks.

there was a reduced lifespan among treated

The study was run for the lifetime of the animals,

but the actual duration in weeks was not given.

Since the investigators

also reported "marked weight reduction" in the highest dose group one could
conclude that the MTO may have been reached.

However, in the absence of

weight data definite conclusions cannot be made.
The tumor incidence among the hamsters is given in Table 12-16.
increased

The

incidence of hepatomas

in males and females was statistically

significant in all treated groups.

The increased incidence of liver haeman-

gioendothelioma in males and females was statistically significant in the
high dose groups and in males in the middle dose groups.
significant dose-re lated trend for

both tumor types.
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There was a

Three instances of

TABLE 12-16
Tumor Inc1dence 1n Hamsters G1ven HCB 1n the D1et*

Haemang1oendothe11omas
Group

Effect1ve
No.

TBA
No.

.,,.

No. of Tumors

Hore Than
One Tumor

No.

per
Hamster

No.

Th~ro1d

"

No.

He(!atoma

L1ver

"

No.

"

No.

0
0

0
0

S[!leen

Other

"

No.

"

No.

"

0
0

0
0

1
0

2.5
0

4
3

10.2
7.5

__.

Control

"'
"'

39 F
40 M

5
3

12.8
7.5

5
3

0.13
0.08

0
0

0
0

0
0

0
0

50 ppm
(4 mg/kg)

30 F
30 M

16
18

53.3
60.0

21
27

0.70
0.90

4
8

13.3
26.6

2
0

6.6
0

14
14

46.6
46.6

0
1

0
3.3

0
l

0
3.3

5
11

16.6
36.6

100 ppm
(8 mg/kg)

30 F
30 M

18
27

60.0
90.0

32
45

1.06
1.50

11
14

36.6
46.6

3.3
3.3

17

26

56.6
86.6

2
6

6.6
20.0

3
3

10.0
10.0

9
9

30.0
30.0

200 ppm
(16 mg/kg)

60 F
57 M

52
56

86.6
98.2

73
87

1.21
1.52

15
27

25.0
47 .3

5.0
14.0

51
49

85.0
85.9

7
20

11.6
35.0

4
4

6.6
7.0

8
6

13. 3
10.5

I

a>

*Source: Cabral et al., 1977
TBA

=

Tumor-bear1ng an1mals

HCB

=

Hexachlorobenzene

3
8

metastases were found among the animals with llver haemangloendothelfoma. No
hepatoma metastases were found.

One of the hepatomas in a female animal was

found at necropsy at 18 weeks; the investigators did not indkate which
dosage level this animal received.
Hamsters in the control groups showed no thyroid tumors but thyroid
alveolar adenomas were significantly increased in the high dose males and
there was a significant dose-related trend.

Thyroid tumors occurred in all

treated groups of females but were not significantly increased.
Chemical induction of thyroid tumors has not been identified with chemically related compounds except for toxaphene. which is a mixture of chlorinated camphene derivatives.
thyroid

tumors

are

Other chemicals associated with induction of

thioureas.

thiouracils,

3-amino-4-ethoxyacetanilide,

amitrok, o-anisidine, 2,4-diaminanisole sulfate, ethionamide, 4,4 1 -methylene
bis(n,n'-dimethyl)
oxydianaline,

n,n 1 -dimethylbenzenamine,

pronetalol·HCl,

1~5-naphthylenediamine,

4,4'-thiodianaline,

4,4'-

iodoform. dibromomethane

and dkhloroethane (Kraybill, 1983; Weisburger, 1983).

Hexachlorobenzene is

in a different chemical class from these agents.
Induction of thyroid tumors

in the animal

studies is of particular

interest because a very high incidence of enlarged thyroids was found among
victims of an accidental exposure to hexachlorobenzene in Turkey (Peters,
1983).

The incidence among females, examined over 25 years after the inci-

dent, is 61.4% whereas the background incidence in that geographic area for
females is about 5% (Peters, 1983).

The data and pathology reports have not

been made available yet, but it is clear that the cohort exposed to hexachlorobenzene has an unexpectedly high incidence of enlarged thyroid.

It

cannot be stated at present what percentage if any of the enlarged thyroids
is the result of tumorigenesis.
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Th1s hamster study prov1des strong pos1t1ve ev1dence of tumor1gen1c1ty
and ev1dence of carc1nogen1c1ty of hexachlorobenzene. as 1nd1cated by the
s1gn1f1cant 1ncrease 1n hepatomas. s1gn1f1cant 1ncrease of thyro1d adenomas
in males and the occurrence of metastasizing liver haemangioendotheliomas 1n
treated but not in control animals.

Although not reported in detail in this

one page publication, the authors noted an increase in adrenal neoplasms as
well.

The data presented show that the tumor 1ncidence is positively dose-

dependent in most instances and that this is true not only of the number of
animals with
animal.
actual

tumors of all

sites but also for

The authors also indicated that
supporting data was

not

the number of tumors per

latency per1od was reduced.

presented.

Although

but

strong evidence for

carcinogenicity was provided 1n the hamster study, a cautionary note should
be added regarding the results of this study and possibly other hexachlorobenzene studies as wel 1.
99.5% pure.

However,

The hexachlorobenzene used was

reported

to be

chlorinated dibenzofuran and chlorinated dibenzo-p-

d1ox1n, both very potent carcinogens, have been reported in the past to be
present in some samples of hexachlorobenzene.

Very small amounts of such

contaminants could influence results.
12.3.5.1.2.
hamsters,

Lambrecht et al. (1982a) Hamster Study -- Another study on

carried out

in a different laboratory, adds further

suggestive

evidence for the tumorigenicity of hexachlorobenzene 1n hamsters (Lambrecht
et

al .•

1982a}.

Th1s

study,

reported

only

carried out 1n the Syr1an golden hamster.

in

exposed

50

animals

sacrif1ced per1odically unt11

were

form,

sacrificed.

also

On day 91, half of the

The remaining animals were

the end of the 1-year study.

The exposure

levels used were 200 or 400 ppm hexqchlorobenzene in the diet.
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was

In th1s study the animals were

exposed for only 90 days to the hexachlorobenzene.
1nit1al

abstract

Assuming

that the hamsters from the Cabral (1977) study were comparable 1n we1ght and
dietary consumpUon. these ppm figures would be approximately equal to and
twice those of the high dose used in the lifetime studies of Cabral et al.,
1977). Lambrecht et al. (1982a) reported the incidence of hepatoma at the
200 ppm level to be 7.7% in males and 6.7% in females; at the 400 ppm level
the incidence was 5% in females and 14.3% in males.

These figures are based

on the numbers of animals at risk at the time of the earliest observed
tumor.

The time to first tumor was relatively late in the study, 276 days

for males and 255 days for females of the lower dose and 153 days for males
and 299 days for females at the higher dose.

Since the test animals were

systematically sacrificed from 3 months onward. the time to tumor figures
should be reasonably close to actual time to tumor.

Table 12-17 shows the

results reported by Lambrecht et al. (1982a).
The

tumorigenicity and carcinogenicity of hexachlorobenzene has been

demonstrated by one lifetime study in hamsters.

Additional suggestive evi-

dence for tumorigenicHy is found in a 90-day study in another laboratory.
In both cases hepatomas

resulted.

The longer period of exposure also

produced thyroid adenomas and metastatic liver haemangioendothelioma.
12.3.5.2.

MOUSE STUDIES --

12.3.5.2.1.

Cabral et al. (1979) -- Cabral et al. (1979) reported that

outbred Swiss mice were fed hexachlorobenzene (99.5% purity) in their diets
for up to 120 weeks.

The hexachlorobenzene content of the diet was mon-

Hored periodically during the study and the diet was found to be free of
aflatoxins.

The exposure levels used were 50, 100 and 200 ppm corresponding

to dosages of 6, 12 or 24 mg/kg/day based on body weight and food intake
averages.

One other test group was given 300 ppm (36 mg/kg/day) for only 15

weeks and retained on an hexachlorobenzene-free diet for the remainder of
the study.
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TABLE 12-17
Effect of HCB on Hamsters: Liver Tumors and Other Liver Lesionsa

Sex

M

F

HCB
(ppm)

PC+cb
Incidence

BDHC
Incidence

Day First
Observed

Hepatomas
Incidence

Day First
Observed

0

3/50

0

0

200

48/49

0

1113

276

400

50/50

1/25

1/20

153

0

10/43

0

200

48/49

1/6

340

1/15

255

400

45/45

2/20

174

1/7

299

101

0

asource: Lambrecht et al., 1982a
bprecirrhotic + cirrhotic
CBiliary duct hyperplasia
HCB = Hexachlorobenzene
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Growth rates were monitored but not g1ven 1n deta'1
report.

in the publ1shed

The 1nvestigators stated that among female mice there was a reduced

growth rate for a 11 doses except in the 12 mg/kg/day dose group and among
males for all doses except in the 6 mg/kg/day dosage group.
Survival

times

were

reported

in

detail.

Survival

was

essentially

unaffected in the two lower dosage level groups at 50 weeks, but at the high
dose only 60% of the females and 52% of the males survived 50 weeks.

By 70

weeks on test the survival was decreased in the two lower dose groups as
well, and in the highest dose group it was down to 14% in females and 10% in
males.

At 90 weeks there were only four surviving males out of the 50 and

no surviving females 1n the highest dosage group as compared with 96 and
100% survival in the female and male controls.
The yield of tumors in this study is g1ven in Tables 12-18 and 12-19.
In Table 12-18, the effective number of animals is the number of animals
alive at the earliest time a liver cell tumor was observed in each group
while

in

animals

Table

12-19

alive at

the

effective

number

the earliest appearing

within that group.

of

tumor

animals

for

is

that

number

of

any site in the body

There was a statistically significant elevation in the

incidence of liver eel l tumors at the high dose in females and a marginal
increase
c·ases.

in

high-dose males,

There was

with a

positive dose-related

a 1so a dose-dependent decrease

trend

in both

in la tent period and a

dose-dependent 1ncrease in the s1ze and multiplicity of liver cell tumors
(see

Table

12-18).

The

liver

cell

tumors

were

subsequently

defined

as

hepatomas (Cabral, 1983).
In

this

study

there was

tumors in control mice.

a h1gh

incidence of

both

lymphoma and lung

A dose-related decrease in the incidence of lympho-

mas appears in the treated groups.

The investigators attributed this to the
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TABLE 12-18
L\ver Tumor Inc1dence 1n H\ce Fed Hcsa

Exposure Levelb
(ppm d\et)
100
200

_,
N
I
O'I

00

300
(15 weeks
exposure)

InH\al
No. of
An\mals
F 30
"' 30
F 50
"' 50
F 30
M30

Effect\vec
No. An\mals

M\ce w\th LCT

Node S\ze (11111)

No.

%

<B

F 12
M12

3
3

25
25

2
1

F 26
M29

14

54
24

5
4

1

F 10
M 3

10
33

Age at Death (weeks)

Mult\1!1\cHi
S\ngle

Mult\ple

Range

Average

1
2

1
2

2
1

87-104
83-98

98
89

9
3

3
2

11
5

47-85
46-101

67
73

~8

1
1

asource: Cabral et al., 1979
b5o m\ce/group were used as controls while 30/sex/group were given 50 ppm. No 1\ver tumors were detected \n these groups.
csurvivors at time first LCT was observed \n each group
LCT = Liver cell tumors
HCB

= Hexachlorobenzene

101
97

101
97

TABLE 12-19
Tumor Data on M1ce Fed Hcea
An1mals w1th Tumors
Lung

L~m~homas

Exposure
Level
(ppm d1et)

Control
50
100
200
.......
N
I
Cf'
l.O

300
(15 weeks)

TBAC

Effect1veb
No.
An1mals

No.

F 50

49
47

M 30

F 30

F 30
M30

ln1t1al
No.
An1mals

M 50

F 50

Average Age
at Death
(weeks)

No.

"

Average Age
at Death
(weeks)

"

No.

"

No.

"

89.0
83.8

0
0

0
0

3
0

6
0

9d
4e

18
9

13
13

84.5
87.0

0
0

0
0

2
0

7
0

2f
0

7
0

6
0

20
0

83.5

3
3

10
10

1
0

3
0

3g
lh

10
3

14
7

34
16

2
2

11
0

2
0

12

el
0

31
0

"

"

39
22

80
47

21
12

43
26

89.6
80.8

14
13

29
28

30
30

21
15

70
50

16
13

53
43

69.8
73.7

4
4

30
29

13

43
34

5
7

17

10

24

94.4
70.4

41
44

19
12

46
27

5
4

12
9

58.2
53.2

2
4

5
9

66.5
82.5

F 30

26
16

20
5

77

8
3

31
19

97.7
68.6

4
2

15
13

91.2
83.5

31

Other

No.

No.

M 50
M 30

Gonads

Uver-cell

4
6

3
0

0

asource: Cabral et al., 1979
hNumber of surv1vors at moment of appearance of f1rst tumor at any s1te 1n each group
Cin relat1on to the effect1ve number
dskln flbrosarcoma, uter1ne haemang1oendothelioma, one sk1n haemang1oendothe11oma, two adrenal adenoma, two mallillilry adenoma
eur1nary bladder trans1t1on cell carc1noma, one 11ver haemang1oendothe11oma, one sk1n haemang1oendothe11oma, one sk1n f1brosarcoma
fone uter1ne haemang1oendothe11oma, one sk1n f1brosarcoma
gTwo sk1n f1brosarcoma, one sk1n haemang1oendothe11oma
hone sk1n squamous-cell carc1noma
1one 1ntest1nal le1omyosarcoma
lone sk1n f1brosarcoma, two 11ver haemang1oendothe11oma, one cecum carc1noma, one stomach pap111oma, one sk1n haemang1oendothe11oma, one
uter1ne adenoma, one ma1T111ary adenoma
HCB = Hexachlorobenzene

decreased survival time of hexach l orobenzene-trea ted animals.

This seems

reasonable but does not explain the reduction in lung tumors in the 50 ppm
(6 mg/kg/day) group when they are compared to controls, since there was not
an appreciable reduction of lifespan in this low dose group.
Th1s study by Cabral

(1979) demonstrates the tumorigen1city of hexa-

chlorobenzene in Swiss mice by the significant increase in liver cell tumors
in both sexes and by the demonstration of dose-dependency in the response
with respect to tumor incidence, tumor size. multiplicity and latent period
duration.

Tumorigenicity was detected as low as 12 mg/kg bw/day (100 ppm)

for lifetime exposure but not at 6 mg/kg bw/day (50 ppm).
12.3.5.2.2.

Lambrecht et al.

(1982b)

Swiss mice exposed to hexa-

chlorobenzene for only 90 days at levels of 100 and 200 ppm in the diet
showed degenerative changes of 11 ver and kidneys when examined at various
intervals after they were removed from the hexachlorobenzene-containing diet
(Lambrecht et al., l982b).

Although liver tumors were not reported, treated

animals showed lymphosarcomas in both dosage groups in both sexes at levels
significantly above those of controls.

Exposure to hexachlorobenzene in

this instance produced leukemogenic changes .. The animals were not permitted
to live beyond selected intermediate sacrifice dates, so it was not possible
to determine whether survivors would have developed 11ver or other tumors.
The method of preparation of the hexachlorobenzene-containing diet may have
been different in the Cabral et al. (1979) and Lambrecht et al. {1982b)
studies, but detailed information was not presented in the Lambrecht et al.
(1982b) abstract.
Mice may be somewhat less sensitive than hamsters to hexachlorobenzene
as evidenced by the difference in incidence of hepatoma formation at various
doses.

These animal species may differ in the distribution of the hexa-

chlorobenzene into various tissue compartments (Lambrecht et al., 1981), and
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dHfer in rates of metabolism and absorpt1on.

Administrat1on of the same

levels of hexachlorobenzene \n the feed can be expected to give dHferent
effective dosages.
12.3.5.2.3.

Shirai et al.

(1978) -- Shirai et al.

(1978) administered

hexachlorobenzene to male ICR mice (35 animals/group) at levels of 10 or 50
ppm in

the diet

for

periods of 24 weeks.

given alone to another group at 250 ppm,
hexachlorobenzene to a third group.

Polychlorinated terphenyl was
and in combination with 50 ppm

Animals were examined histologically at

40 weeks.·
Final body weights were slightly lower in the hexachlorobenzene-treated
groups while liver weights were higher.
that

the

hexachlorobenzene-treated groups

lobular area at both doses.
The

Examination of the livers showed

total

intake of

had

hypertrophy of

the centri-

No l1ver tumors were found in either group.

hexachlorobenzene was calculated to be 8.4 and 35.3

mg/mouse over 24 weeks in the 10 ppm and 50 ppm groups, respectively.
Polychlorinated terphenyl alone, at 250 ppm (total dose 207.4 mg/mouse)
gave 3/28 (10.7%) nodular hyperplasia.

When this same level of polychlori-

nated terphenyl was given along with hexachlorobenzene at 50 ppm (total dose
36.9

mg/

mouse)

there

were

23/26

(30.8%) hepatocellular carcinoma.

(88.5%)

nodular

hyperplasia

and

8/26

This response indicates that hexachloro-

benzene can enhance the carcinogenic potency, of polychlorinated terphenyl.
The duration of administration, 24 weeks,

in this mouse study and the

doses used were below those used in the Cabral (1979) study on Swiss mice
and also below the levels used in the 13-week study by Lambrecht (1982b) on
Swiss mice.

Therefore, it is not surprising that hepatomas were not found

whe.n hexachloro.benzene was given alone.

The occurrence of liver lesions,

however, does indicate the liver is a target organ.
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These three studies in mice demonstrate the tumorigenicity of hexachlorobenzene with respect to the induct1on of hepatomas, the leukemogenic
effect

of

subchronic

exposure and

the ability of

hexachlorobenzene to

enhance the carcinogenic effect of another compound.
12.3.5.3.

RAT STUDIES --

12.3.5.3.1.

Sm1th and Cabral (1980) -- The carcinogenic potential of

hexachlorobenzene was tested in several different laboratories in rats.

In

one study (Smith and Cabral, 1980) small numbers of female Agus rats, and
even smaller numbers of female Wistar rats, were used.

There were 12

control and 14 treated Agus rats and 4 control and 6 treated Wis tar rats.
The

hexachlorobenzene was

analytical

grade

(99.5% purity) dissolved in

arachis oil and mixed with the feed to give 100 ppm in the diet.

This

dietary level supplied an average daily dose of 6-8 mg/kg/day to the rats.
In this study the Agus rats showed signs of porphyria after 3 months
exposure
found.

to

hexachlorobenzene,

but other

toxic manifestations were not

The investigators stated that "there was a steady decline in body

weight to eventually 80% of control animals" (Table 12-20).

Examination of

the weight data presented in the publication indicates that this interpretation

is

based

upon

comparison

of

11

final 11

average

weight

in

control

(286±.19 g) and treated (225.:t.16 g) animals (see Table 12-20), representing a
21% difference in weight.

This method of comparison can be misleading since

the final weights represent accumulated differences in growth rates and
varying composition of the groups because of animal deaths.

An effect

produced, even transiently, at an early age, may persist in the figures,
even though all subsequent growth may be normal.

Growth rates, rather than

absolute difference in weights provide a more suitable picture of the animal
response.

Growth rates for

the time intervals reported were calculated

based on the data given in the publication and are shown in Table 12-21.
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TABLE 12-20
Body Weights of Female Agus Rats Fed Hexachlorobenzene for 90 Weeksa

Body Weight ( g)
Weeks of Diet

% DHf erence

45

+

24 (9)

2

5

180

+

17

6

+

13

212

+

13b

10

257

+

17

221

!:.

19c

14

286

+

19 ( 8)

225

!:.

16 ( 7)C

21

46

+

6 (8)

l O·

191

+

30

236

50
90

0

HCB

Control

asource: Smith and Cabral. 1980
bs;gnificantly different
p<0.01

from controls

as

assessed

by Student's

t-test

Cp<0.001
Female Agus rats were fed HCB (100 ppm) in MRC 41B diet for 90 weeks and
then killed. Weights are means (no. of animals in parentheses) !:. S.D.
HCB

=

Hexachlorobenzene
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TABLE 12-21
Growth Rates for Female Agus Rats on a D1et Conta1n1ng 100 ppm HCB*

Average Growth Rate %/week

Interval (on d1et)

Control

Treated

0-10 weeks

31. 5

30.0

10-30 weeks

1. 2

0.89

30-50 weeks

0.45

0.22

50-90 weeks

0.28

0.05

*Source: Calculated from Sm1th

~nd

Cabral, 1980

HCB = Hexachlorobenzene
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The equation used was:
R = weight at end of interval - 'weight at start of interval x 100
weight at start of interval
According

to this calculation weight

increases occurred

in both groups

during each time interval, although the increases were less in the treated
groups.
The survival of the treated Agus rats was good; one test animal was
sacrificed at 52 weeks and a second one died of pneumonia at 70 weeks.

Both

of these animals had liver cell tumors found by histologic examination.
Another five treated animals were sacrificed at 75 weeks and the remaining
seven treated animals lived until the end of the experiment at 90 weeks.
Among controls, one was killed at 63 weeks and three more at 75 weeks.

The

remaining eight were killed at 90 weeks.
No control animals had liver pathology.

In contrast, 14/14 (100%) of

the treated Agus rats had liver tumors; the earliest of these was detected
at 52 weeks.

The livers of the treated animals were grossly enlarged and

some of the tumors were 1.5-2 cm in diameter.

Although one liver cell tumor

was described as pedunculated, histopathology detail was not given, except
to note the absence of metastases in all cases.

Four of the six (67%)

Wistar rats also had liver cell tumors and none of the four controls showed
such pathology at 75 weeks.
In

this

rat study hexachlorobenzene was a potent

inducer of

liver

tumors, causing a 100% incidence with the earliest tumor observed at 52
weeks.

It is important to determine whether the magnitude of the effect is

all attributable to the hexachlorobenzene or whether contaminants, unusual
characteristics of the test animals, or procedural factors were operative in
this study.

In this context the following points are noted.
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First, historical control data on tumor incidence for Agus rats were not
available, but, according to Cabral (1983), the Agus rat is a strain particularly sensitive to porphyria and hepatic tumors.

In regard to the question

of contaminants, peanut oil is generally believed to be free of aflatoxins
[they are destroyed in processing (NAS, 1977)] and the feed was analyzed for
both aflatoxins and dibenzofurans
1983).

and

Absorption is another factor

found

to be free of both (Cabral,

to consider.

The absorption of

the

hexachlorobenzene in these animals might be enhanced by dissolution in the
arach1s oil.
12.3.5.3.2.

Lambrecht et al.

was carried out

by Lambrecht et al.

Sprague-Dawley rats
used.

(1983a,b, 1984) -- Another study on rats

of each

sex for

{1983a,b,

1984).

In

this study 94

each dosage and control groups were

Four animals of each group were sacrificed at each of 10 intervals:

0, 1, 2, 3, 4, 16, 32, 48 and 64 weeks.
group were allowed to continue until
years.

The remaining 54 animals of each

they died,

or

to the end of the 2

The number of animals at risk was considered to be those that sur-

vived at least 12 months, since this was the earliest time to tumor.

This

number would be, at minimum, 54 plus some animals from the last sacrifice
time.
The hexachlorobenzene was highly purified and the prepared diet monitored for hexachlorobenzene levels period1cally.
analyzed

for

aflatoxins

and

found

to

be

The preparation was also

negative.

The

test

diet

was

prepared by mixing the hexachlorobenzene with dextrose and Wayne laboratory
feed

(1.5 g hexachlorobenzene + 98.5 g dextrose + 9.9 kg lab chow to give

150 ppm hexachlorobenzene).

Half the amount of hexachlorobenzene was used

in the mix for the 75 ppm hexachlorobenzene level.

This oil-free vehicle is

different from the vehicle used by both Smith and Cabral (1980) and Arnold
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et al.

(1985).

The hexachlorobenzene was well absorbed as demonstrated by

progressive accumulation in fat which was measured in this study.
Based on an average food consumption of 22.6 g/rat/day for males and
16.5 g/rat/day for females, and on an average adult weight for females of
265 g and for males of 400 g. the low dose was calculated to be 4-5 mg/kg/
day and the high dose. 8-9. 5 mg/kg/day.

In order to compare the results

obtained in this study with those obtained in Sprague-Dawley rats by Arnold
et al. (1985). more detailed calculation of doses at different time periods
on test are given in Table 12-22.
The administration of hexachlorobenzene in the diet at these doses in
the Lambrecht et al. (1983a) chronic feeding study in rats resulted in liver
pathology just before the appearance of hepatoma or hepatocellular carcinoma.

Pathology observed at the early sacrifice time included parenchymal

degeneration.
test females

preneoplastic foci
had gross

liver

and adenoma.

At 48 and 64 weeks of the

tumors which measured between l

and 2

111n 2 •

Porphyria was also detected.
Rats

that

lived 12 months or

longer showed a significant increase in

hepatoma incidence in both sexes.

A statistically significant increase in

the incidence of hepatocellular carcinoma was found at both doses in the
females. and in males a slight non-significant increase was found.
the liver cell tumors metastasized.

None of

Table 12-23 summarizes the findings.

Renal cell adenoma was found to be significantly elevated in both sexes
but with greater frequency in males.

In this study the control male group

had a high incidence of renal cell adenoma which was not explained; nevertheless,
tically

the increase in the hexachlorobenzene-treated animals was statissignificant.

The

incidence

of

renal

cell

carcinoma

in

treated

animals was not significantly increased over control animals in either males
or females.
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TABLE 12-22
Dosage Levels in the Chronic Feeding Study of Hexachlorobenzene
in Sprague-Dawley Ratsa
(mg/kg/day)

Females

Males
Time on Dietb
(weeks)

75 ppm

150 ppm

75 ppm

150 ppm

0

19.5

37.0

16. l

32.2

26

3.2

7. 1

3.7

8.7

s2c

3.3

6.4

3.8

8.0

79

3.4

6.7

3.5

8.4

99

6.2

10.0

4.3

10.6

asource: Calculations and data prov1ded by Lambrecht. 1984
bThe animals were 3 weeks old when placed on test
CAt 52 weeks on test the males consumed an average of 24.7 g of the diet/
day and weighed an average of 553.7 g. The females consumed an average of
16.0 g diet/day and weighed an average of 311.7 g.
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TABLE 12-23
Liver and Kidney Tumors in Sprague-Dawley Rats Given Hexachlorobenzene
in the Diet for up to 2 yearsa,b

Exposure
Level

Hepatocellular
Carcinoma

He~atoma

M

f

Renal Cell
Adenoma

Renal Cell
Carcinoma
M

M

F

M

7/54
13

1/52
2

0/54
0

1/52
2
4

f

f

0
percentage

0/54
0

0/52

0/54

0/52

0

0

0

75 ppm
percentage

10/52
19

26/56
46

3/52
6

36/56
64

41/52
79

7/56
13

0/52
0

150 ppm
percentage

11 /56
20

35/55
64

4/56
7

48/55
87

42/56
75

15/54
28

0/56

2/54

0

4

2/56

asource: Lambrecht et a 1., 1983a,b; Lambrecht, 1983
bThe diet was prepared without solubilization of the hexachlorobenzene,
but by mixing it as a pulverized solid.
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In an updated report from this laboratory (Peters et al.. 1983) histopathology details were supplied.

These data show that in addition to the

liver and kidney lesions there was an increase in adrenal pheochromocytoma
in female rats which was statistically significant at both 75 and 150 ppm.
Females

also

had

elevated

incidences

hemangioma in the treated groups.

of

adrenal

cortical

adenoma and

Among males the background incidence of

adrenal pheochromocytomas is high (76.5%). making it difficult to determine
whether the 90.6% incidence found in the 150 ppm group has any biological
significance.
detailed:

Other adrenal

neoplastic

and non-neoplastic

lesions were

hyperemia and/or congestion. cortical hyperplasia. preneoplastic

foci. cysts. lipoma and adenocarcinoma; none of these were elevated in the
treated animals.

The adrenal tumor incidences are given in Table 12-24.

One point to consider in the interpretation of the results. particularly
in terms of their applicatfon to risk assessment. is the form in which the
hexachlorobenzene was administered in

the diet.

The absorption from a

particulate form introduces an additional possible exposure route. namely.
from

the

food

preparation

by

inhalation.

This

consideration does not

invalidate the study. but raises the question of the actual exposure levels
H an additional route of exposure was occurring in the same experiment
simultaneously with oral ingestion.

The effect of mixing the hexachloroben-

zene in the diet in an oil-free form may also affect absorption and thereby
the effective dose.
12.3.5.3.3.

Arnold et al.

(1985) -- In this

study hexachlorobenzene

(organic analytical grade) was administered to parental male and female
Spragu~-Dawley

rats for 3 months.

These animals were mated at that time and

the females continued to recehe hexachlorobenzene-containing diets during
pregnancy and throughout lactation.

At weaning. 50 pups of each sex were
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TABLE 12-24

Adrenal Tumors in Sprague-Dawley Rats Given Hexachlorobenzene
in the Diet for up to 2 Yearsaob

MALES
Days on diet

600+

400-599

Exposure ppm
hexachlorobenzene

0

75

150

0

75

150

Number of tissues
examined

17

23

28

34

25

23

3

2

6

6

3

4

3
(17.6)

6
( 26. 1 }

Cortical adenoma
("}

Pheochromocytoma
{%}

Hemangioma (%}

0

9
( 32. 1 }

0

0

26
(76.5)

17
(68)

21
( 91. 3}

0

0

0

FEMALES
Days on diet

400-599

600+

Exposure ppm
hexachlorobenzene

0

75

150

0

75

150

Number of tissues
examined

12

5

13

35

47

32

Cortical adenoma

0

3

2

(%)

Pheochromocytoma

11

6

(23.4)

(18.8)

0

0

2

5
(14.3)

31
(66)

29
(90.6)

0

0

2

3
(8.5)

8
( 17}

(15.6)

(%}

Hemangioma (%)

2
(5.7)

5

asource: Peters et al., 1983
bl he diet was prepared without solubilization of the hexachlorobenzene,
. but by mixing it as a pulverized solid.
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separated and fed for the remainder of their lifetime on hexachlorobenzenecontain1ng d1ets.

Controls were fed diets free of hexachlorobenzene.

The

range of doses used in this study 'ts considerably lower than those used by
eHher SmHh and Cabral (1980) or Lambrecht et al. (1983a,b).

Table 12-25

shows the doses used in the Arnold et al. study at particular points in time
since the doses were not adjusted throughout the study.

These doses repre-

sent a greater exposure to the test animals from the point of view of exposince the F1 animals were exposed l!l. utero and during
nursing in addition to their exposure from feeding on an hexachlorobenzenesure duration,

containing diet.

Total doses cannot be calculated since the actual dose

received during nursing is not known.
Arnold et al. (1985) found no differences 1n treated F1 animals when
compared to controls w1th respect to growth rates, food consumption or hematology.

The only observed difference was a decreased v1ab111ty index for

pups in the 40.0 ppm dose group.
Histopathology showed that F1 females had a significant elevation in
neoplasUc liver nodules and in adrenal pheochromocytoma in the high dose
females compared to controls (Table 12-26).

There was also a significant

positive dose-related trend in the incidence of these tumors in F females.
1
Among F males, in the highest dose group parathyroid tumors were
1
significantly increased: 25% (12/48) in the treated groups and 4.2% (2/48)
among controls.

Females also showed a few parathyroid tumors in the two

highest dose groups but none in controls or in the two lowest dose groups.
The differences were not significantly different from controls.
gives the tumor incidences.
elevated,

there was an

Table 12-26

Although kidney tumors were not reported to be

increased chronic

animals.
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nephrosis

in

the

F treated
1

TABLE 12-25
Intake of Hexachlorobenzene (mg/kg/day) in the Chronic Feeding,
2-generation Study of Hexachlorobenzene in Sprague Dawley Rats

Exposure Level
Time on Di etb
(weeks)

0.32 ppm

1.6 ppm

8.0 ppm

40.0 ppm

MALES
1

0.04

0. 12

0.93

4.85

3oc

0.01

0.06

0.29

l. 5

70

0.01

0.05

0.25

1.3

FEMALES
l

0.04

0.17

0.84

4.64

3oc

0.02

0.08

0.40

1. 9

70

0.01

0.06

0.32

1.6

asource: Calculations and data provided by Arnold, 1984
brhe animals were placed on feed at 6 weeks of age.
CThe mean body weight of male controls was 663 g and for the highest dose
group males 653 g. The mean weekly food consumption· for male controls at
that time was 178 g and for the highest dose group 169 g. Females of the
same age weighed 351 g for controls and 353 g for the highest dose treated
group and the mean weekly food consumption was 113 and 118 g, respectively.
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TABLE 12-26
Tumors ln Organs that Showed Stat1st1cal D1fferences from Control ln F1 Sprague-Dawley Rats Treated wlth Hexachlorobenzenea
[ 1nc1dence ("I l

Dose at 30 weeks
(mg/kg bw/day)

__,

Parath~ro1d

Adenoma

Adrenal

Pheochromoc~toma

He11atocellular Carc1noma

Neo11last1c L1ver Nodules

Males

Females

Males

Females

Males

Controls

2/48 (4.2)

0/49 (0)

10/48 (20.8)

2/49 ( 4.1)

0/48 (0)

0/49 (0)

2/48 (4.2)

0/49 (0)

0.01-0.02

4/48 (8.3)

0/49 (0)

12/48 (25.0)

4/49 (8.0)

2/48 (4.2)

0/49 (0)

0/48 (0)

0/49 (0)

0.06-0.08

2/48 (4.2)

0/50 (0)

7/48 (14.6)

4/50 (8.0)

1/48 (2.1)

0/49 (O)b
1/49 (2.Q)b

0/48 (0)

2/50 (4.0)

0.29-0.40

1/49 (2.0)

1/49 (2.0)

13/49 (26.5)

5/49 (10.2)

2149 (6.1)

0/50 (0)

2/49 ( 4.1 )b
3/49 (6.1 lb

2/49 ( 4.1 )b
3/49 (6.1 lb

12/ 49 ( 24. 5)

2/49(4.l)

17149 (34. 7)

17/49 (34. 7)

1/49 (0)

0/49 (Q)b
1/49 (2.0)b

l/49 (2.0)

10/49 (20.4)b
9/49 (l8.4)b

!ARC trend test

p~0.01

p~0.05

p~0.01

p~0.01

p~0.01

Armltage tlme-related
trend test

p~0.01

p~0.05

p~0.05

p~0.01

p~0.01

p~o.01c

p~o.01c

N
I

Females

Males

Females

CX>
~

l .5-1. 9
Other stat1st1cal tests

Flsher exact
treated vs. control

p~0.05

asource: Arnold et al., 1985; Arnold, 1984
bolfferent results of two dlfferent pathologlsts readlng the same slldes
tcomparlson of hlgh dose group versus control

12.3.5.3.4.

Arnold et al. (1985) -- In another study by Arnold et al.

(1985) which was related to the 2-generation study. the effect of vitamin A.
because of its supposed antitumorigen1c properties. was tested in conjunction with hexachlorobenzene.
hexachlorobenzene was
study. 40 ppm.

This was a 1-generation study and the level of

the same as

the highest dose of

the 2-generation

There were six separate groups of 50 anima 1s each and the

experiment ran for 119 weeks.

At 29 weeks and at 49 weeks five animals from

each group were sacrificed and evaluated histologically.
shown in Table 12-27.
hexachlorobenzene.

The six groups are

The vitamin A did not apparently alter the effects of

The

number

of

animals

with

parathyroid

tumors

and

adrenal pheochromocytomas was somewhat elevated in all the cases in which
hexach lorobenzene was administered compared with the to ta 1 cases with the
three levels of vitamin A and no hexachlorobenzene.

The significance of

these tumor incidences cannot be determined by simple comparison because it
was also found in the study that vitamin A had an effect on the background
level of some common tumors and these data have not yet been completely
analyzed.
12.3.5.4.

DISCUSSION Of RAT STUDIES -- It seems appropriate to compare

the findings of Smith and Cabral (1980) in Agus and Wistar rats. Lambrecht
et al. (1983a,b) and Arnold et al. (1985) in Sprague-Dawley rats.

None of

the three studies agree precisely on all four of the tumor target organs:
Smith and Cabral reported liver tumors. Lambrecht reported liver. adrenal
and kidney tumors and had some liver carcinomas not found by Smith and
Cabral.

Arnold found adrenal and parathyroid tumors and neoplastic 11ver

nodules but no increase in kidney tumors.

We find that. although differ-

ences do occur. the results are not contradictory for the following reasons:
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TABLE 12-27
Parathyroid and Adrenal Pheochromocytomas in Sprague-Dawley Rats
Maintained on Synthetic Diets of Varying Vitamin A Content and
With or Without Hexachlorobenzene*

No. with
Parathyroid Tumors

No. with Adrenal
Pheochromocytoma

Controls on diet with normal
vitamin A content

3

4

Control diet

4

6

Diet with 0.1 times normal vitamin A

O

2

Diet with 0.1 times normal
vitamin A + 40 ppm HCB

O

2

Diet with lOX vitamin A

1

4

Diet with lOX vitamin A + 40 ppm HCB

3

7

Total without HCB

4

9

Total with HCB 40 ppm

7

15

Group

+

40 ppm HCB

*Source: Arnold et al., 1985
HCB = Hexachlorobenzene
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l.

The dosages used 1n the Arnold et al. (1985) study were below those used
by either Smith and Cabral (1980) or Lambrecht et al. (1983a,b).

The

range of doses used by Smith and Cabral was given as 6-8 mg/kg/day and
those used by Lambrecht were 3-9 mg/kg bw/day.

Those of Arnold were, at

most, between 1 .5 and 2.0 mg/kg bw/day.
2.

There were notable differences in the animals used:

in the case of

Smith and Cabral the 11ver tumor suscept1ble strain of Agus rat was
used, although tumors were also found with Wistar rats.

We do not have

full data on historical tumor incidences in these animals to allow for
more detailed evaluation.
3.

The conditions of the Smith and Cabral study and those of Lambrecht were
both different from the 2-generation study of Arnold.

Differences in

sensitivity due to prenatal exposure may occur because of rapid cell
division and/or differences in xenobiotic metabolism compared with older
animals.

The dose received transplacentally and from nursing is also

uncertain.
4.

The method of preparation of the hexachlorobenzene in the diet was
different in that both Smith and Cabral and Arnold used arachis oil and
corn oil as hexachlorobenzene solvents while Lambrecht did not use an
oil vehicle.

Absorption characteristics are known to depend upon the

vehicles used.
5.

The Sprague-Dawley animals used by Arnold may have more fat than those
used by Lambrecht as

they were somewhat

larger.

Distribution into

different tissue compartments, especially into fat where it is likely
the hexachlorobenzene is at least temporarily stored, is likely to alter
the effective concentration in target tissues.

In this regard the hexa-

chlorobenzene is known to concentrate in adrenal tissue; the degree of
such concentration may well vary with strain or diet of the host animals.
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In summary, orally administered hexachlorobenzene has induced hepatocellular carcinoma in male Sprague-Dawley (S-D) rats as well as hepatomas in
female Agus and Wistar rats and in S-D rats of both sexes.

At the lowest

dose used in any of the studies (40 ppm in the diet or 1.5 mg/kg/day), neoplastic nodules were induced in S-D rats, whereas hepatocellular carcinomas
occurred in the same strain at a higher dose (4-5 mg/kg/day).

Adrenal pheo-

chromocytoma was significantly elevated in two separate studies in female
S-D rats.

In the same strain one investigator reported parathyroid tumors

and a different

investigator

reported

kidney

findings has been repeated by other authors.

tumors;

neither

of these

Table 12-28 summarizes this

information.
12.3.5.5.

OTHER STUDIES -- In addition

to the studies described on

hamsters, mice and rats there are a few studies which cover specific kinds
of tests other than lifetime exposure and examination of all

potential

target tissues for tumorigenic or carcinogenic response.
One such study was that of Theiss et al. (1977) in which the experiment
was designed to detect only pulmonary tumors following i .p. injection of
organic chemicals found as contaminants of drinking water.
hexachlorobenzene was one of the chemicals tested.

In this assay

Strain A mice were given

three dosage levels of hexachlorobenzene with the top level as the MTD.

A

total of 24 injections over a period of 8 weeks were given to 20 mice/group.
The total doses received were 190, 480 and 960 mg/kg.

The 1ungs were the

only organ examined and hexachlorobenzene did not increase tumor incidence
in that organ.

The study ran for 32 weeks.

Although this assay has proved

useful in detecting some pulmonary carcinogens, it is not designed to detect
other tumors.
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TABLE 12-28
Qual1tat1ve Compar1son of Tumor Development 1n Rats Follow1ng Hexachlorobenzene Adm1n1strat1on 1n D1fferent Stud1es

Dosage
(lowest dose that
produced tumor)

L1ver

Agus/Female

100 ppm (6-8 mg/kg bw/day)

11ver-cell tumor
( F)

NA

NA

NA

Sm1th and
Cabral, 1980

W1star/Female

prepared by d1ssolv1ng 1n
011 and m1x1ng 011 w1th food

11ver-cel1 tumor
(F)

NA

NA

NA

Sm1th and
Cabral, 1980

Sprague-Dawley/
Male and female

75 ppm (3-4 mg/kg bw/day)
prepared 1n feed sans 011
veh1cle

hepatocellular
carc1noma (M&F)
hepatoma (M&F)

renal cell
adenoma (M&F)

pheochromocytoma (F)
cort1cal
adenoma (F)

NA

Lambrecht,
1983a,b

Sprague-Dawley/
Male and female
F1 an1mals of
2-generat1on study

40 ppm (0.3-1.5 mg/kg bw/day)
prepared 1n 011 and m1x1ng
011 w1th food at wean1ng -an1mals exposed .!!!. utero and
dur1ng nurs1ng

neoplast1c 11ver
nodules (F)

not found

pheochromocytoma (F)

adenoma (M)

Arnold, 1983

Stra1n/Sex

_,

"'
OJ

K1dney

Adrenal

Parathyro1d

Reference

I

<.O

NA

c

It 1s not known whether or not these t1ssues were exam1ned.

In another study on beagle dogs (Grall a et al., 1977) in which hexachlorobenzene was given in daily gelatin capsules to 30 animals of each sex/
dosage group the duration of the study was only l year.

Although this is

not a long enough period of time for a carcinogenicity study in dogs, it is
of interest to note that the doses of 100, 10, l and 0.1 mg/kg bw/day
produced a number of toxic manifestations in the liver including bile duct
hyperplasia, hepatomegaly and liver necrosis.

This study is more appro-

priately considered under chronic toxicity.
Finally, Pereira et al. (1982) designed a study to determine whether
hexachlorobenzene
rats.

increased

y-glutamyltranspeptidase-positive

These foci are believed to be preneoplastic in the liver.

foci

in

The assay

was designed to test initiation/promotion in this case by employing diethylN-nitrosamine (DENA) as the initiating agent and hexachlorobenzene as the
promoter.
in

Unfortunately, there are some errors in reporting of the results

the published paper

(Pereira, 1983).
12.3.5.6.

and

some

important controls were

not

included

We have not yet received a corrected manuscript.

QUANTITATIVE

ESTIMATION -- Among

the

six

chlorinated

ben-

zenes reviewed in this document for their carcinogenic potential, only hexachlorobenzene provides sufficient data for a risk estimate.

This quantita-

tive section deals with estimation of the unit risk for hexachlorobenzene as
a potential carcinogen in air and water, and with the potency of hexachlorobenzene relative to other carcinogens that have been evaluated by the U.S.
EPA Carcinogen Assessment Group (CAG).

The unit risk for an air or water

pollutant is defined as the lifetime cancer risk to humans from daily exposure to a concentration of l µg/m 3 of the pollutant in air by inhalation, or to a concentration of l

µg/~

in water by ingestion.
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The unit risk estimate for hexachlorobenzene represents an extrapolation
below the dose range of experimental data.

/

There is currently no solid

scientific basis for any mathematical extrapolation model that relates exposure to cancer risk at the extremely low concentrations, including the unit
concentration given above, that must be dealt w1th in evaluating environmental hazards.

For practical reasons the correspondingly low levels of

risk cannot be measured directly either by animal experiments or by epidemiologic study.

Low dose extrapolation must, therefore, be based on current

understanding of the mechanisms of carcinogenesis.

At the present time the

dominant view of the carcinogenic process involves the concept that most
cancer-causing agents also cause irreversible damage to DNA.

This position

is based in part on the fact that a. very large proportion of agents that
cause cancer are also mutagenic.

There is reason to expect that the quantal

response that is characteristic of mutagenesis is associated w1th a linear
(at low doses) non-threshold dose-response relationship.

Indeed, there is

substant1al evidence from mutagenicity studies with both ionizing radiation

and a wide variety of chemicals that this type of dose-response model is the
appropriate one to use.

This is particularly true at the lower end of the

dose-response curve;

high

at

doses

there

can

be an

upward

curvature,

probably reflect1ng the effects of multistage processes on the mutagenic
response.

The

linear

non-threshold

dose-response

relationship

is

also

consistent with the relatively few epidemiologic studies of cancer responses
to specific agents that contain enough information to make the evaluation
possible (e.g., radiation-induced leukemia, breast and thyroid cancer, skin
cancer

induced

by arsenic

aflatoxins in the diet).
experiments

(e.g.,

the

in

drinking water,

liver

cancer

induced

by

Some supporting evidence also exists from animal
initiation stage of the two-stage carcinogenesis

model in rat liver and mouse skin).
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Because its scientific basis, although 11mited, is the best of any of
the current mathematical

extrapolation models,

the non-threshold model,

which is linear at low doses, has been adopted as the primary basis for risk
extrapolation to low levels of the dose-response relationship.

The risk

estimates made with such a model should be regarded as conservative, representing the most plausible upper limit for the risk (i.e., the true risk is
not likely to be higher than the estimate, but it could be lower).
For several reasons, the unit risk estimate based on animal bioassays is
only an approximate indication of the absolute risk in populations exposed
to known carcinogen concentrations.

First,

there are important species

differences in uptake, metabolism and organ distribution of carcinogens, as
well as species differences in target site susceptibility, immunological
responses, hormone function, dietary factors and disease.

Second, the con-

cept of equivalent doses for humans compared to animals on a mg/surface area
basis is virtually without experimental verification as regards carcinogenic
response.

Finally, human populations are variable with respect to genetic

constitution and diet,

living environment,

activity patterns and other

cultural factors.
The unit risk estimate can g1ve a rough indication of the relative
potency of a given agent as compared with other carcinogens.

Such estimates

are, of course, more reliable when the comparisons are based on studies in
which the test species, strain, sex and routes of exposure are similar.
The quantitative aspect of carcinogen risk assessment is addressed here
because of its possible value in the regulatory decision-making process,
e.g., in setting regulatory priorities, evaluating the adequacy of technology-based controls, etc.

However, the imprecision of presently available

technology for estimating cancer risks to humans at low levels of exposure
should be recognized.

At best, the nnear extrapolation model used here
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prov1des a rough but plaus1ble esUmate of the upper 11mH of r1sk -- that
is, with this model it is not likely that the true risk would be much more
than the estimated risk, but it could be considerably lower.

The risk esti-

mates presented in subsequent sections should not be regarded, therefore, as
accurate representations of the true cancer risks even when the exposures
involved are accurately defined.

The estimates presented may, however, be

factored into regulatory decisions to the extent that the concept of upperri sk limits is found to be useful.
12.3.5.6.1.
12.3.5.6.1.1.

Procedures for the Determination of Unit Risk -Low Dose Extrapolation Hodel.

The mathematical formula-

tion chosen to describe the linear non-threshold dose-response relationship
at low doses is the 11nearized mulUstage model (Crump and Watson, 1979).
This model employs enough arbitrary constants to be able to fit almost any
monotonically increasing dose-response data, and it incorporates a procedure
for estimating the largest possible linear slope (in the 95% confidence
limit sense) at low extrapolated doses that is consistent with the data at
all dose levels of the experiment.
Let P(d) represent the lifetime risk (probability) of cancer at dose d.
The multistage model has the form

where
qi~

0, i = 0, 1, 2, ... , k

Equivalently,

where
p (d)

t

=

P(d) - P(O)
1 - P(O)

is the extra risk over background rate at dose d.
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The point estimate of the coefficients qi. i
consequently,

the extra risk function,

=

0, l • 2.

• •• t

k, and

Pt(d). at any given dose d,

is

calculated by maximizing the likelihood function of the data.
The point estimate and the 95% upper confidence limit of the extra risk,
Pt(d}. are calculated by using the computer program, GLOBAL79, developed
by Crump and Watson (1979).

At low doses, upper 95% confidence limits on

the extra risk and lower 95% confidence limits on the dose producing a given
risk are determined from a 95% upper confidence limit. q1*• on parameter
ql.

Whenever

ql >

o.

at

low doses

the extra risk Pt(d)

has approxi-

Therefore, q * x d is a 95% upper
Pt(d) = q1* x d.
l
confidence limit on the extra risk and R/q 1* is a 95% lower confidence
lim'\t on the dose, producing an extra risk of R. Let L0 be the maximum

mately

the

form

The upper-limit q * is calculated
1
by increasing q1 to a value q1* such that when the log-likelihood is
remaximized subject to this fixed value q1* for the linear coefficient,
value of the log-likelihood function.

the resulting maximum value of the log-likelihood L satisfies the equation
1
2 (L - L ) = 2.70554
0
1
where 2. 70554 is the cumulative 90% point of the chi-square distribution
with one degree of freedom, which corresponds to a 95% upper-1 imi t (onesided).

This approach of computing the upper confidence limit for the extra

risk Pt{d)

is an improvement on previous models.

The upper confidence

limit for the extra risk calculated at low doses is always linear.
conceptually consistent with

the

linear

This is

non-threshold concept discussed

The slope, q1*. is taken as an upper-bound of the potency of the
chemical in inducing cancer at low doses. [In the section calculating the

earlier.

risk estimates, Pt(d) will be abbreviated as P.]
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In fitUng the dose-response model, the number of terms in the polynomial is chosen equal to {h-1), where h is the number of dose groups in the
experiment, including the control group.
Whenever the multistage model does not fit the data sufficiently well,
data at the highest dose is deleted and the model is refit to the rest of
the

data.

obtained.

This

is

continued until

an acceptable fit

to

the data is

To determine whether or not a fit is acceptable, the chi-square

statistic
h

x2

=

is calculated where N; is the number of animals in the 1the dose group,
the
dose group with a tumor
xi is the number of animals in the 1
response, P; is the probability of a response in the 1the dose group
estimated by. fitting the multistage model to the data, and h is the number
of remaining groups.

The fit is determined to be unacceptable whenever X2

is larger than the cumulative 99% point of the chi-square distribution with
f degrees of freedom, where f equals the number of dose groups mi nus the
number of non-zero multistage coefficients.
12.3.5.6.1.2.

Selection of Data.

For some chemicals, several studies

in different animal species, strains and sexes, each run at several doses
and different routes of exposure, are available.

A choice must be made as

to which of the data sets from several studies to use in the model.

It may

a 1so be appropriate to correct for metabolism differences between species
and for absorption factors
procedures used

i~

via different routes of administration.

The

evaluating these data are consistent with the approach of

making a maximum-likely risk estimate.

They are as follows:

l 2-S5

1.

The tumor incidence data are separated according to organ sites or tumor
types.
model

The set of data (i.e., dose and tumor incidence) used in the
is

the set where the incidence is statistically significantly

higher than the control for at least one test dose level and/or where
the tumor incidence rate shows a statistically significant trend with
respect to dose level.
the

lifetime

The data set that gives the highest estimate of

carcinogenic

risk,

q1*,

is

selected

in

most

cases.

However, efforts are made to exclude data sets that produce spuriously
high risk estimates because of a small number of animals.

That is, if

two sets of data show a similar dose-response relationship, and one has
a very small sample size, the set of data having the larger sample size
is selected for calculating the carcinogenic potency.
2.

If there are two or more data sets of comparable size that are identical
with respect to species, strain, sex and tumor sites, the geometric mean
of q *,
1

estimated from each of

assessment.

The

geometric

mean

these data sets,
of

numbers

A1 ,

is used for
A2 ,

•. . •

Am

risk
is

defined as
(A

3.

1

x A2 x ••• x Am)

l/m

•

If two or more significant tumor sites are observed in the same study,

and if the data are available, the number of animals with at least one
of the specific tumor sites under consideration is used as incidence
data in the model.
12.3.5.6.l.3.

Calculation of Human Equivalent Dosages.

Following the

suggestion of Mantel and Schneiderman (1975), it is assumed that mg/surface
area/day is an equivalent dose between species.

Since, to a close approxi-

mation, the surface area is proportional to the two-thirds power of the
weight, the exposure in mg/day 213 of the weight is also considered to be
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equivalent exposure.

In an animal

experiment.

this equivalent dose 1s

computed in the following manner.
Let
Le

duration of experiment

=

le = duration of exposure
m = average dose per day in mg during administration of the agent
(i.e .• during le)• and
W

average weight of the experimental animal

=

Then. the lifetime exposure is
d

ORAL:

Often exposures

are

=

le

x m

Le x w2/3

not given

in

units

of mg/day.

becomes necessary to convert the given exposures into mg/day.

and

it

Similarly. in

drinking water studies. exposure is expressed as ppm in the water.

For

example. in most feeding studies exposure is given in terms of ppm in the
diet.

In these cases. the exposure in mg/day is
m = ppm x F x r

where ppm is parts per million of the carcinogenic agent in the diet or
water. F is the weight of the food or water consumed per day in kg. and r is
the absorption fraction.

In the absence of any data to the contrary. r is

assumed to be equal to one.

For a unHorm diet. the weight of the food

consumed is proportional to the calories required. which in turn is proportional

to

the surface area. or two-thirds power of the weight.

demands are also assumed to be proportional to the surface area. so that
m a ppm x w213 x r
or
m

--- a

rw213
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ppm.

Water

As a result, ppm in the diet or water is often assumed to be an equivalent
exposure between species.

However, this is not justified in dose extrapola-

tion of laboratory animals to humans, since the ratio of calories to food
weight is very different in the diet of man as compared to laboratory
animals, primarily due to differences in the moisture content of the foods
eaten.

For the same reason, the amount of drinking water required by each

species also dHfers.

It

is therefore necessary to use an empirically-

derived factor, f = F/W, which is the fraction of an organism's body weight
that is consumed per day as food, expressed as follows:

Fraction of Body Weight Consumed as
Species

w

f food

fwater

Man
Rats
Mice

70
0.35
0.03

0.028
0.05
0.13

0.029
0.078
0.17

Thus, when the exposure is given as a certain dietary or water concentration
in ppm, the exposure in mg/w 213 is
m
ppm x F ppm x f x W= ppm x f x wl/3
=
=
rw213
w2/3
w213
When exposure is given in terms of mg/kg/day

=

m/Wr

=

s, the conversion is

simply

= s x wl/3,
INHALATION:

When exposure is via inhalation, the calculation of dose

can be considered for two cases where 1) the carcinogenic agent is either a
completely water-soluble gas or an aerosol and is absorbed proportionally to
the amount of air breathed in, and 2) where the carcinogen is a poorly
water-soluble gas which reaches an equilibrium between the air breathed and
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the body compartments.

After equilibrium is reached, the rate of absorpt1on

of these agents is expected to be proportional to the metabolic rate, which
in turn is proportional to the rate of oxygen consumption, which in turn is
a function of surface area.
Case l:

Agents that are in the form of particulate matter or virtu-

ally completely absorbed gases, such as sulfur dioxide, can reasonably be
expected to be absorbed proportionally to the breathing rate.

In this case

the exposure in mg/day may be expressed as

m=

I

xvxr

where I= inhalation rate per day in m3
and r

=

,

v = mg/m 3 of the agent in air,

the absorption fraction.

The inhalation rates, I, for various species can be calculated from the
observations of the Federation of American Societies for Experimental Biology (FASEB, 1974) that 25 g mice breathe 34.5 !l/day and 113 g rats breathe
105 !l/day.
area

For mice and rats of other weights, W (in kg),

proportionality

can

be

used

to find

breathing rates

the surface
in m3 /day as

fol lows:
For mice, I = 0.0345 (W/0.025) 213 m3 /day
For rats, I= 0.105 (W/0.113) 213 m3 /day
For humans,

the value of 20 m3 /day* is adopted as a standard breathing
rate (ICRP, 1977). The equivalent exposure in mg/W 213 for these agents

can be derived from the air intake data in a way analogous to the food

*From "Recommendation of the International Commission on Radiological Prosection", page 9.
The average breathing rate is 10 7 cm 3 per 8-hour
7
3
workday and 2xl0 cm in 24 hours.
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intake data.

The empi r 1ca l factors for the air intake/kg/day, i

=

I/W,

based upon the previously stated relat1onships, are tabulated as follows:

Therefore,

Species

-w-

Man
Rats
Mice

70
0.35
0.03

i

=

I/W

0.29
0.64
l. 3

for

particulates or completely absorbed gases,
exposure in mg;w 213 is

the equivalent

d = _m_ = lY!:_ = iWvr _ iwl/3vr
w2/3
w213
w213
In the absence of experimental information or a sound theoretical argument to the contrary, the fraction absorbed, r, is assumed to be the same
for all species.
Case 2:

al

The dose in mg/day of partially soluble vapors is proportionto the o2 consumption, which in turn is proportional to w213 and is

also proportional to the solubility of the gas in body fluids, which can be
expressed as an absorption coefficient, r, for the gas. Therefore, expressing the o consumption as o2 = k w213 , where k is a constant indepen2
dent of species, it follows that
m = k w213 x v x r
or
d

=

_m_

w213

=

kvr

As with Case l, in the absence of experimental information or a sound theoretical argument to the contrary, the absorpt1on fraction, r, is assumed to
be the same for all species.

Therefore, for these substances a certain

concentration in ppm or µg/m 3

in experimental animals

the same concentration in humans.

is equivalent to

This is supported by the observation that
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the minimum alveolar concentrat1on necessary to produce a given "stage" of
anesthesia is similar in man and animals (Dripps et al., 1977).

When the

animals are exposed via the oral route and human exposure is via inhalation
or vice versa,

the assumption is made,

unless

there is pharmacokinetic

evidence to the contrary, that absorption is equal by either exposure route.
12.3.5.6.1.4.

Calculation of the United Risk from Animal Studies. The
risk associated with d mg/kg 213 !day is obtained from GLOBAL79 and, · for
most cases of interest to risk assessment, can be adequately approximated by
P( d) = 1 - exp

A "unit risk"

( -q 1 *d).

in units

Xis

simply the risk

corresponding to an exposure of X = 1. This value is est1mated simply by
finding the number of mg/kg 2131day that corresponds to one unit of X, and
substituting this value into the above relationship.
X is

10- 3

Thus, for example, if
in the air, then for Case 1, d = 0.29 x 10 113 x

in units of µg/m 3
mg/kg 213 1day, and for

Case

d

2,

=

l,

when

µg/m 3

is

the

unit

used to compute parameters in animal experiments.
If exposures are given in terms of ppm in air, the following calculation
may be used:
1 ppm

1•2 x

=

molecular weight (gas) mg m3
/
molecular weight (air)

Note that an equivalent method of calculating unit risk would be to use
mg/kg for the animal exposures, and then to increase the jthe polynomial
coefficient by an amount
(Wh/Wa)

j/3

j =

1, 2, ... , k,

and to use mg/kg equivalents for the unit risk values.
ADJUSTMENTS FOR LESS THAN LIFESPAN DURATION OF EXPERIMENT:
duration of experiment L

e

If the

is less than the natural lifespan of the test

animal L, the slope q *, or more generally the exponent g(d), is increased
1

by multiplying a factor

(L/L p.
e

We assume that if the average dose d
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1s continued, the age-specific rate of cancer w111 cont1nue to 1ncrease as a
constant functlon of the background rate.

The age-specif1c rates for humans

increase at least by the third power of the age and often by a considerably
higher power, as demonstrated by Doll (1971).

Thus, it is expected that the

cumulative tumor rate would increase by at least the third power of age.
Uslng this fact, it is assumed that the slope q *, or more generally the
1
exponent g(d), would also 1ncrease by at least the third power of age. As a
slope q1* [or g(d)] is calculated at age Le, it is
expected that 1f the exper1ment had been continued for the full 11fespan L
result,

1f

the

at the given average exposure, the slope q * [or g(d)] would have been
1
1ncreased by at least (L/Le) 3 •
Thls adjustment is conceptually consistent with the proportional hazard
model

proposed by Cox (1972) and the time-to-tumor model considered by

Daffer et al. (1980), where the probability of cancer by age t and at dosed
is given by
P(d,t) = 1 - exp [-f(t) x g(d)].
12.3.5.6.2.

Un1t Risk Estimates --

12.3.5.6.2.1.

Data

Available

for

Potency

Calculation.

Hexachloro-

benzene has been shown to 1nduce tumors 1n hamsters, mice and rats.

The

primary target organ appears to be the liver in all three of these species.
Liver haemangioendotheliomas in hamsters and hepatocellular carcinomas in
rats were significantly increased in the hexachlorobenzene-treated animals.
The potency estimate calculated on the basis of hepatocellular carcinomas 1n
female rats is used to der1ve unit risk est1mates for hexachlorobenzene in
air and water.

This particular tumor site is selected for calculating unit

r1sks because it 1s a malignant tumor in the pr1mary target organ and
results 1n the h1ghest potency estimate.
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Increased incidences of thyroid, parathyroid, adrenal and kidney tumors
were also observed among these species.

Fourteen data sets showing signifi-

cant tumor incidences have been used herein to calculate the carcinogenic
potency of hexachlorobenzene.

These calculations provide a range of esti-

mates that, in part, reflect the uncertainties inherent in the risk assessment process.

Tables 12-29 through 12-32 summarize the data used to calcu-

late the potency of hexachlorobenzene.

These data have been discussed and

evaluated elsewhere in this chapter.
12.3.5.6.2.2.

Choice of

Low-Dose

Extrapolation.

In

addition

to

the

multistage model currently used by CAG for low-dose extrapolation, CAG also
uses three other mode 1s, the prob it, the Wei bull and the one-hit mode 1s, to
estimate the risks from exposure to hexachlorobenzene using the data for
hepatocellular

carcinoma

in

female

rats.

These models

cover almost

the

entire spectrum of risk estimates that could be generated from the existing
mathematical

extrapolation models.

These models are generally statistical

in character, and are not derived from biological arguments, except for the
multistage

model

hypothesis

of

which

has

carcinogenesis

Whittemore and Keller, 1978).

been

used

to

(Armitage and

support
Doll,

the

1954;

somatic

mutation

Whittemore,

1978;

The main differences among these models is

the rate at which the response function, P(d), approaches zero or P(O) as
dose, d, decreases.

For instance, the probit model would usually predict a

smaller risk at low doses than the multistage model because of the difference of the decreasing rate in the low-dose region.

However, it should be

noted that one could always artificially give the multistage model the same
(or even greater) rate of decrease as the probit model by making some dose
transformation and/or by assuming that some of the parameters in the multistage model are zero.

This, of course, is not reasonable without knowing, a
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TABLE 12-29
Tumor Incidences in Male and Female Hamsters Given
Hexachlorobenzene in Dieta

Doseb
(mg/kg/day)

Thyroid
Male

Hepatoma
Male

Female

Liver Hemangioendothelioma
Male

Female

0

0/40

0/40

0/30

0/40

0/39

4

0/30

14/30

14/30

1/30

0/30

9

1/30

26/30

17/30

6/30

2/30

16

8/57

49/57

51/60

20/57

7/60

asource: Cabral et a 1., 1977
bif the equivalent dose between humans and hamsters is assumed to be on
the basis of body surface, the dose in mg/kg/day is multiplied by a factor
(0.1/70)113, where 70 and 0.1 kg are, respectively, the average body
weights of humans and hamsters.
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TABLE 12-30

Incidence of Liver Cell Tumors in Male and Female Swiss Mice
Given Hexachlorobenzene Dieta

Ooseb
(mg/kg/day)

Malec

Femalec

0

0/47

0/49

6

0/30

0/30

12

3/12

3/12

24

7/29

14/26

asource: Cabral et al., 1979

bif the equivalent dose between humans and m1ce is assumed to be on the
basis of body surface area, the dose in mg/kg/day is multiplied by a factor
(0.035/70)113, where 0.035 kg and 70 kg are, respectively, the average
body weights of mice and humans.
cThe number of animals that survived at the first observed liver cell
tumor is used as the denominator.
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TABLE 12-31
Liver and Kidney Tumor Incidence Rates in Male and Female
Sprague-Dawley Rats Given Hexachlorobenzene in Dieta

Sex

Male
female

Doseb
(mg/kg/day)
0

4.24
8.48
0

4.67
9.34

Hepatocellular
Cardnoma

Hepatoma

Renal Ce 11
Adenoma

0/54
3/52
4/56

0/54
10/52
11/56

7/54
41/52
42/56

0/52
36/56
48/55

0/52
26/56
35/55

1/52
7156
15/54

asource: Lambrecht, 1983a,b. Additional data from this study on adrenal
pheochromocytoma has recently become available (Peters et al., 1983, summarized in Table 12-24) but was not available when quantitative estimates
were made.
bThe dosages are calculated by the investigator based on the average food
consumption of 22.6 g/rat/day and an average body weight of 400 g for male
rats. For female rats, the average food consumption is 16.5 g/rat/day and
the average body weight is 265 g. If the equivalent dose between humans and
mice is assumed to be on the basis of body surface area, the dose presented
in the table is multiplied by a factor (Wa/70)113, where Wa is the
body weight of male or female rats, and 70 kg is the human body weight.
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TABLE 12-32
Incidence Rate of Adrenal Pheochromocytoma in Female Sprague-Dawley
Rats (F1 generation) in a 2-Generation Feeding Study

Dos ea
(mg/kg/day)

Incidence Rateb
(used in calculations)

Revised Incidence RateC

0

2/48

2/49

0.02

4/50

4/49

0.08

4/50

0.40

5/49

1. 90

17/49

4/49

alf the equivalent dose between humans and rats is assumed to be on the
basis of body surface, the dose in this table is multiplied by a factor
(0.35170)113, where 70 kg and 0.35 kg are, respectively, assumed to be
the body weight of humans and rats.
bsource: Arnold et al., 1985
csource: Arnold, 1984.
The amended 1984 data are presented in
12-26, but were not available when quantitative estimates were made.
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Table

priori, what the carcinogenic process for the agent is.

Although the multi-

stage model appears to be the most reasonable or at least the most general
model

to use, the point estimate generated from this model is of lim1ted

value because it does not help to determine the shape of the dose-response
curve beyond experimental exposure levels.

furthermore, point estimates at

low doses extrapolated beyond experimental doses could be extremely unstable
and could differ drastically, depending on the amount of the lowest experimental dose. Since upper-bound estimates from the multistage model at low
doses are relatively more stable than point estimates, it is suggested that
the upper-bound estimate for the risk (or the lower-bound estimate for the
dose) be used in evaluating the carcinogenic potency of a suspect carcinogen.

The upper-bound estimate can be taken as a plausible estimate if the

true dose-response curve is actually linear at low doses.

The upper-bound

estimate means that the risks are not likely to be higher, but could be
lower if the compound has a concave upward dose-response curve or a threshold at low doses.

Another reason one can, at best, obtain an upper-bound

estimate of the risk when animal data are used is that the estimated risk is
a probability conditional
also a human carcinogen.

to the assumption that an animal carcinogen is
Therefore, in reality, the actual risk could range

from a value near zero to an upper-bound estimate.
12.3.5.6.2.3.
zene.

Calculation of the Carcinogenic Potency of Hexachloroben-

Fourteen sets of tumor incidences which show significant increases

(see Tables 12-29 through 12-32) are used herein to calculate the carcinogenic

potency

of

hexachlorobenzene.

Since

preparing

these

calculations

additional data from the Lambrecht et al.

(1983a,b) study (adrenal pheo-

chromocytoma) and from the Arnold et al.

(1985)

nodules) have become ava1lable.

study

(neoplastic

liver

Quantitat1ve estimates have not been made

12-108

using this data.

Using the multistage model for low-dose extrapolation, as

shown in Table 12-33, the potency estimates calculated on the basis of these
data sets are approximately within an order of magnitude from each other.
with the exception of the thyroid tumor.

These potencies provide a range of

estimates that reflects the uncertainties stemming from the differences in
species, tumor sites, solvent vehicles and composition of diet.

The range

does not reflect uncertainty resulting from the use of different extrapolation models.
To calculate the unit risks of hexachlorobenzene in air and water, CAG
used an estimate of carcinogenic potency based upon the data for hepatocellular carcinoma in female rats.

For comparison, three additional low-dose

extrapolation models, the probit, the Weibull and the one-hit models, are
also used to provide risk estimates at dose levels 0.01, 0.1 and 1 mg/kg/
day.

These results are presented in Table 12-34.

The maximum likelihood

estimate of the parameters for all four models are presented in Table A-1 in
the Appendix.

At l mg/kg/day. all four models predict comparable risks.

At

lower doses, the multistage model predicts a higher risk than the probit
model, but a lower risk than the Weibull model.
12.3.5.6.2.4.
Drinking Water.

Risk

Associated

with

l

µg/l

of

Hexachlorobenzene

in

Under the assumption that daily water consumption for a 70

kg person is 2 l, the hexachlorobenzene intake in terms of mg/kg/day is
d

=

(2l/day) x (lµg/l) x (10- 3 mg/µg) x (1/70 kg)

=

2.86 x io-s mg/kg/day.

Therefore, the risk from drinking water containing l µg/l of hexachlorobenzene is estimated to be
P

=

1.7 x 2.86 x 10- 5
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4.9 x lo-s.

TABLE 12-33
The Carcinogenic Potencya of Hexachlorobenzene, Calculated on the Basis of 14 Data Sets,b
Using the Linearized Multistage Model

Dose is Assumed to be
Eguivalent on the Basis of
Study

Hamster

_,
N
I
_,

Date Base

Thyroid (male)
Hepatoma:
Male
Female
Hemangioendothelioma:
Male
Fema·l e

0

Mice

Liver cell:
Male
Female

Reference
Body Weight

Surf ace Area

9.3 x 10- 3

8.3 x 10- 2

1.9 x 10-i
1.5 x 10-i

l. 7
1.3

3.2 x 10- 2
1.1 x 10- 2

2.8 x 10-i
1.0 x 10- 1

l. 7 x 10- 2

1.4 x 10- 2

2.1 x l 0- 1
1.8 x 10- 1

Cabral
et a1., 1977

Cabral
et a 1., 1979

TABLE 12-33 (cont.)

Dose is Assumed to be
Equivalent on the Basis of
Study

Date Base

Reference
Body Weight

Rats

......

Rena 1 ce 11:
Hale
Female

Surface Area
Lambrecht,
1983

2.5 x 10- 1
4.2 x 10- 2

Hepatocellular carcinoma:
Hale
Female

l.Bxl0- 2

Hepatoma:
Hale
Female

4. 7 x 10- 2

2.7 x 10-.i

I\,)

I
......
......

......

Rats
2-generation
study

Adrenal
Pheochromocytoma
(female)

1.5 x 10-.i

2.6 x 10-.i
9.0 x 10-.i

1.6

Arnold
et al., 1985

aql* (mg/kg/day)- 1 is the 95% upper confidence limit of the linear component in the multistage model.
bsince preparing these calculations, additional data from Lambrecht et al. (1983a,b) study (adrenal
pheochromocytoma) and from Arnold et al. (1985) study (neoplastic liver nodules) has become available.
These data have not been evaluated.

TABLE 12-34
Upper-Bounda (Point) Estimation of Risk.
Based on Hepatocellular Carcinoma in Female Ratsb

Risk at Dose Level {mg/kg/day}

Assumption of
Human Equivalent
Dose

Models

On the basis of
body weight

multistage

2.7 x 10- 3
(2.2 x 10- 3 )

2.7 x 10- 2
(2.2 x 10- 2 )

2.4 x 10- 1
(2.0 x 10- 1 )

probit

3.6 x 10- 9
( 1. 3 x lQ-l.O)

1.0 x 10- 3
(8.9 x l o-s)

3.4 x 10-1
( 1. 2 x 10- 1 )

Weibull

1.2 x 10-2
(2.5 x 10- 3 )

8.4 x 10- 2
(2.5 x 10- 2 )

4.3 x 10-1
(2.2 x 10- 1 )

one-hit

2.7 x 10- 3
(2.2 x l o- 3

)

2.7 x 10- 2
(2.2 x 10- 2 )

2.4 x 10- 1
(2.0 x l 0- 1 )

multi stage

1. 7 x 10- 2
( l. 4 x 10- 2 )

1. 7 x io- 1
( l. 3 x 10-1)

8. Oxl0- 1
(7.4 x 10- 1 )

pr obit

6.2 x 1o-s
( 4. l x l o- 6 )

1.3 x 10-1
(2.9 x 10- 2 )

8.2 x 10- 1
(7. 5 x 10- 1 )

Weibull

5.0 )( 10- 2
( 1. 3 x 10- 2 )

2.9 x lo- i
( l. 3 x 10-i)

8.1 x lo-i
(7.4 x 10-1)

one-h1 t

1. 7 x 10- 2
( 1. 4 x 10-2)

1. 7 x 10- 1
( l. 3 x l 0- 1 )

8.ox10- 1
(7.4 x 10- 1 )

On the basis of
surf ace area

0.01

ags% upper confidence limit
bsource: Lambrecht. 1983
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0. l

1.00

q1* = 1.7/(mg/kg/day),
based on the data on hepatocellular carcinomas in female rats, assuming that
This

calculation

uses

the

carcinogenic

potency

dose per surface area is equivalent between rats and humans.

If the equiva-

lent dose is assumed to be on the basis of body weight, the unit risk, P,
would be reduced to 7.6xl0- 6
12.3.5.6.2.5.
A1r.

•

Risk Associated with l

µg/m 3

of Hexachlorobenzene 1n

Since no inhalation study has been performed on hexachlorobenzene,

the risk from inhalation exposure can only be estimated by using the carciq * = 1.7/(mg/kg/day), as calculated from the dietary
1
study referred to elsewhere in this chapter. The assumpt1on is made that

nogenic

potency,

the hexachlorobenzene absorption rate is the same whether exposure is via
the oral or the inhalation route.
Assuming

the

volumetric

breathing

rate

of

20 m3 /day for

a 70 kg

person, the rate in mg/kg/day corresponding to l µg/m 3 hexach lorobenzene
in air is
d = (20 m3 /day) x (10- 3 mg/µg) x (1/70 kg) = 2.86 x 10- 4 mg/kg/day.
Therefore,

the risk due to inhaling air contaminated with l µg/m 3 hexa-

chlorobenzene is
p

=

1.7 x 2.86 x 10- 4

=

4.9 x 10- 4 •

This estimation is .based on the assumption that dose per surface area is
equivalent between humans and rats.

If dose per body weight is assumed to

be equivalent, the unit risk would be reduced to 7.6xl0- 5
12. 3. 5. 6. 3.

•

Compar 1son of Potency with Other Compounds -- One of the

uses of quantitative potency estimates is to compare the relative potency of
carcinogens.

Figure 12-1 is a histogram representing the frequency distri-

bution of potency indices for 54 suspect carcinogens evaluated by CAG.

The

actual data summarized by the histogram are presented in Table 12-35.
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FIGURE 12-1
H1stogram Represent1ng the Frequency 01str1but1on of the Potency Ind1ces
of 54 Suspect Carc1nogens Evaluated by the Carc1nogen Assessment Group
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TABLE 12-35
Relative Carcinogenic Potencies Among 54 Chemicals Evaluated by the Carcinogen Assessment Group
as Suspect Human Carcinogensa,b,c

Compounds

......
N
I

......
......
U"I

Acrylonitrile
Af latoxin B1
Aldrin
Allyl chloride
Arsen1c
B[a]P
Benzene
Benzidene
Beryllium
Cadmium
Carbon tetrachloride
Chlordane
Chlorinated ethanes
1,2-Dichloroethane
Hexachloroethane
1,1,2,2-Tetrachloroethane
l,l,2-Trichloroethane
Chloroform
Chromium

Molecular
Weight

Potency
Index

Order of
Magnitude
(log10 index)

lxlO+ l
9xlo+ 5
4xl0+ 3

234 (W)
2.6
7.8 (W)
1. 30 x l 0- 1
1.61

53. l
312.3
369.4
76.5
149.8
252.3
78
184.2
9
112.4
153.8
409.8

4xl0°
4xl0+ 4
2xlO+l
9xl0+ 2
2xl0+ 1
7xlo+ 2

+l
+6
+4
0
+3
+3
+l
+5
+l
+3
+l
+3

6.9 x 10- 2
l.42x10-2
0.20
5.73 x 10-2
1 x 10- 2
41 (W)

98.9
236.7
167.9
133.4
119.4
100

7xl0°
3xl0°
3x10+1
Bxl0°
Bxl0°
4xlo+3

+l
0
+l
+l
+l
+4

Slope
(mg/kg/day)- 1
0.24 (W)
2924
11. 4
1.19 x 10-2
15 ( H)
11. 5
5.2 x 10- 2 (W)

9xl0- 1
2xl0+ 3
3xlo+ 3

TABLE 12-35 (cont.)

Compounds

__,
N
I

__,

__,

CTI

DDT
Dichlorobenzidine
1,1-Dichloroethylene
Oieldrin
2,4-0initrotoluene
Di phenyl hydrazine
Epkh 1orohydr in
Bis(2-chloroethyl)ether
Bis(chloromethyl)ether
Ethylene dibrornide (ECB)
Ethylene oxide
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexane
Technical grade
Alpha isomer
Beta isomer
Gamma isomer
Hexachlorodibenzodioxin
Methylene chloride
Nickel

Slope
(mg/kg/day)- 1
0.34
1.69
1.47 x 10- 1
30.4
0. 31
0.77
9.9 x io- 3
1.14
9300 (I)
41
1. 26 (I)
3.37
1.67
7.75 x 10- 2
4.75
11.12
1.84
1.33
4
1. l x 10+
6.3 x 10- 4
1.15 (W)

(I)

Molecular
Weight

Potency
Index

Order of
Magnitude
( 1og10 index)

354.5
253.l
97
380.9
182
180
92.5
143
115
187. 9
44.1
373.3
284.4
261

lxl0+ 2
4xl0+ 2
lxlO+l
1xl0+ 4
6xl0+ 1
1xl0+ 2
9xl0- 1
2xlo+ 2
1x10+ 6
8xl0+ 3
6xl0+ 1
1x10+ 3
5xlo+ 2
2xlO+l

+2
+3
+l
+4
+2
+2
0
+2
+6
+4
+2
+3
+3
+l

290.9
290.9
290.9
290.9
391
84.9
58.7

l x10+3
3x1Q+3
5x10+2
4xlo+ 2
4xl0+ 6
5x10- 2
7x1Q+ 1

+3
+3
+3
+3
+7
-1
+2

TABLE 12-35 (cont.)

Compounds

_,
N
I

_,
_,

......

Nitrosamines
Dimethylnitrosamine
Diethylnitrosamine
Dibutylnitrosamine
N-nitrosopyrrolidine
N-nitroso-N-ethylurea
N-nitroso-N-methylurea
N-nitroso-diphenylamine
PCBs
Phenols
2,4,6-Trichlorophenol
Tetrachlorodibenzo-p-dioxin
Tetrachloroethylene
Toxaphene
Trichloroethylene
Vinyl chloride

Slope
(mg/kg/day)- 1

25.9 (not by Q1*)
43.5 (not by Q1*)
5.43
2. 13
32.9
302.6
4.92 x 10-3
4.34
1. 99 x 10- 2

1.56 X 10 5
3.5 x 10- 2
1.13
l.9x10- 2
1. 75 x 10- 2

(I)

Molecular
Weight

Potency
Index

Order of
Magnitude
( 1og10 index)

74.1
102.1
158.2
100.2
117. l
l 03. l
198
324

2x10+3
4x10+3
9x10+2
2x10+2
4x10+3
3x10+4
lxlQO
lxl0+ 3

+3
+4
+3
+2
+4
+4
0
+3

197.4
322
165.8
414
131. 4
62.5

4XlQO
5xl0+ 7
6XlQO
5xlo+ 2
2.5xlQO
l xl 0°

+l
+8
+l
+3
0
0

aAnimal slopes are 95% upper-limit slopes based on the linearized multistage model. They are calculated
based on animal oral studies, except for those indicated by I (animal inhalation), W (human occupational
exposure, and H (human drinking water exposure). Human slopes are point estimates based on the linear
non-threshold model.
bThe potency index is a rounded-off slope in (mMol/kg/day)- 1 and is calculated by multiplying the
slopes in (mg/kg/day)- 1 by the molecular weight of the compound.
CNot all of the carcinogenic potencies presented in this table represent the same degree of certainty.
All are subject to change as new evidence becomes available.

The potency index is derived from q1*. the 95% upper bound of the linear
component in the multistage model. and is expressed in terms of (mMol/kg/
day)- 1
1n

•

Where no human data were ava1lable. animal oral studies were used

preference to animal inhalation studies. since oral studies have consti-

tuted the majority of animal studies.
Based on data concerning hepatocellular carcinomas in female rats. the
potency index for hexachlorobenzene has been calculated as 5xl0 2

This

•

figure is der1ved by multiplying the slope q * = 1.7/(mg/kg/day) and the
1
molecular weight of hexachlorobenzene. 284.4. This places the potency index
for hexachlorobenzene in the second quartile of the 54 suspect carcinogens
evaluated by CAG.
The ranking of relative potency indices is subject to the uncertainties
involved in comparing a number of potency estimates for different chemicals
based on varying routes of exposure in different species by means of data
from studies whose quality varies widely.

All of the indices presented are

based on estimates of low-dose risk. using linear extrapolaUon from the
observational range.

These indices may not be appropriate for the compari-

son of potencies if linearity does not exist at the low-dose range. or if
comparison is to be made at the high-dose range.

If the latter is the case.

then an index other than the one calculated above may be more appropriate.
12.3.5.6.4.

Summary of Quantitative Estimation -- Data on hepatocellu-

lar carcinomas in female rats after oral ingestion have been used to estimate the carcinogenic potency of hexachlorobenzene and the risks associated
with one unit of the compound in drinking water and air.
cancer
water

risks
and

associated

l µg/m 3

5x10-s and 5xl0- 4 •

of

with

1 µg/1

of

hexachlorobenzene

respectively.

The upper bound

hexachlorobenzene
in

air

are

in

estimated

drinking
to

be

These estimates are calculated on the
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basis of the assumpUon that dose per surface area is equhalent among
species.

If

the dose is assumed to be equivalent on the basis of body

weight, the corresponding risk would be reduced approximately by a factor of
6.

The carcinogenic potencies of hexachlorobenzene are also estimated on

the basis of 13 other data sets, encompassing different tumor sites and
animal species.

Except for the case of thyroid tumors, these potency esti-

mates differ from each other within a single order of magnitude.

The range

of the estimates reflects the uncertainties due to differences in species,
tumor sites, solvent vehicles, composition of diet, etc.
12.3.5.7.

CARCINOGENICITY

SUMMARY -- In a

lifetime

study

of

hexa-

chlorobenzene administration to hamsters, hepatoma was induced in both males
and females.

The response at a dose of 4-5 mg/kg/day dissolved in corn oil

and mixed in the feed was 47% for both sexes and controls had no hepatomas.
In addition to hepatomas, hamsters responded to hexachlorobenzene treatment
with malignant liver haemangioendothelioma and thyroid adenoma.

The inci-

dence of haemangioendothelioma was 20% in males (versus 0 in controls) at 8

mg/kg/day and 12% in females {versus O in controls) at 16 mg/kg/day.

The

thyroid adenoma occurred at 14% incidence in males treated with 16 mg/kg
hexachlorobenzene {versus 0 in controls).
Liver cell tumors, described as hepatomas, were also produced in both
sexes in Swiss mice.

At 24 mg/kg/day the incidence was 34% for females and

16% for males and the response showed a dose-dependency not only in the
number of tumor-bearing animals but also in the latent period, multiplicity
and size of tumors.

In ICR mice, hexachlorobenzene administered concur-

rently with polychlorinated terphenyl induced hepatocellular carcinomas.
In
liver,

rats

target

kidney,

organs

adrenal

for

hexachlorobenzene-induced

tumors

included

gland and parathyroid gland in various studies.

Liver tumors were found in three studies which included three different
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strains of rat:
Dawley rats.
day.

Agus (a liver tumor sensitive strain), Wistar and Sprague-

These tumors were induced with doses between 1.5 and 8 mg/kg/

The incidence was as high as 100% in Agus rats but lower for the other

strains.

Renal cell tumors were found in one study on Sprague-Dawley rats.

In two studies on Sprague-Dawley rats,
pheochromocytoma in females were found.

significant increases in adrenal
In one of these studies the inci-

dence of parathyroid tumors in males was significantly increased as well.
Table 12-36 summarizes the tumor data for hamsters, mice and rats for
hexachlorobenzene experiments.
The data on hexachlorobenzene provide sufficient evidence of the carcinogenicity and

tumorigenicity of hexachlorobenzene since there were in-

creased incidences of malignant tumors of the liver in two species (haemangioendothelioma in hamsters and hepatocellular carcinoma in rats) as well as
reports of hepatoma in mice, rats and hamsters.
The appearance of thyroid tumors in hamsters and adrenal pheochromocytomas and parathyroid tumors in rats as a result of hexachlorobenzene exposure
is particularly interesting because of the clinical association of adrenal
pheochromocytomas with parathyroid and thyroid tumors in humans (Fraumeni,
1974; Hill, 1974), and because follow-up of individuals in Turkey, who were
accidentally exposed to hexachlorobenzene over 25 years ago, shows a marked
increase in enlarged thyroids.

Only a few of these subjects have had their

thyroids examined histologically and the pathology reports are not yet
available.
If the IARC criteria for the classification of carcinogens were used,
this animal evidence would be considered

11

sufficient. 11

In the absence of

human evidence of carcinogenicity, hexachlorobenzene would be classed in
!ARC category 28, meaning that it has been demonstrated to be carcinogenic
in animals and is probably carcinogenic in humans.
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TABLE 12-36
S1gn1f1cantly Increased Inc1dence of Tumors 1n An1mals G1ven Hexachlorobenzene 1n 01et

% Treated/% Control
Organ

An1mal
(stra1n)

.....
N

I
.....
N
.....

Tumor

Males

Females

Lowest Dose
to Produce Tumor
(mg/kg bw/day)

Reference

Hamsters

11ver

hepatoma

47/0

47/0

4

Cabral, 1977

Hamsters

11ver

haemang1oendothel1oma

20/0

12/0

8 1n males
16 1n females

Cabral, 1977

M1ce

l 1ver

hepatoma

16/0

34/0

24

Cabra 1, 1979

Rats
(S.O.)

11ver

neoplast1c nodules

NS

20/0

1.5

Arnold, 1983

Rats
(S.D.)

11ver

hepatoma

19/0

46/0

4-5

Lambrecht
et al., 1983a

Rats
(S.D.)

liver

hepatocellular
carc1noma

NS

64/0

4-5

Lambrecht
et al . , l 983a

Rats
(W1star)

11ver

hepatoma

67/0

6-8

Sm1th and
Cabral, 1980

Rats
(Agus)

11ver

hepatoma

100/0

6-8

Sm1th and
Cabral, 1980

Rats
(S.D.)

adrenal

pheochromocytoma

NS

35/4

1.5

Arnold, 1983,
1984

Rats
(S.D.)

adrenal

pheochromocytoma

NS

91/14

4-5

Peters et al.,
1983

Rats
(S.D.)

k1dney

renal cell adenoma

79/13

13/2

4-5

Lambrecht
et al., 1983b

Rats
(S.O.)

parathyro1d

adenoma

25/4

1.5

Arnold, 1983

Hamsters

thyro1d

adenoma

14/0

NS

= Not

stated

NS

16

Cabral, 1977

A quantitative estimate of the carcinogenic potency of hexachlorobenzene
was made from data on the hepatocellular response in female rats.

The unit

risk estimate for human exposure to l µg/m 3 in air is 5xl0- 4 and for l
µg/i

of

drinking

water

is

4.9xlo-s.

The

upper-bound

slope

of

the

dose-response curve, q *. is 1.7/(mg/kg/day), giving a potency index which
1
is in the second quartile of 54 suspect carcinogens evaluated by the
Carcinogen Assessment Group of the U.S. EPA.

Corresponding estimates from

13 other data sets, encompassing dHferent tumor sites and animal species,
fall within a factor of 10 of these estimates except for thyroid tumors in
hamsters, which give estimates of about 1/20 of the potency based on the rat
hepatocellular carcinoma response.
12.3.6.

Reproductive and Teratogenic Effects.

Hexachlorobenzene has been

shown to cross the placenta into fetal tissues and to be present in the milk
of nursing dams (see Section 12.1.2.).

The NOEL in a 4-generation reproduc-

tion study with rats was reported to be 20 ppm of hexachlorobenzene in the
diet.

Pups from treated dams (receiving diets containing 80 ppm hexachloro-

benzene) recovered from elevated liver weights when nursed by foster dams.
Hepatomegaly and reduced survival was reported in kittens from cats receiving 263 ppm of hexachlorobenzene in their diets.

Infant rhesus monkeys

developed clinical signs of toxicity, but histologic examination showed only
mild effects.

Fetal mice from dams treated with 100 mg/kg/day during days

7-16 of gestation exhibited teratogenic abnormalities.
Results from a 4-generation reproduction study with Sprague-Dawley rats
was reported by Grant et al. (1977).

Weanling rats, in groups of 20 females

and 10 males, were fed diets containing 0, 10, 20, 40, 80, 160, 320 or 640
µg

hexachlorobenzene/g and at

100 days

mated to produce the Fla generation.
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of

age

the

F generation was
0
The Fla pups were weaned at 21

days, and the F rats were rested for 14 days and again mated to produce
0
the second litter, Flb animals.
The Flb animals were then used to
produce

the next generation,

and this sequence was followed to the F b
4
The two highest doses (320 and 640 µg/g) were toxic to the

generation.

mothers and resulted in 20 and 50% mortality, respectively, before the first
whelping and 25% in each high dose group before the second whelping.

In

addition, the fertility index in these rats was greatly reduced in these two
dose groups and

the average

litter

size was

decreased in the F b, F a
1
2
The pups exhibited no gross abnormalities, but there

and F2b generations.
was an increased number of stillbirths and all pups born alive died within 5
days in the 320 and 640 µg/g diet groups.
At the 160 µg/g level, 55% of the pups survived to day 5 but survival
to day 21 was greatly reduced.

The number of live births and survhal was

normal for the first two generations at the 80 µg/g dietary level, but by
the third generation there were stillbirths and a low degree of postnatal
viabililty.
less

than

weights

In addition, birth and weanling body weights were consistently
those of the control group.

of

the

21-day-old

pups

were

At 40 µg/g diet only the liver
significantly

kidney, heart and brain weights were not affected.
hexachlorobenzene
concentration.

were

dose-related,

with

body

increased,

while the

Tissue concentrations of
fat

having

the

highest

The NOEL was reported to be 20 ppm in the diet.

The effect of hexachlorobenzene on rat reproduction was also reported by
Kitchin et al.

(1982).

Female Sprague-Dawley rats

(10 animals/treatment

group) were fed diets containing 0, 60, 80, 100, 120 and 140 µg hexachlorobenzene/g of diet.
96 days and
litter.

The females were mated with untreated males after

then bred a second time 12 days after weaning of the Fla

Fertility and fecundity of treated females were not affected by
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treatment; however, a dose-related 21-day increase in mortality was observed
in both 1H ters and the Lo 50 va 1ues were determined to be 100 and 140
µg/g (maternal dietary concentration) for the Fla and F1b generation,
respectively.
Mendoza et al.

(1978)

studied

the effects

of

hexachlorobenzene on

preweanling Wistar rats after a reciprocal transfer between 5 treated and 5
control dams.

A significant increase in the nver weight over that of the

control was observed in pups nursed by dams fed diets containing 80 µg
hexachlorobenzene/g for 2 weeks before mating until birth, but this effect
did not persist after the treated pups were transferred to a control foster
dam.

Similarly, the pups nursed by treated dams had smaller brains, hearts,

kidneys and spleens than the controls, and these organs were larger in
treated pups nursed by control dams.

The authors concluded that hexachloro-

benzene transmission via the milk had greater effects on the pups than
transmission via the placenta.
Mendoza et al. (1979) placed female Wistar rats on diets containing 80
µg hexachlorobenzene/g beginning 2 weeks before mating until 35-36 days
after weaning.

Results indicated that there were no marked differences in

the external appearance, body weight, liver weight, gestation, or neonatal
survival

between the hexachlorobenzene treated and control females.

In

addition, there were no differences in the number of litters, average number
of pups/litter, average number of pups at birth and gestation index.
Hansen et al. (1979) studied the effects of hexachlorobenzene on reproduction in cats fed contaminated pork cakes for 142 days.

These cakes con-

tained 90±51 µg hexachlorobenzene/g, equivalent to an intake of 3 mg/day/
cat, and were obtained from gilts fed diets containing 100 µg hexachlorobenzene/g for

6-8 weeks

before

slaughter.
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The

positive and untreated

control groups received pork cakes from gilts fed diets that did not contain
hexachlorobenzene,
benzene-spi ked

with

cakes

the

positive

( 263.:t_l 20 µg/g

control

equivalent

group

receiving

hexachloro-

to 8. 7 mg/day/cat).

These

females were mated with untreated males and the resulting kittens did not
receive hexach lorobenzene-conta i ni ng cakes.

Effects on survival were noted

in kittens born to only those cats receiving hexachlorobenzene-spiked cakes
and was apparently due to the kittens being too weak to survive the stress
of

weaning.

There

was

a

tendency for

reduced average

litter

sizes and

increased mortality of nursing positive control kittens, and statistically
significant hepatomegaly and reduction in positive control kitten survival
at weaning.

Treated positive control females exhibited a net weight loss

and increased susceptibility to disease but no changes

in relative organ

weights, hematologic parameters, or fecal coproporphyrin excretion.
Rush

et

al.

(1983)

fed

adult

male

and

female

standard

dark

minks

(Mustela vision) diets containing 0, l or 5 ppm hexachlorobenzene and then

mated the males to the females in each of the respective study groups.

The

resulting mink kits were fed their parents respective diets after weaning
from their mothers.

The effects of exposures to hexachlorobenzene

in.

utero

and from nursing milk resulted in increased mortality in the hexachlorobenzene-treated weanlings with mortality in the 0, 1 and 5 ppm groups being

8.2, 44.1 and 77.4%, respectively.

The surviving kits from all three groups

had no observed alterations in whole body, kidney or l1ver weights and no
observed damage to the kidneys or livers at 17 weeks of age.
hepatic mixed-function oxidases was observed in

the surviving hexachloro-

benzene-exposed kits without any observable frank hepatotoxicity.
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Induction of

Bailey et al. (1980} studied the transfer of hexachlorobenzene to three
nursing

infant

rhesus

monkeys

from

three

lactating mothers

recehing by

gavage 64 mg/kg/day of hexachlorobenzene suspended in methyl cellulose for
60 days.

The hexachlorobenzene concentrated

in the mothers'

from 7.51-186 ppm during the dosing schedule.

milk ranged

One infant. by day 22. had

developed symptoms of hypoactivity and lethargy which progressed to ataxia
and

death

l

week

later.

Autopsy

revealed

severely congested

lungs.

A

second infant died on day 38 and autopsy revealed a subdural hematoma and
bilateral hemorrhagic pneumonia.

This indicated that the risk of exposure

to

than

nursing

infants

was

greater

the

risk

to

their

mothers.

Blood

(0.42-49.44 ppm} and tissue levels in the infants were higher than in their
mothers (0.41-16.16 ppm blood). and the infants developed clinical symptoms
of toxicity while the mothers were asymptomatic.
Studies on the placental

transfer of hexachlorobenzene in Wistar rats

and New Zealand rabbits did not reveal any apparent adverse effects on fetal
development.

The female rats were dosed daily with 5, 10, 20, 40 or 80

mg/kg from day 6-16 of gestation. whereas the rabbits were treated with 0,
0.1, 1.0 or 10 mg/kg from day 1-27 of gestation.

The compound was dissolved

in corn oil and administered by means of a stomach tube (Villeneuve et al.,
1974; Villeneuve and Hierlihy, 1975).
Khera (1974) conducted a teratogenicity study with groups of 7-16 female
Wistar rats given single oral

doses of 0,

10,

20,

40, 60, 80 or 120 mg

hexach 1orobenzene/kg suspended in corn oil or O. 25% aqueous gum tragacanth
during

gestation

days

6-21.

Maternal

toxicity

weights resulted from the two higher doses.

and

reduction

in

fetal

Maternal toxicity was charac-

terized by loss in body weight. hyperesthesia. tremors and convulsions.

A

signHicant increase in the incidence of unilateral and bilateral 14th rib
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was observed and was related to the duratton of treatment (days 10-13, 6-16
or 6-21 of gestation) and the dose.

Sternal defects were observed in only l

of 4 experiments, which lead the authors to conclude that it was doubtful
that hexachlorobenzene caused the observed sternal defects.
hexach l orobenzene-re lated effects on externa 1 morphology.

There were no
V1scera1 abnor-

malities were not observed, and microscopic examinations did not reveal any
treatment-related change in the histology of the fetuses.

Values for live

and dead fetuses, resorption sites, and fetal weight were within the control
limits.
Courtney et al. (1976) studied the effects of ingestion of 100 mg/kg/day
hexachlorobenzene on days 7-16 of gestation in 10 pregnant CD-1 mice.
study was
could

be

undertaken

to

results

to evaluate the possibility that hexachlorobenzene

responsible

exposed

for

fetal

malformations

hexach l orobenzene-contami na ted

showed that

This

seen

in

pregnant animals

pentach l oronitrobenzene.

The

the hexachlorobenzene-treated mice had significantly

increased

maternal

liver-to-body

weight

ratios

and

decreased

weights.

Also, a significant increase in the incidence of abnormal fetuses

per litter were observed as compared to control mice.
that were observed

in

these affected

fetuses

fetal

body

The abnormalities

were cleft

palates,

one

straight leg, small kidneys, one renal agenesis, and enlarged renal pelvis.
They concluded from this study that the teratogenic activity of contaminated
pentachloronitrobenzene was probably due to hexachlorobenzene.
12.4.

INTERACTIONS

Certain chemicals have been shown to alter the toxicity and pharmacokinetics
increased

of

hexachlorobenzene
the

in

porphyrinogenic

decach 1or obi phenyl had no effect.

mammals.
effect

of

Pentachlorophenol
hexachlorobenzene,

and

iron

whereas

Hexach 1orobenzene pretreatment resu 1ted
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in increased CC1 4 toxicity and altered immune responses in hexachlorobenzene-trea ted animals. In addition, hexach l orobenzene has been shown to
induce hepatic xenobiotic metabolism and thus has the potential to alter the
rate and extent of metabolism of other chemicals (see Section 12.3.1.).
Debets et al. (1980b) studied the effect of pentachlorophenol (PCP) on
hexachlorobenzene toxicity.
1000 µg

Groups of female rats were fed diets containing

hexachlorobenzene/g,

500 µg pentachlorophenol/g, or both chemi-

cals in the same amounts, and a fourth group served as the control.

Penta-

chlorophenol accelerated the onset of hexachlorobenzene-induced porphyria,
as indicated by an increase in urinary excretion of uroporphyrin and a
decrease of porphyrins with two and three carboxylic groups.

This increase

occurred -3 weeks earlier in the hexachlorobenzene plus pentachlorophenoltreated animals than in hexachlorobenzene-treated animals.
Razzardini and Smith (1982) investigated diethylstilboestrol (DES) pretreatment on hexachlorobenzene metabolite excretion in young male and female
F344/N rats.

The rats were injected i.p. with four doses of DES dipropio-

nate 20 µmoles/kg dissolved in arachis oil over a 24-day period and then
given 14 mg/kg hexachlorobenzene by oral intubation for 7 days.

The results

indicated that the DES pretreatment stimulated the excretion, via urine and
feces, in both males and females (Table 12-37).
Blekkenhorst et al. (1980) reported that the simultaneous i .m. administration of iron and hexachlorobenzene caused a marked potentiation of hexachlorobenzene porphyrinogenic effect in rats.

This was shown by a decrease

in hepatic uroporphyrinogen decarboxylase activity and increased urinary and
fecal porphyrin excretion.

Conversely, simultaneous bleeding of hexachloro-

benzene-treated rats diminished the porphyr i nogeni c effect of hexach l orobenzene.
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TABLE 12-37
Analysis of the Excreta from Rats Administered Hexachlorobenzene
After an Initial Treatment with Diethylstilboestro1a.b

Sex and Treatment

Urine
Male +
Male +
Female
Female
.......
N
I

.......

N
l.O

oil
DES
+ oil
+ DES

Feces
Male + oil
Male + DES
Female +oil
Female + DES

Pentachlorophenol

151 + 19
190 + 22
174 + 17
453 losf

+

85 + 15
160 23f
116 + 35
279 + 80

+

Tetrachlorobenzene-1,4-diol
(nmole/24 hours/kg bw}

3 +
17
16
35 +

l

Pentachlorothiophenol

9

23 + 3
158 gc
142 12e
176 7f

Trace
Trace
Trace
Trace

74 + 23
166 + 33
65 + 4
149 ~ 13C

+2c
+2d

+
+
+

asource: Razzardinia and Smith, 1982
bHale and female rats (52-54 and 71-73 days old, respectively} were given 20 µmole of DES dipropionate/kg dissolved in arachis oil (10 mg/m2.) or oil alone by i .p. injection on days 1, 4, 14 and 24.
From day 25 all rats were given 14 mg of hexachlorobenzene/kg by oral intubation daily for 7 days. After
the last dose 24-hour samples of urine and feces were collected, hydrolyzed and analyzed. Results are
means! S.E.M. (n=4/group).
c
Significance of differences from rats not given DES, p<0.001
dSignificance of differences from males, p<0.005
eSignificance of differences from males, p<0.001
fs;gnificance of differences from rats not given DES, p<0.05
Total excretions of these metabolites were: male, 336.±_57; male + DES, 691.±_70 (p<0.01); female, 513.±_62;
female + DES, 1092!175 (p<0.025) nmole/24 hours/kg

Goldstein et al.
chlorobenzene

(1978) studied the comparative toxicHy of pure hexa-

(purity >99%)

and

technical

hexachlorobenzene

(purity 92%)

which was known to contain 200 ppm of decachlorobiphenyl and 4 ppm of octachlorodibenzofuran, in female CD rats fed diets containing O, 30, 100, 300
or

1000 µg

hexachlorobenzene/g

for

up

to 15 weeks.

tained other chlorinated di benzofurans or

Neither

di benzo-p-dioxi ns.

grade conBoth grades

resulted in comparable effects (porphyria, cutaneous lesions, hyperexcitability, changes in liver enzymes and morphological liver changes) in treated
rats, although the technical grade appeared to be slightly more potent than
pure hexachlorobenzene

in

its

effects on the pulmonary endothelium.

The

impurities did not appear to have a synergistic effect.
Kluwe et al.

(1982)

reported that pretreatment of male Sprague-Dawley

rats with hexachlorobenzene resulted in increased cc1

4

toxicity.

The rats

received seven doses of hexachlorobenzene at 30 mg/kg in corn oil once every
72 hours followed by an i.p.

injection of cc1

4

at 0.0, 0.03, 0.05, 0.25,

1.0 or 2.0 m2./kg in 4 m2./kg corn oil 24 hours after the last hexachlorobenzene

treatment.

induced

acute

hepatocellular

Hexachlorobenzene

growth

retardation,

pretreatment

renal

necrosis and further

tubular

reduced

increased
functional

the survival

of

the

CC1 4

impairment,
the animals.

Variable results were reported in a study on the effect of hexachlorobenzene
pretreatment of male albino Sprague-Dawley rats on the l!!. vivo biotransformation,

residue

deposition,

and

elimination

of

14 C-aldrin,

DOT, hexachlorobenzene or mirex (Clark et al., 198la).

1-naphthol,

There was no evi-

dence of qualitative changes in the biotransformation of any test compound
that

could

be attributed

to hexachlorobenzene pretreatment.

residue deposition gave mixed

results:

rats

hexachlorobenzene

fed

diets

containing
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less

14

Analysis

of

C residues were found

in

and

then

treated

with

14

C-aldrin,

treatment,
14

more

14

C residues

were

found

after

and no difference was evident after

C-l-naphthol

treatment.

14

14

C-DDT

or

14

C-mirex

C-hexachlorobenzene or

Hexachlorobenzene also potentiates the effects

of stress on male Sprague-Dawley rats (Clark et al., 1981).

Rats fed 250

ppm hexachlorobenzene resulted in an increased severe loss of body weight
when placed into crowded cages and compared to the weight loss of crowded
control rats.

Crowded rats fed hexachlorobenzene had higher tissue residues

of hexach 1orobenzene and higher mor ta 1ity than the non-crowded hexachl orobenzene-treated rats or the control rats.
12.5.

SUMMARY

The acute oral toxicity of hexachlorobenzene has been found to be low,
with LD

values ranging from 1700-10,000 mg/kg. Subchronic oral toxicity
50
studies with a number of mammalian species indicated a significant increase
in

liver and kidney weights in hexachlorobenzene-treated animals.

studies have shown increases in other organs as well.
hexachlorobenzene-exposed animals

have

shown

Some

The livers from

histologic changes

such as

irregular shaped and moderately enlarged liver mitochondria and increases 1n
the size of the centrilobular hepatocytes.
revealed similar effects

to

those seen

in

Chronic oral tox1city studies
the subchronic

studies plus

hexachlorobenzene-associated life-shortening and various hepatic and renal
pathologies.
related.

These

subchronic

and

chronic

effects

were

usually

dose-

Other effects included multiple alopecia and scabbing, together

with neurologic effects in rats, mice and dogs.

A dose-related histopatho-

logic change in the ovaries of monkeys has also been reported.
Increased porphyrin levels in the liver and in urine have been reported
for all species studied except the dog, which does not exhibit increased
porphyrin levels.

Hexachlorobenzene was found to cause the accumulation of
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B-H-steroids wh1ch 1nduce porphyrin biosynthes1s and to 1nh1bH uroporphyr1nogen decarboxylases.

The inhibH1on of uroporphyr1nogen decarboxylases

appears to be due to pentachlorophenol, a hexachlorobenzene metabol1te.
Indications are that females are more susceptible to hexachlorobenzeneinduced porphyria than are males, which may be related to the female estrogen levels and greater hexachlorobenzene metabol1sm.

Hexachlorobenzene was

reported to produce a m1xed-type induct1on of cytochromes resembling that
produced by a comb1nat1on of
(P-448).

phenobarb1tal

(P-450)

and 3,4-benzpyrene

In add1t1on, the act1v1ties of several hepaUc m1crosomal enzymes

were found to be induced by hexachlorobenzene.
Hexachlorobenzene d1d not

induce dominant

lethal

studies but was reported to be mutagen1c in a yeast,
a concentration of 100 ppm.

~

mutations

in

two

cerev1siae, assay at

Hexachlorobenzene possessed no detectable

levels of mutagen1c activ1ty in the Salmonella histidine revers1on assay.
The chron1c tox1c1ty stud1es provide suff1cient ev1dence of the carcinogenicity of hexachlorobenzene in animals since there was an increased 1ncidence of malignant tumors of the liver in two species, haemangioendothelioma
in hamsters and hepatocellular carcinoma 1n rats as well as confirmed
reports of hepatoma in both of these species.

Hexachlorobenzene was found

to cause teratogenic effects in fetal mice whose mothers were ingesting 100
mg/kg/day of hexachlorobenzene during days

7-16

of gestat1on.

Certain

chemicals were found to alter the toxicity of hexachlorobenzene in mammals,
whereas

hexachlorobenzene

pretreatment

was

reported

to

toxicity and alter the immune responses of treated animals.
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increase

cc1 4

13.

OVERVIEW OF EFFECTS OF MAJOR CONCERN

A primary factor

in identifying the major effects of concern resulting

from exposure to the chlorinated benzenes is the extent and adequacy of the
availab"le studies on mammalian and human tox1cology.

As indicated in the

section on research needs (see Section 2.3.}, several areas related to the
toxicity of these chemicals either have not been or have been poorly investigated.
the

Except for hexach l orobenzene, few studies have been performed on

carcinogenic,

benzenes.

reproductive

and

teratogenic

toxicity

of

chlorinated

However. reasonable data are available on the subchronic toxic

effects produced by the oral and inhalation routes of exposure for most of
the chlorinated benzenes in several species.

Studies that provide adequate

data on the consequences of chronic exposure or reproductive and teratologic
effects of particular chlorinated benzenes do exist, but are more limited in
number.

The absence of discussion or presentation of data on a particular

chlorinated benzene should not be equated with an absence of effects or
diminished

need

for

concern;

more

likely,

it

reflects a

lack of adequate

investigation.
13.1.

PRINCIPAL EFFECTS AND TARGET ORGANS

The data available for identifying the principal effects and sites of
toxicity for the chlorinated benzenes are derived mainly from studies of
subchronic toxicity, reproductive and teratogenic effects, and reports of
effects

on

be nzen e s .

humans

accidentally

or occupationally exposed

to chlorinated

I n gene r a l , the ma i n s it es a f f e c t e d by s ho r t - term , hi gh- l eve l

exposures are the hepatic, renal and nervous systems.

Inhalation and oral

toxicity studies in several species indicate that chlorinated benzenes are
capable of inducing hepatic and renal degeneration and necrosis, disrupting
porphyrin

metabolism,

nervous system.

and

depressing

the

short-term functioning

of

the

Levels of exposure below those causing hepatic and renal
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toxkity for some of the chlorinated benzenes have adverse effects on the
long-term functioning of the nervous system and on the hematopoietic system.
In several studies, the administration of two of the chlorinated benzenes,
penta- and hexachlorobenzene, during gestation in rats resulted in increased
fetotoxicity, postnatal mortality and incidence of fetal skeletal malformations.

Studies

in

rodents

have also

shown

administered

to

hexachlorobenzene

to be a

carcinogen.
Monochlorobenzene,

when

rats,

rabbits

and

dogs

at

moderate to high doses by inhalation or oral routes caused hepatic and renal
toxicity manifested by increased liver and kidney weights. histopathologic
changes. elevated serum enzymes. and liver and kidney necrosis (Monsanto
l967a,b; Irish, 1963; Khanin. 1969; Dilley. 1977).

At high doses, dogs

developed depression of bone marrow activity (Monsanto 1967a. 1978).

Con-

tinuous exposure by inhalation at low doses disturbed the proper chronaxy
correlation of the muscle antagonists and increased blood cholinesterase in
rats {Tarkhova. 1965).

Humans exposed occupationally to monochlorobenzene

intermittently for up to 2 years displayed signs of neurotoxicity including
numbness, cyanosis, hyperesthesia and muscle spasms (Rozenbaum, 1947).
Subchronic administration of dichlorobenzenes by inhalation to rats.
rabbits and guinea pigs caused liver and kidney toxicity and pulmonary
congestion

(Hollingsworth

et

al .•

1956).

Oral

administration

produced

hepatic porphyria. pathologic changes in the kidneys and liver, and inhibition of erythropoiesis and bone marrow activity (Rimington and Ziegler.
1963; Hollingsworth et al .• 1956; Varashavskaya. l976a,b).

Chronic adminis-

tration of 1 ,2-dichlorobenzene by gavage to rats and mice possibly at less
than maximum tolerated doses.

did not produce statistically significant

changes in tumor incidences (NTP. 1982).

Case studies of human exposures

report a range of effects including liver necrosis. depression of erythro13-2

poiesis and leukemia.
for

4 work days

A study of 26 persons exposed to l,2-dichlorobenzene

reported

increased chromosomal

aberrat1ons

in peripheral

leukocytes (Zapata-Gayon et al., 1982).
Studies of the subchronic inhalation toxicity of 1,2,4-trichlorobenzene
have

identified hepatic

porphyria and cellular degenerat1on as effects in

rats but not in rabbits or monkeys
1978).

Porphyria

was

tration

of

doses

high

also
of

(Coate et al., 1977; Watanabe et al.,

induced

in

1,2,3- or

{Rimington and Ziegler, 1963).

rats

after

the

dietary

1,2,4-trichlorobenzene

adminis-

for

7

days

Three studies using dermal applications of

1,2,4-trichlorobenzene or a mixture of 1,2,4- and 1,2,3-trichlorobenzene to
rabbits

and

guinea pigs

reported

skin

irritation at

doses

as

low as

30

mg/kg/day and some systemic toxicity at higher doses (Brown et al., 1969;
Powers et al., 1975; Rao et al., 1982).

In a reproductive study in rats,

25, 100 or 400 ppm of 1,2,3-trichlorobenzene, administered to the parental
animals

in their drinking water, produced no reproductive,

neurologic effects (Rob1nson et al., 1981).

hematologic or

Retarded embryonic development

was observed in pregnant rats receiving 1,2,4-trichlorobenzene 360 mg/kg/day
on days 9-13 of gestation (Kitchin and Ebron, 1983a).

Adrenal enlargement

occurred in both the parents and offspring at the highest dose level.

In a

2-year mouse skin painting study (Yamamoto et al., 1957) a slight increase
in tumors of all sites was reported, but no conclusions can be drawn about
carcinogenicity because of the lack of details in the English translation of
the text.
More limited data were available on the toxicity of the tetrachlorobenzenes.

A single oral

rabbits

indicated effects on blood chemistry and hematology at

(Fomenko,

1965);

subchronic study with 1,2,4,5-tetrachlorobenzene in

a chronic study with

the same isomers in dogs suggested

adverse effects on 11ver metabolism (Braun et al., 1978).
13-3

low doses

In a study of

workers exposed to 1,2,4,5-tetrachlorobenzene, found an increased incidence
of chromosoma 1 abnormal Hi es

(decreased chromosome number per ce 11, po 1y-

p loi dy during m1tosis, and chromosomal malformations) in the leukocytes of
the workers (Kiraly et al., 1979).
Data

on

the

toxicity

of

pentachlorobenzene were also

levels in the diets of rats caused increased excretion of

limited.

High

porphyrins (Goerz

et al., 1978) and induced histopathologic changes in the kidneys and liver
(Linder et al., 1980).

Studies of the reproductive and teratologic effects

of pentachlorobenzene in rats

indicated that the chemical increased fetal

deaths, reduced postnatal survival of pups and increased the incidence of
extra ribs and sternal defects (Linder et al., 1980; Khera and Villeneuve,
1975).

Teratogenic effects were not seen in mice (Courtney et al., 1979).

The tox1city of long-term dietary exposure of humans to hexachlorobenzene was demonstrated by the epidemic of porphyria cutanea tarda (PCT) in
Turkish citizens who ace i dentally consumed bread made from grain treated
with
1982).

hexachlorobenzene

(Cain,

1963;

Pete·rs

et al.,

1966;

Peters

et

al.,

In addition to the PCT-associated symptoms of skin lesions, hyper-

trichosis,

and

liver damage.
arthritic

hyperpigmentation,

the

exposure

caused

neurotoxicity

and

Follow-up studies reported PCT symptoms, reduced growth, and

changes

in

the

appendages

of

children

indirectly (i.e., through breast milk) exposed.

who

were

directly

or

Studies in rats have demon-

strated hexachlorobenzenes ability to increase the incidence of stillbirths,
decrease fetal growth and decrease postnatal survival (Grant et al., 1977;
Khera, 1974).

A study in rats reported that administration of hexachloro-

benzene during gestation increased significantly the number of fetuses with
extra ribs.

A study in mice found that hexachlorobenzene given on days 7-16

of gestation resulted in an increased incidence of fetal abnormalities when
compared to controls

(Courtney et al., 1976).
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Hexachlorobenzene has been

shown to produce tumors in animals.

Lifetime dietary administration of hex-

achlorobenzene to hamsters. rats and mice increased the incidence of thyroid
tumors in hamsters (Cabral et al.. 1977). liver tumors in hamsters (Cabral
et al .• 1977). mice (Cabral et al .• 1979) and rats (Smith and Cabral. 1980;
Lambre.cht. 1983; Arnold. 1984). kfdney tumors in rats (Lambrecht, 1983) and
adrenal tumors in rats (Arnold, 1983; Peters et al., 1983).
13. 2.

ANIMAL TOXICITY STUDIES USEFUL FOR HEALTH ASSESSMENT ANO ESTIMATED
TOXICITY THRESHOLDS

13.2. l.

Animal To>cicity Studies.

The studies useful for health assessment

determinations of each of the chlorinated benzenes is presented in the respective dose/effect Tables 13-1 through 13-7, extracted from the Hammanan
Toxicity Sections of Chapters 7-12 of this document.

These tables should

provide assistance in selecting the most useful and appropriate studies for
health assessment determinations.
Tables 13-8 through 13-12 attempt
ponses
The

to compare a variety of toxic res-

to chlorinated benzenes in rats, mice,

recorded

values

reflect

the

lowest

rabbits,

dosage

reported

dogs and monkeys.
for

each

listed

effect category for each species, taken from the subchronic, chronic, carcinogenicity,

reproductive and teratogen1city studies reported in Chapters

7-12 of this document.
similar

responses

in

It should be noted that there is the potential for
each

species

to

occur

at

lower

dose

levels

than

reported and that a blank entry does not necessarily mean that the effect
does

not

benzene.

occur

in

that

species

induced

by

the

particular

chlorinated

This is probably indicative of the fact that lower dose levels may

not have been tested and/or that particular effect may not have been specifically looked for by research investigators.

In attempting to use these

tables to determine fine-l1ne conclusions/interpretations about chlorinated
benzenes

structure

activity

relationships,
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further

complications

arise

TABLE 13-1

Sumnary of Subchron1c Toxicity Studies on Honochlorobenzenea

Spec1es

Dog
(br:lqle)

Route

lnhalatlonb

Dose

Duration
(days)

Reference

Hons an to, 1978

0.75 mg/l, 6 hrs/day,
5 days/week (162 ppm)

62
exposures
over 90 days

None

1.50 mg/l, 6 hrs/day,
5 days/week (424 ppm)

62
exposures
over 90 days

Weight loss; conjunctivitis; moribund at
31 days

2.00 mg/l, 6 hrs/day,
5 days/week

62
exposures
over 90 days

Weight loss; hypoactlvlty and conjunctlv1t1s;
vacuolated hepatocytes; cytoplasm1c vacuolation
of renal collect1ng tubules; bilateral atrophy
of semlnlferous tubules; lower total leukocyte
counts, elevated SAP, SGOT, SGPT; aplast1c bone
marrow; mortality In 5/8 dogs after 25-29 days

62
exposures
over 90 days

None

l'lonsanto, 1978

Liver necrosis and regeneration; kidney
hyperplasia; encephalopathy; pneumonia

Khanln, 1977
l arkhova, 1965

_,
(...)
I

O>

Effects

Rat

Inhalation

0.75, 1.50 or 2 mg/t
6 hrs/day, 5 days/week

Rat

Inhalation

0.1 or 1.0 mg/m3
(continuous)

Rat

Inhalation

0.1 mg/m3 (continuous)

60

None

1 .0 mg/m3 (continuous)

f>O

Inhibited chronaxla of antagonistic muscles
at 39 days; Increased blood cholinesterase

49-98

72-80

Chronaxlmetrlc Inhibition

Plslaru, 1960

37 weeks

Inhibition of extensor tlblalls 7-14 weeks;
normal by 20 weeks

Gabor and Raucher,
1960

75 and 250 ppm, 7 hrs/day
5 days/week

120
exposures

Focal lesions of adrenal cortex; lesions In
tubules of kidneys; congestion of liver and
kidneys; decreased SGOT

D1 lley, 1977

75 and 250 ppm, 7 hrs/day,
5 days/week

120
exposures

Decreased SGOl after 24 weeks of exposure

Dilley, 1977

Rat

I nha lat! on

0.1, 1.25 or 1.5 mg/t

Rat

Inhalation

0.1 mg/l, 3 hr/day
(alternate days)

Rat

Inhalation

Rabbit

Inhalation

lABLF 13-l (cont.)
Specles

Mouse

Route

Dose

Durat1on
(days)

oral (gavage)

60 mg/kg/day, 5 days/week

13 weeks

one male wlth hepatlc necrosls

125 mg/kg/day, 5 days/week

13 weeks

Increased llver welghts 1n males one male
wlth hepatlc necrosis

250 mg/kg/day, 5 days/week

13 weeks

>50% reduction 1n weight galn, 1ncreased
excretion of coproporphyrlns 1n females,
Increased 11ver welghts, leslons of the
11ver, kldney, bone marrow, spleen and
thymus

500 mg/kg day, 5 days/week

13 weeks

100% lethal to males wlthln 1 week,
reduced body welght gains, polyurla
1n females, Increased 11ver welghts,
leslons of the 11ver, kldney, bone
marrow, spleen and thymus.

750 mg/kg/day, 5 days/week

10 weeks

100% lethal to male mlce w1th1n 1 week
and to female mlce w1th1n 10 weeks,
lesions of the 11ver, kldney, bone marrow,
spleen and thymus at death

60 mg/kg/day, 5 days/week

13 weeks

None

125 mg/kg/day, 5 days/week

13 weeks

None

250 mg/kg/day, 5 days/week

13 weeks

Hlnlmal centrolobular hepatocellular
necrosis

500 mg/kg/day, 5 days/week

13 weeks

Decreased body welghts galn, 1ncreased
GGTP and alkallne phosphatase In females,
Increased excretlon of porphyrlns, controlobular hepatocellular necrosls,
nephropathy 1n males, myelold depletion
of bone marrow.

750 mg/kg day, 5 days/week

13 weeks

Decreased body welght galn and survlval
of anlmals, hematologic effects, 1ncreased
GGlP and alkaline phosphatase In females,
polyurla In males, 1ncreased excretion of
porphyrlns, centrolobular hepatocellular
necrosls, nephropathy, lymphold depletlon
. of thymus and spleen, myelold depletlon of
bone marrow.

--'
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Rat

Oral (gavage)

Effects

Reference

NTP, 1983

NTP, 1983

··----------------------------------------------

TABLE 13-1 (cont.)

Spec1es

Dog

Route

oral (capsule)

Dose

Durat1on
(days)

27.3 mg/kg/day

90

None

54.6 mg/kg/day

90

D1arrhea and vom1t1ng; conjunct1vH1s

272.5 mg/kg/day

90

4/8 d1ed 1n 3-5 weeks; 1ncreased 1rrmature
leukocytes; elevated SGOT and SAP, b111rub1n
and cholesterol; low blood sugar; h1stopatholog1c changes 1n 11ver, k1dneys, spleen, and
sem1n1ferous fubules.

-'

w
I

CX>

Rat

Rat

oral (d1et)

oral (d1et)

Effects

12.5 or 50 mg/kg/day

93-99

None

100 mg/kg/day

93-99

Increased 11ver and k1dney we1ghts

250 mg/kg/day

93-99

Increased 11ver and k1dney we1ghts;
retarded growth 1n males

14.4 mg/kg/day

192

None

144 and 288 mg/kg/day

192

Increased 11ver and k1dney we1ghts;
1ncreased sal1vat1on and ha1r loss

asource: Updated from U.S. EPA, 1980a
b1 ppm -4.60 mg/m•, l mg/i -219 ppm (Ir1sh, 1963)

Reference

Monsanto, 1967a

Monsanto, 1967b

Ir1sh, 1963

TABLE 13-2
Subchron1c Tox1clty of 1,2-0lchlorobenzene*

Route

Inhalat1on

Oral

_,
VJ

Regimen

Subject

Effect

Reference

5&0 mg/m 3

7 hours/day, 5 days/week,
f>-7 months

rat, guinea
pig, rabblt,
monkey

No effect on several parameters
except decreased spleen weights
In male guinea pigs

Ho 111 ngswor th et al ..
1958

290 mg/m 3

7 hours/day,
&.5 months

rat, guinea
pig

No effect on several parameters

Hollingsworth et al.,
1958

455 mg/m•

dally up to 15 days

rat

Hepatic porphyrla

Rlmlngton and
Ziegler, 19&3

37& mg/kg (tube)

5 days/week, 138 doses

rat

Liver, kidney weight Increase;
cloudy swelling In liver.

Ho 111 ngswor th et al.•
1958

188 mg/kg (tube)

5 days/week, 138 doses

rat

Increase In liver and kidney
weight

Ho 111 ngswor th et al.•
1958

18.B mg/kg (tube)

5 days/week, 138 doses

rat

No effects noted

Hollingsworth et al.•
1958

0.01-0.l mg/kg/day

5 months

rat

Hematopoletlc system; altered
conditioned reflexes; Increased
prothromb time and altered
enzyme activities

Varshavskaya, 19&7a

500 mg/kg

5 days/week, 13 weeks

rat

Increased liver weights; polyu~la
In males; Increased urinary porphyrlns; hepatic necrosis and
degeneration; renal tubular
degeneration; thymlc lymphoid
depletion; and hematologic and
clinical changes

NTP, 1982

250 mg/kg

5 days/week, 13 weeks

rat

Increased liver weights; hematologlc and clinical changes;
hepatic necrosis

NTP, 1982

125 mg/kg

5 days/week, 13 weeks

rat

Increased liver weights; hematologlc and clinical changes;
some hepatic necrosis

NTP, 1962

&O mg/kg

5 days/week, 13 weeks

rat

Hematologic and clinical changes

NTP, 1982

30 mg/kg

5 days/week, 13 weeks

rat

Hematologic and clinical changes

NTP, 1982

Concentration
or Dose

days/week

I
ID

lABLF 13-2 (cont.)

Route

Oral (cont.)

Regimen

Concentration
or Dose

Subject

Reference

500 mg/kg

5 days/week, 13 weeks

mouse

Increased mortality; Increased
liver we1ghts; Increased urinary
and liver porphyrlns; hepatic
necrosis and degeneration; heart
and skeletal muscle lesions;
lymphoid depletion of thymus and
spleen

NTP, 1982

250 mg/kg

5 days/week, 13 weeks

mouse

Hepatic necrosis and degeneration
In males; no effects In females

NTP, 1982

30, 60, 125 mg/kg

5 days/week, 13 weeks

mouse

No effects

NTP, 1982

unspec 1f I ed

repeated

rabbit

Blood dyscraslas, (agranulocytosls)

Ware and West, 1977

.....
.....I
C,.)

0

Subcutaneous

Effect

*Source: Modlfed from U.S. EPA, 1980c

TABLE 13-3
Subchronlc and Chronlc Toxlclty of 1,4-Dlchlorobenzene*

Route

Inhalat1on

__.
(,.)

Concentrat1on
or Dose

Subject

Reglmen

Effect

Reference

lOs mg/m 3

0.5 hours/day, 5-9 days

rabblt

Granulocytopenla; lrrltat1on; CNS
and lung toxlc1ty; death (12/18)

Zupko and Edwards,
1949

4800 mg/m 3

8 hours/day, 5 days/week,
up to 69 exposures

rat, gulnea plg,
rabblt

Severe lrrltatlon; CNS depress1on
and collapse; 11ver, k1dney, lung
pathology; deaths

Holllngsworth et al.,
1956

4600-4800 mg/m•

8 hours/day, 5 days/week,

rabblt

Tremors, weakness, nystagmus;
some deaths

P1ke, 1944

2050 mg/m•

7 hours/day, 5 days/week,
6 months

rat, gulnea plg

Growth depress1on, lncreased llver,
kldney we1ght; 11ver pathology
(necros1s, fatty degenerat1on,
swelllng, flbrosls)

Holl1ngsworth et al.,
1956

1040 mg/m•

7 hours/day, 5 days/week,
16 days

rat, gulnea p1g

fncreased llver, k1dney welght
(rat); lung, llver pathology

Holl1ngsworth et al.,
1956

950 mg/m•

7 hours/day, 5 days/week,
157-219 days

rat, gulnea p1g,
rabbH, mouse,
monkey

Growth depresslon (gu1nea plg);
1ncreased l1ver, kldney welght;
h1stologlcal 11ver changes
(cloudy swelllng, granular
degenerat1on) 1n rats, no adverse
effects reported 1n rabb1t, mouse
or monkey

Holl1ngsworth et al.,
1956

900 mg/m•

8 hours/day, 2 weeks

mouse

Resplratory excltatlon; llver
pathology, deaths; at serum
concentrat1on of 39 mg/l

Irle et al., 1973

580 mg/m•

7 hours/day, 5 days/weeks
6-7 months

rat, gu1nea plg,
m1ce, rabbH,
monkey

No adverse effects on several
parameters

500 ppm
(-3000 mg/m•)

5 hours/day, 5 days/week,
for 76 weeks followed by
36 weeks w1th no exposure

rat

Sllghtly elevated proteln and
coproporphyr1n outputs, 1ncreased
llver and kldney welghts.

Loeser and Lltchf1eld,
1983

75 ppm
(-450 mg/m•)

5 hours/day, 5 days/week,
for 76 weeks followed by
36 weeks wlth no exposure

rat

Some lncreases ln l1ver welghts

Loeser and L1tchfleld,
1983

I
__.

__.

Holllngsworth et al.,
. 1956

TABLE 13-3 (cont.)

Route

Inhalation
(cont.)

Oral

_,

Reg1men

Concentrat1on
or Dose

Subject

Effect

Reference

500 ppm
(-3000 ppm)

6 hours/day from days
6-15 of pregnancy

rat

5 dams out of 20 delivered litter
1 day early, one fetus with
agnathla and cleft palate

Loeser and Litchfleld,
1983

200 ppm
(-1200 mg/m 3 )

6 hours/day from days
6-15 of pregnancy

rat

1 dam out of 20 delivered litter
1 day early, one fetus with
gastroschisis and malrotatlon
of hlndllmb

Loeser and Litchfield,
1983

75 ppm
(-450 mg/m•)

6 hours/day from days
6-15 of pregnancy

rat

1 dam out of 20 delivered lltter
1 day early, one fetus wlth
gastroschlsls and malrotatlon
of hlndllmb

Loeser and Lltchfleld,
1983

1000 mg/kg per
dose (tube)

92 doses in 219 days

rabblt

CNS depression; weight loss;
llver degeneratlon and necrosis;
deaths

Hollingsworth et al.,
1956

up to 5 days

rat

Hepatic porphyrla

Rimlngton and Ziegler,
1963

Hepatlc centrolobular necrosis;
cloudy swelllng, renal tubular
eplthellum, and casts
Death in 3/10. Retarded growth

Hollingsworth et al.,
1956

w

770 mg/kg/day

"'

500 mg/kg/day
(tube)

5 days/week, 20 doses

rat

5000 mg/kg d1et

up to 35 days

Pek lng duck

500 mg/kg/day
(lube)

5 days/week, 263 doses ln
367 days

rabblt

CNS depression; welght loss; liver
pathology

Holllngsworth et al.,
1956

376 mg/kg/day

5 days/week, 138 doses in
192 days

rat

Increased llver and kidney weight;
llver cirrhosis and focal necrosis

Hollingsworth et al.,
1956

250 mg/kg/day

3 days

rat

Induced liver metabollsm enzyme
system

Arlyoshl et al.,
1975a,b

188 mg/kg/day

5 days/week, 138 doses ln
192 days

rat

Increased liver and kidney weight

Hollingsworth et al.,
1956

20-40 mg/kg/day

2 weeks

rat

Induced llver metabolism enzyme
system

Carlson and Tardiff,
1976

18.8 mg/kg/day

5 days/week, 138 doses in
192 days

rat

No adverse effects detected

Holllngsworth et al.,
1956

I
_,

*Source: U.S. EPA, 1980c

Hollingsworth et al.,
1956

TABLE 13-4
Sunrnary of Subchronlc and Chronic Toxicity Studies on Trlchlorobenzenes
Species
Rat

__.
w
I
__.
w

Route

Dose

Inhalation

74.2, 742 or
7423 mg/ms
of l ,3,5-TCB

Ii hr/day, 5 day/wk

for up to 13 wk

No hepatotoxlclty; three high-dose rats had
squamous metaplasla and focal hyperplasia
of respiratory epithelium, believed to be
reversible

Sasmora and Palmer,
1981

Duration

Effects

Reference

Rats, rabbits,
two dogs

I nha la ti on

223 or 742 mg/m•
of l,2,4-TCB

7 hr/day, 5 day/wk;
total of 30 exposures In 44 days

Increase In urinary excretion of porphyrla
In exposed rats; Increase In liver weights
In high-dose rats and dogs; Increased kidney weights In high-dose rats

Koclba et al., 1981

Rat

I nha la tlon

22.3 or
74.2 mg/ms
of l,2,4-TCB

Ii hr/day, 5 day/wk,

Increase In urinary porphyrln excretion In
high-dose rats; no effects In 22.3 mg/m•
group

Watanabe et al., 1978

3 mo

Rat

I nha la tlon

lBli, 371 or
742 mg/ms
of 1,2,4-TCB

7 hr/day, 5 day/wk,
26 wk

Enlarged hepatocytes and nondose-dependent
hepatocytes vacuol1zatlon, liver granulance,
biliary hyperplasia and kidney hyal1ne degenerat1on at 4 and 13 wk; no hlstopathology
evident at 26 wk

Coate et al., 1977

Rabbits,
monkeys

Inhalation

lBli, 371 or
742 mg/m•
of 1,2,4-TCB

7 hr/day, 5 day/wk,
26 wk

No treatment related changes at 26 wk

Coate et al., 1977

Monkey

oral

1, 5, 25, 90,
125 or 173.li
mg/kg/day
of 1,2,4-TCB

30 days

~25
~90

Rat

oral

50, 100 or
200 mg/kg/day
of 1,2,4-TCB

30, liO, 90 or
120 days

Increases In liver weights, liver porphyrlns
and urine porphyrlns, dose and time related

Carlson, 1977b

Rat

oral

10, 20 or
40 mg/kg/day
of 1,2,4-TCB

90 days

Increase In liver-to-body weight ratio In
high-dose group; changes In enzyme activation at all doses

Carlson and Tardiff,
1976

Mouse

oral

liOO ppm diet
(0.078 mg/kg/
day) of
1,2,4-lCB

Ii mo

No effects

Goto et al., 1972

mg/kg/day - no effects observed;
mg/kg/day - observed toxicity and death

Sm1th et al., 1978

TABLE 13-4 (cont.)

Spectes

~

Dose

Duratton

Effects

Reference

Gutnea p1g

dermal

0.5 mt/day
of 1,2,4-TCB

5 day/wk, 3 wk

Death followtng extensor convuls\on; 11vers
showed necrot1c foc1

Brown et al., 1969

House

dermal

0.003 ml/pa1nttng of 30 and
60" solutton 1n
acetone of
1,2,4-TCB

2 t\mes/wk, 2 yr

Pa1nt1ng 1nduced exc1tab111ty, pant1ng and
ep1dermal th1cken1ng, 1nflarrmat1on and
kerat\n\zat1on; 1ncreased organ we1ghts and
mortal Hy

Yamamoto et al., 1957

Rats

oral
(dr1nk1ng
water)

25, 100 or
400 mg/t.
of 1,2,4-TCB

Fo to F2
generat\ons

Enlarged adrenals 1n Fo and f 1 generat1ons

Rob1nson et al., 1981

Rats

oral

36, 120, 360 or
1200 mg/kg/day
of 1,2,4-TCB

days 9-13 of
gestat\on

1200 mg/kg dose all dead by the 3rd day,
360 mg/kg dose caused 22" mortal1ty 1n
dams and moderate hepatocellular hypertrophy and non-s1gn1f 1cant tncreases \n
embryon\c lethal1ty and s1gn1f1cantly
retarded embryon1c development, 36 and
120 mg/kg groups not observed for embryon1c
effects, but sl1ght hepatocellular hypertrophy was reported 1n one 120 mg/kg dam

K1tch1n and Ebron,
1983a

Rabb1ts

dermal

30, 150 or
450 mg/kg/day
of 1,2,3-TCB

5 day/wk, 4 wk

Dose-related sk\n 1rr1tat1on; 1ncrease 1n
ur1nary coproporphyr1n 1n h\gh-dose males
and sl1ght pallor of 11ver 1n males and
females

Rao et al., 1982

......
w

I
......

Route

1,2,3-TCB = 1,2,3-tr\chlorobenzene; 1,2,4-TCB = l,2,4-tr1chlorobenzene; 1,3,5-TCB = l,3,5-tr1chlorobenzene

TABLE 13-5
Su1111lC!ry of Tox1c1ty Stud1es on Tetrachlorobenzenes

Spec1es

Route

Durat1on

Dose

Reference

Rat

oral

0.5-500 mg/kg
of d1et
1,2,4,5-TeCB

28 or 90 days

Increased 11ver and k1dney we1ghts and
h1stolog1cal changes 1n 11ver and k1dneys;
1ncreases 1n MFO act1v1ty, serum cholesterol
values

V111eneuve et al.,
1983

Rat

oral

0.001, 0.005,
0.05 mg/kg/day
1,2,4,5-TeCB

8 mo

No effects observed 1n 0.001 mg/kg/day dose
group; 0.005 and 0.05 mg/kg/day doses caused
d1srupt1on 1n cond1t1oned reflexes, 1ncreases
1n 11ver we1ght coeff1c1ents and decrease 1n
serum SH groups

Fomenko, 1965

RabbH

oral

0.001, 0.005,
0.05 mg/kg/day
1,2,4,5-TeCB

8 mo

No effect observed 1n 0.001 mg/kg/day dose
group; 0.05 mg/kg dose caused d1sorder of
11ver glycogen format1on, altered serum SH
group levels, 1ncrease 1n blood hemoglob1n
and per1pheral ret1culocyte levels

Fomenko, 1965

Rat

oral

75 mg/kg/day
1,2,4,5,-TeCB

2 mo

Altered b1ochem1cal parameters ind1cat1ng
changes 1n hepat1c and hematopo1t1c homeostas1s

Fomenko, 1965

Dog

oral

5 mg/kg/day
1,2,4,5-TeCB

2 yr exposure,
22 mo recovery

No controls used; elevated SAP and total
b111rub1n, returned to normal range 3 mo
after exposures ended

Braun et al .• 1978

Pregnant rats

oral

50, 100,
200 mg/kg/day
1,2,4,5-TeCB

days 6-15 of
gestat1on

H1gh-dose lethal to 9/10 of treated dams;
organ we1ght changes. elevated serum
cholesterol and 11ver metabo11sm enzymes,
no 1nd1cat1on of those changes were doserelated

Rudd1ck et al., 1981

Pregnant rats

oral

50, 100.
200 mg/kg/day
1,2,3,4-TeCB

days 6-15 of
gestat1on

Induced maternal tox1c1ty and 1ncreased
lethal1ty of pups at 200 mg/kg/day

Rudd1ck et al., 1981

Pregnant rats

oral

so.

days 6-15 of
gestat1on

Increased letha11ty 1n 200 mg/kg/day group
pups; one pup malformed and m1nor chondrogen1c delay 1n other pups

Rudd1ck et al., 1981

......
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Effects

100,
200 mg/kg/day
1,2,3,5-TeCB

TABLE 13-5 (cont.)

Spec1es

Route

Dose

Ourat1on

Effects

Reference

Pregnant rats

oral

30, 100, 300,
1000 mg/kg/day
1,2,4,5-TeCB

days 9-13 of
gestat1on observed on day 14

Only control and 1000 mg/kg/day group
exam1ned for embryotox1c1ty and only
observed fewer 1mplantat1ons than control,
sl1ght hepat1c centrolobular hypertrophy
1n 1000 mg/kg/day group, hepat1c enzymes
1nduced at all doses.

K1tch1n and Ebron,
1983b

Pregnant rats

oral

100, 300,
1000 mg/kg/day
1,2,3,4-TeCB

days 9-13 of
gestat1on observed on day 14

Only control and 300 mg/kg/day group
exam1ned for embryotox1c1ty, slgn1f1cant
embryon1c growth reduction was observed 1n
the 300 mg/kg/day group, maternal lethal1ty
ln 300 (1/10 dams) and 1000 (7/19 dams)
mg/kg/day groups, m1n1mal hepatocellular
hypertrophy 1n 300 mg/kg/day group, m1n1mal
to moderate hepatocellular hypertrophy and
reduced body and 11ver we1ghts ln 1000
mg/kg/day group, hepat1c enzymes 1nduced 1n
the 300 and 1000 mg/kg/day groups.

K1tch1n and Ebron,
1983c

1,2,4,5-TeCB = 1,2,4,5-tetrachlorobenzene
1,2,3,4-TeCB = 1,2,3,4-tetrachlorobenzene
1,2,3,5-TeCB = 1,2,3,5-tetrachlorobenzene

TABLE 13-6
Su11111C1ry of Subchronlc, Reproductlve and Teratogenlc Toxlclty Studles on Pentachlorobenzene

Specles

_,

w
I
_,

Route

Dose

Duratlon

Ef fee ts

Reference

Rat (female)

oral
(dlet)

125, 250, 500
or 1000 mg/kg
ln dlet

160 days

Changes ln hematologlc parameters ln hlghdose group; lncrease ln llver welghts,
hepatlc hypertrophy and vacuollzatlon ln
500 and 1000 mg/kg groups; lncreased kldney welght ln hlgh-dose group

Llnder et al., 1960

Rat (ma le)

oral
(dlet)

125 or 1000
mg/kg ln dlet

100 days

Hlgh-dose group lnduced changes ln hematologlc parameters; hepatlc and renal
hlstology and lncrease ln llver, kldney
and adrenal welghts

Llnder et al., 1980

Rat
(offsprlng)

oral
(dlet)

125. 250. 500
or 1000 mg/kg
ln mothers dlet

gestatlon and
durlng suckllng

Offsprlng treated wlth ~250 mg/kg/dlet were
adversely affected (reduced survlval, body
welghts and lncreased llver welghts, hepatocellular enlargement)

Llnder et al., 1980

Mlce

oral

50 or 100
mg/kg/gavage

days 6-15 of
ges tatl on

Increase ln llver welghts of dams; no
adverse effects on total development or
survlval

Courtney et al., 1979

Rat

oral

50, 100 or 200
mg/kg/gavage

days 6-15 of
ges ta tlon

No observed toxlclty ln adult rats; lncreased total deaths at all doses, but not
ln dose-related manner; extra rlbs ln exposed fetuses and sternal defects ln 200
mg/kg group

Khera and V111 eneuve,
1975

-i

lABLE 13-7

Sunniary of lox\c\ty Stud\es on Hexachlorobenzene
Spec\es
Rat
(females)
Rat

Route
oral

Dose
100 mg/kg every other

day
oral
(d\et)

Dura lion
up to 43 days

Effects

Reference

Suggested covalent b\nd\ng of hexachlorobenzene
metabolites to cytosol\c prote\ns

Koss et al.,
Ku\per-Good111an
et al., 1977

0.5 mg/kg/day

15 weeks exposed and
held to 48 weeks

lrans\ent \ncreases \n l\ver porphyr\n levels
In females after term\nat\on of exposure

2.0 mg/kg/day

15 weeks exposed and
held to 48 weeks

Increases \n l\ver porphyrln levels \n females
after termlnat\on of exposure, Increased size
of centr\lobular hepatocytes

8.0 mg/kg/day

15 weeks exposed and

Increased liver weights, \ncreased l\ver,
kidney and spleen porphyrln levels In females
(porphyrla), centrllobular liver les\ons espec\ally In females at 48 weeks

held to 48 weeks

32.0 mg/kg/day

15 weeks exposed and
held to 48 weeks

Increased mortality In females, Intension
tremors In males and females and ataxia \n a
few females, Increased liver, k\dney and
spleen weights, Increased liver, kidney and
spleen porphyrln levels In females (porphyr\a),
centr\lobular liver lesions and splenomegaly

_,
w
I

CX>

1980a

Rat
(females)

oral
(gavage)

day

50 mg/kg every other

15 weeks

Increased liver, kidney, spleen and adrenal
weights, porphyrla (\ncreased liver porphyrln
levels and Increased excretion of porphyr\ns
and precursors), tremors, ha\r loss and sk\n
les\ons

Koss et al.,
1978b

Rats
(females)

oral
(gavage)

0.5 mg/kg tw\ce
weekly

29 weeks

Increase \n relative liver weight

Biiger et al.,
1979

2.0 mg/kg twice
weekly

29 weeks

Increase In relative liver weight, moderately
enlarged hepatocytes

8.0 mg/kg twice
weekly

29 weeks

Porphyrla, markedly enlarged hepatocytes,
Increase In relative liver weight

32.0 mg/kg twice
weekly

29 weeks

Porphyrla, markedly enlarged hepatocytes,
Increase In liver weights

100 mg/kg diet

98 days

Porphyrla (Increased liver lobe porphyrlns),
decreased activity of uroporphyrlnogen
decarboxylase

Rat
(females)

oral
(diet)

Smith et al.,
1980

TABLE 13-7 (cont.)

Spec1es
Rat

_,
~

I
_,

Route
oral
(diet and
nursing)

Dose
50 mg/kg diet

Duration
gestation until
5 weeks of age

Effects
Depressed resistance to 1· monocytogenes and
l· spiralis, enhanced thymus-dependent antibody

Reference
Vos et al.•
1979b

response
150 mg/kg diet

gestation until
5 weeks of age

Increased serum IgM and lgG, depressed resistance to 1· monocytogenes and I· spiral is,
enhanced thymus-dependent antibody response,
increased liver and adrenal weights

Rat

oral
(diet)

500, 1000 or 2000
mg/kg diet

3 weeks

Dose-related increases in relative spleen,
lymph nodes, liver, adrenals, thyroid, testes
and kidney weights, dose-related increase in
serum lgM levels, no change in serum IgG
levels, dose-related pathological changes in
liver, lymph nodes and spleen

Vos et al.•
1979a

Rat

oral
(d1et)

2000 mg/kg diet

10 weeks

Porphyria found microscopically at 5 weeks and
grossly at 10 weeks using fluorescence

Gralla et al.'
1977

Rat
(male)

oral
(diet)

2000 mg/kg diet

100 days

Elevated hepatic enzymes by 1 week and increased
urinary porphyrin and ALA levels (porphyria) as
early as 40 days

Llssner
et a 1., 1975

Rat
(female)

oral
(diet)

3000 mg/kg diet

11 weeks

Decreased uroporphyrinogen decarboxylase
activity and porphyria after 4 weeks

Elder et al.•
1976

Rat
(female)

oral
(gavage)

50, 100 or 200 mg/kg

120 days

Dose- and time-dependent increase in liver and
urine porphyrins (porphyria)

Carlson, 1977b

Rat

oral
(gavage)

14 mg/kg every other
day

103 days

Porphyria in treated females, susceptibility of
females to porphyria may be related to estrogen
levels

Rizzardlni and
Smith, 19B2

Rat
(females)

oral
(gavage)

100 mg/kg every
other day

6 weeks exposed and
held for add1tional
18 months

Porphyria (liver uroporphyrin levels peaked 7
months postexposure and levels had not returned
to normal by 18 months), decreased liver protoporphyrin and coproporphyrin levels, inhibition
of uroporphyrinogen decarboxylase activity
until 18 months postexposure

Koss et al.,
1983

Rat
(females)

oral
(diet)

6-8 mg/kg/day

75-90 weeks

Decline 1n body weights, porphyr1a, enlarged
livers and liver tumors

Smith and
Cabral, 1980

Rat

oral
(diet)

75 mg/kg diet
(4-5 mg/kg/day)
150 mg/kg diet
(8-9.5 mg/kg/day)

up to 2 years

Porphyria, time-related appearance of severe
hepatic and renal pathologies, after 1 year increases in hepatomas, hepatocarcinomas, bile duct
adenomas, renal adenomas and renal carcinomas

Lambrecht et
al., 1983a,b

ID

TABLE 13-7 (cont.)

Spec\es
Rat

Rat

_,

Route

Dose

Dural\ on

Effects

Reference
Arnold et al.,
1985

oral
(d\et)

0.32, 1.6, 6.0 or
40 mg/kg d\et

-130 days

Hematolog\cal changes at all dose levels 1n
males, \ncreases In 1\ver and heart we\ghts \n
males at 6.0 and 40 ppm d\ets, no treatmentrelated effects observed \n bred females

oral
(d1et and
nursing)

0.32 or 1.6 mg/kg
d1et

gestat\on through
1\fet\me (130 weeks)

Glycogen deplet1on In 1.6 mg/kg males; no
effects reported at 0.32 mg/kg

8.0 mg/kg d1et

gestation through
llfet1me (130 weeks)

Increase In 11ver pathologies

40 mg/kg diet

gestat1on through
lifetime (130 weeks)

Increased mortality as pups, Increase In liver
and kidney pathologies, Increase 1n adrenal
pheochromocytomas In females and parathyroid
tumors In males

10 or 20 mg/kg diet

Fo to F4 generations

No effects reported

40 mg/kg diet

Fo to F4 generations

Increases In liver weights and aniline
hydroxylase activity

80 mg/kg diet

Fo to F4 generations

Decreased body weights, f3 and F4 generations had
decreased lactation Index and postnatal viability
and Increased stillbirths

160 mg/kg diet

Fo to F4 generations

Increased mortality and decreased lactation
Index starting In F1 generation

320 and 640 mg/kg
diet

Fo to F4 generations

20 and 50% mortality In Fo 320 and 640 mg/kg
groups, respectively, greatly reduced fertility
Index and litter size and Increase In stillbirths, viability Index zero In F1

oral
(diet)

t,,,)

I
N

Grant et al.,
1977

0

Rat

oral
(diet)

60 I 80 1 100' 120 0 r
140 mg/kg diet

Fo to Fla and F1b
genera t1 ons

Increased mortality In all groups at 21 days,
21-day LD50 values for pups were 100 and 140
mg/kg for F1a and F1b generations, respectively

Kitchin
et al., 1982

Rat

oral
(diet)

O or 80 mg/kg diet

ges ta tl on and
nursing or cross
nursed with controls

Nursing exposure produced greater effects than
did gestational exposure, effects noted were:
smaller brains, hearts, kidneys and spleens,
Increased liver weights

Mendoza
et al., 1978

Rat

oral
(diet)

BO mg/kg diet

2 weeks prior to
mating to 35-36 days
after weaning

Increased porphyrln levels and decreased 11 ver
esterase activity In dams, no changes In
gestation Indices or neonatal survival

Mendoza
et al., 1979

TABLE 13-7 (cont.)

Specles

__,

w
I

Route

Dose

Duratlon

Effects

Reference

Rat

oral
(gavage)

10, 20, 40, 60, BO
or 120 mg/kg

days 6-21 of gestaUon

Maternal tox1c1ty (we1ght loss, tremors and
convuls1ons) and reduced fetal we1ghts at 120
and BO mg/kg maternal doses, dose-related lncrease ln lncldence of unllateral and bllateral
14th r1b, sternal defects were also noted 1n
one exper1ment

Khera, 1974

Mouse

oral
(dlet)

2. 5, 25 or 250
mg/kg dlet

21 days

Dose-related 1ncrease 1n l1ver and decrease 1n
prostate and sem1nal veslcle we1ghts, doserelated alterat1ons ln testosterone metabollsm,
altered hepatlc enzyme levels

El1ssalde and
Clark, 1979

Mouse
(male)

oral
(dlet)

10 mg/kg d1et (B.4
(mg/mouse/24 weeks)
or 50 mg/kg dlet
(35.3 mg/mouse/
24 weeks)

24 weeks

Dose-related reductlon ln welght galn, no tumor
pathology observed

Sh1ral et al.,
l97B

Mouse
(male)

oral
(dlet)

167 mg/kg dlet

3-6 weeks

Impalrment ln host res1stance as measured by
Increased sensltlvlty to~- ~and t.
bergherl, and decrease ln IgA levels

Loose et al.,
l97Ba,b

Mouse

oral
(d1et)

6, 12, 24 and 36*
mg/kg/day

101-120 weeks
*(15 weeks exposed
held unU l 120
weeks)

Reduced growth rate at all dose levels, shortened lifespan associated w1th tremors and convuls1ons 1n 24 and 36 mg/kg/day groups, dosedependent Increase In liver-cell tumors ln the
12, 24 and 36 mg/kg/day dose groups

Cabral et al.,
1979

Mouse

oral
(gavage)

100 mg/kg/day to
pregnant mke

days 7-16 of
ges ta t1 on

Increased maternal llvers and decreased fetal
body we1ghts, Increased lncldence of abnormal
fetuses per l1tter observed

Courtney
et al., 1976

Hamster

oral
(d1et)

200 or 400 mg/kg
dlet

90 days

Preclrrhotlc and clrrhot1c hepatlc les1ons,
bile-duct hyperplas1as and hepatomas

Lambrecht
et al., 1982

Hamster

oral
(dlet)

4, B or 16 mg/kg/day

l Hespan

Shortened llfespan 1n 16 mg/kg/day group, Increase In hepatomas at all dose levels, 1ncrease
In llver haemangloendothelloma 1n males and
females and an Increase 1n thyro1d alveolar
adenomas In males 1n 16 mg/kg/day group

Cabral et al . ,
1977

Cats
{breedlng
females)

oral
(d1et)

3 or B.7 mg/day/cat

142 days

Welght loss and lncreased d1sease suscept1b1llty
1n bred females, dose-related decrease 1n lltter
slze and survlval of offspr1ng, hepatomegaly In
off spr l ng

Hansen et al.,
1979

N
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lABLE 13-7 (cont.)

Spec1es

-'

w
I

"'
"'

Route

Dose

Durat1on

Effects

Reference

H1nks

oral
(d1et)

1 or 5 mg/kg d1et

durlng gestat1on
untll 17 weeks of
age

Dose-related 1ncrease ln offsprlng mortal1ty,
1nduct1on of hepat1c HFO enzymes 1n exposed
offspr1ng

Rush et al.,
1983

Dog
(female)

oral
(capsule)

50 or 150 mg/kg/day

21 days

L1ver and hepatocyte enlargement, dose-1nduced
electroencephalogram dysrhythm1as

Sundlof
et al., 1981

Dog

oral
(capsule)

l, 10, 100 or 1000
mg/day/dog

1 year

Increase 1n mortal1ty, neutroph111a, and
anorex1a 1n the 100 and 1000 mg dose groups,
dose-related nodular hyperplas1a of gastr1c
lympho1d t1ssue 1n all treated anlmals

Gralla et al.,
1977

Hon key
(female)

oral
(gavage)

8, 32, 64 or 128
mg/kg/day

60 days

Dose-related pathology 1n llver, k1dney, ovar1es
and thymus

Iatropoulus
et al., 1976

Honkey

oral
(nurs1ng)

7.51-186 ppm m1lk

60 days

2 of 3 1nfants d1ed as a result of exposures

Ba1ley et al.,
1980

TABLE 13-B
Comparlsona,b of Toxic Effects of Chlorinated Benzenes ln Rats

Organ/Body
Weight Changes

Chemical

Hano-CB

l, 2-DCB

_,

1,3-DCB

Porphyrlnogenlc Neurologlc
Effects
Effects

(I}

2000 mg/m•
(90)d

1.0 mg/m•
(60)

(0)

100 mg/kg/day
(99)

500 mg/kg/day
500
mg/kg/day (90)
(90)

Hematopoletlc
Effects

l.O mg/m•
(60)

Renal
Effects

0.1 mg/m•
(BO}

Hepatic
Effects

0.1 mg/m•
(BO}

500 mg/kg/day
(90)

500
mg/kg/day
(90)

250
mg/kg/day
(90)

0.1 mg/kg/day
( 150)

500 mg/kg
(90)e

125 mg/kg
(90}e

4800
mg/m•
(97)f

950 mg/m 3
(219)C

500 mg/kg
(28}e

376 mg/kg
(l92}e

186 mg/m 3
(90)C

186 mg/m 3
(90)C

Adrenal
Effects

Reproductive
and Teratogenic
Effects

345 mg/m•C
(168)

455 mg/m 3 (15)

(I}

(0)

w

Altered
Enzyme
Levels

125 mg/kg (90)e

0.1
500 mg/kg (90)e 0.01
mg/kg/day
mg/kg/day
( 150}
( 150)

(I}

(0)

I

w
"'

1,4-DCB

1,2,3-TCB
1,2,4-TCB

l,3,5-TCB

(I}

-450 mg/m 3
(532)j

(0)

188 mg/kg
(192}e

-3000 mg/m•
(532}j

4800 mg/m 3
(97)f

20
770 mg/kg/day
mg/kg/day (5)
(14}

-450 mg/m 3
(lO)I

(I}

(0)
(I}

186 mg/m• (90)C

(0)

40 mg/kg/day
(90)

74.2 mg/m 3
(90)d
10
mg/kg/day
(90)

100 mg/kg/day
(30)

120
33-56
360
mg/kg/day mg/kg/day mg/kg/day
(95}g
(5)
( 5)

(I}

(0)
1,2,3,4-TeCB

(I}

(0)

300
mg/kg/day
(5)

200 mg/kg/day
( lO}

300
mg/kg/day
(5)

200 mg/kg/day
(10)

Carcinogenic
Effects

TABLE 13-B (cont.)

Organ/Body
We\ght Changes

Chem\cal

Altered
Enzyme
Levels

Porphyr\nogen\c Neurolog\c Hematopo\et\c
Effects
Effects
Effects

Hepat\c
Effects

Renal
Effects

Adrenal
Effects

1,2,3,5-TeCB (I I
(0)
1,2,4,5-TeCB (I I
(0)

PCB

(I I

(0)

......
(,J

HCB

200 mg/kg/day
( 10)
0.005 mg/kg/day
(240)

75
mg/kg/day
(60)

46 mg/kg/day
(180)

25
mg/kg/day
( 10)

0.3 mg/kg/day
(130)

5 mg/kg/
day (60)

0.005
mg/kg/day
(240)

75
1000
mg/kg/day mg/kg/day
(5)
(60)

200 mg/kg/day
(10)

97
mg/kg/day
(100)

46
mg/kg/day
(180)

16-31 mg/kg/day
(100)

0.01 mg/kg/day 2 mg/kg/
(130)
day (910)

2 mg/kg/
day (105)

75 mg/kg/day
(60)

97 mg/kg/day
(100)

(I)

(0)

I
I\,)
~

Reproduct\ve
Carc\nogen\c
and Teralogen\c
Effects
Effects

0.5 mg/kg/day
(105)

50 mghkg
(105)

2 mg/kg/
day (910)

10 mg/kg/day
( 10)

4-5 mg/kg/day
(730)

aAll values are the lowest dose level reported for each l\sted effect category, from the mammalian tox1c1ty sect1ons of Chapters 7-12, w1th dos1ng duration
listed 1n (days). Ablank 1ndlcates that the effect has not been reported In this species for this Isomer.
bfrom subchron1c, chronic, reproductive and teratogenlclty studies
cmg/m•, 7 hours/day, 5 days/week
dmg/m•, 6 hours/day, 5 days/week
emg/kg, 5 days/week
fmg/m•, B hours/day, 5 days/week
gin r0 and F1 generations: enlarged adrenals
hmg/kg every other day
16 hours/day
lmg/m•; 5 hours/day, 5 days/week
I

=

Inhalation exposure; O = oral exposure

Mono-CB = monochlorobenzene; DCB

=

dlchlorobenzene; TCB = trlchlorobenzene; TeCB

=

tetrachlorobenzene; PCB

=

pentachlorobenzene; HCB = hexachlorobenzene

TABLE 13-9
Compar1sona,b of Tox1c Effects of Chlor1nated Benzenes ln M1ce

Organ/Body
We1ght Changes

Chem1cal

Mono-CB

(I)

1,2-DCB

(I)

(0)

(0)
l, 3-DCB

Altered
Enzyme
Levels

Porphyr1nogen1c
Effects

Neurolog1c
Effects

Hematopo1et1c
Effects

Renal
Effects

Hepat1c
Effects

250 mg/kg/
day (90)

60 mg/kg/
day (90)

125 mg/kg/day
(90)

250 mg/kg/day
(90)

500 mg/kg/day
(90)

500 mg/kg
(9Q)C

500 mg/kg (90C

500 mg/kg
(90)C

250 mg/kg
(90)C

(I)

(0)

_,
(I,)

l ,4-0CB

I
N

(I)

(0)

c..n
l,2,3-TCB

(I)

(0)
1,2,4-TCB

(I)

(0)
1,3,5-TCB

(I l

(0)
l,2,3,4-TeCB (I)
(0)
l,2,3,5-TeCB (I)
(0)
1,2,4,5-TeCB (I)
(0)

900 mg/m•
(14 )d

900 mg/m•
(14 Jd

Adrenal
Reproduct1ve
Effects and Teratogen1c
Effects

Carc1nogen1c
Effects

TABLE 13-9 (cont.)

Organ/Body
Weight Changes

Chemical

_,
w

PCB

(I)
(0)

HCB

(I)
(0)

I
N
O"

Altered
Enzyme
Levels

Porphyrlnogenlc
Effects

Neurologlc Hematopoletlc
Effects
Effects

Renal
Effects

Hepatic
Effects

Adrenal Reproductive
Carcinogenic
Effects and Teratogenic
Effects
Effects

50 mg/kg/day
(10)
0.01 mg/kg/day 0.01 mg/kg/
(21)
day (21)

24 mg/kg/
day (840)

12 mg/kg/
day (840)

100 mg/kg/day
(10)

12 mg/kg/day
(840)

aAll values are the lowest dose level reported for each listed effect category, from the marrmallan toxicity sections of Chapters 7-12, with dosing duration
listed In days. A blank Indicates that the effect has not been reported In this species for this Isomer.
bfrom subchronlc, chronic, reproductive and teratogenlclty studies
cmg/kg, 5 days/week
de hours/day
I = Inhalation exposure; D = oral exposure
Mono-CB = monochlorobenzene; DCB = d\chlorobenzene; TCB

trlchlorobenzene; TeCB = tetrachlorobenzene; PCB = pentachlorobenzene; HCB = hexachlorobenzene

TABLE 13-10
Comparlsona,b of Toxic Effects of Chlorinated Benzenes In Rabbits

Organ/Body
Welght Changes

Chemlcal

Mono-CB

Altered
Enzyme
Levels

Porphyrlnogenlc Neurologlc
Effects
Effects

Hematopo1etlc
Effects

Renal
Effects

Hepat1c
Effects

4800 mg/m•
(97)d

4BOO mg/m•
(97Jd

345 mg/m•
(168)C

(I)

(0)
1,2-DCB

(I l

(0)
l,3-DCB

(0)

_,

cu
I

(I)

1,4-DCB

"'

4800 mg/m 3
(97Jd

(I)

....i

(0)
1,2,3-TCB

(I l

(0)
1,2,4-TCB

(I)

(0)
1,3,5-TCB

(I)

(0)
1,2,3,4-TeCB (I)
(0)
1,2,3,5-TeCB (I)
(0)

500 mg/kg
(367)e

500 m~/kg
(367)

500 ~/kg
(367)

Repr oduc t1 ve
Adrenal
Carc1nogen1c
Effects and Teratogenlc
Effects
Effects

TABLE 13-10 (cont.)

Organ/Body
Welght Changes

Chemlcal

Altered
Enzyme
Levels

Porphyr\nogenlc Neurolog\c
Effects
Effects

Hematopoletlc
Effects

Renal
Effects

Hepatlc
Effects

Adrenal Reproductlve
Carclnogenlc
Effects
Effects and Teratogenlc
Effects

1,2,4,5-TeCB (I)
(0)

PCB
__,
w

I
N

0.05 mg/kg/day
(240)

(I)

(0)

HCB

(I)

(0)

o::>

aAll values are the lowest dose level reported for each listed effect category, from the manrnallan toxlclty sectlons of Chapters 7-12, wlth doslng duratlon
llsted ln days. A blank Indicates that the effect has not been reported ln thls specles for thls Isomer.
bfrom subchronlc, chronlc, reproductive and teratogen\clty studles
Cmg/m•, 7 hours/day, 5 days/week
dmg/m•, B hours/day, 5 days/week
emg/kg, 5 days/week
I = Inhalatlon exposure; O = oral exposure
Kono-CB = monochlorobenzene; DCB = dlchlorobenzene; TCB = tr\chlorobenzene; TeCB

tetrachlorobenzene; PCB = pentachlorobenzene; HCB = hexachlorobenzene

TABLE 13-11
Comparlsona,b of Toxic Effects of Chlorinated Benzenes In Dogs

Organ/Body
We1ght Changes

Chemic a 1

Mono-CB

{I)

1500 mg/m•
{90)C

(0)
1,2-DCB
(..)

I

{I)

(0)

_,
1,3-0CB

{I)

(0)

I\)

\0

1,4-0CB

(I l
(0)

1,2,3-TCB

{I)

(0)
1,2,4-TCB

{I)

(0)
1,3,5-TCB

{I)

(0)
1,2,3,4-TeCB {I)
(0)
1,2,3,5-TeCB {I)
(0)

742 mg/m• {44 )d

Altered
Enzyme
Levels

Porphyrlnogenlc Neurolog1c Hematopo1et1c
Effects
Effects
Effects

Renal
Effects

Hepa Uc
Effects

Adrenal
Reproduct1ve
Carcinogenic
Effects and Teratogen1c
Effects
Effects

2000 mg/m•
(90)C

2000 mg/m•
(90)C

2000 mg/m•
(90)C

2000 mg/m•
{90)C

2000 mg/m•
(90)C

272.5 mg/
kg/day (90)

272.5 mg/kg/
day (90)

272.5 mg/
kg/day (90)

272.5 mg/
kg/day (90)

272.5 mg/
kg/day (90)

lABLE 13-ll (cont.)

Organ/Body
Welght Changes

Chemlcal

1,2,4,5-TeCB (I)
(0)
PCB

(I)
(0)

HCB

(I)
(0)

......
<..)

I
<..)

0

Altered
Enzyme
Levels

Porphyrlnogenlc Neurologlc Hematopoletlc
Effects
Effects
Effects

Renal
Effects

Hepatlc
Effects

Carclnogenlc
Adrenal Reproduc tl ve
Effects and Teratogenlc
Effects
Effects

5 mg/kg/day
(730)

50 mg/dog/ 100 mg/dog/day
day (21)
(365)

50 mg/dog/
day (21)

aAll values are the lowest dose level reported for each llsted effect category, from the malll1lilllan toxlc1ty sections of Chapters 7-12, with dosing duration
listed 1n (days). A blank lndlcates that the effect has not been reported ln this species for this 1somer.
bfrom subchronlc, chronic, reproductive and teratogenlclty studies
tmg/m•, 6 hours/day, 5 days/week
dmg/m•, 7 hours/day, 5 days/week
I

c

Inhalation exposure; O = oral exposure

Mono-CB = monochlorobenzene; DCB = dlchlorobenzene; TCB = trlchlorobenzene; TeCB

=

tetrachlorobenzene; PCB

c

pentachlorobenzene; HCB

E

hexachlorobenzene

TABLE 13-12
Compar1sona,b of Toxic Effects of Chlorinated Benzenes In Monkeys

Organ/Body
Weight Changes

Chemical

_.
(,,)

Mono-CB

(I)
(0)

l,2-DCB

(I)
(0)

l, 3-0CB

(I)
(0)

1,4-DCB

(I)
(0)

l,2,3-TCB

(I)
(0)

l,2,4-TCB

(I)
(0)

l,3,5-TCB

(I)
(0)

I

.....
(,,)

Altered
Enzyme
Levels

90 mg/kg/
day (30)

Porphyrlnogenlc
Effects

Neurologlc
Effects

Hematopoletlc
Effects

Renal
Effects

174 mg/kg/
day (30)

Hepatic
Effects

Adrenal
Reproductive
Carcinogenic
Effects
Effects and Teratogenic
Effects

174 mg/kg/
day (30)

l,2,3,4-TeCB (I)
(0)
1,2,3,5-TeCB (I)
(0)
1,2,4,5-TeCB (I)
(0)
PCB

(I)
(0)

HCB

(I)
(0)

B mg/kg/
day (60)

B mg/kg/day
(60)

aAll values are the lowest dose level reported for each listed effect category, from the mammalian toxicity sections of Chapters 7-12, with dosing duration
listed In (days). A blank Indicates that the effect has not been reported In this species for this Isomer.
bFrom subchronlc, chronic, reproductive and teratogenlclty studies
I = Inhalation exposure; 0 = oral exposure
Mono-CB = monochlorobenzene; DCB • dlchlorobenzene; TCB = trlchlorobenzene; TeCB = tetrachlorobenzene; PCB = pentachlorobenzene; HCB = hexachlorobenzene

because the var1ety of stud1es used to glean the effects 1nformat1on were as
follows:

the stud1es were conducted under a wide range of experimental

cond'\t1ons; employed d1fferent study durations;

used a variety of an1mal

strafos and d1fferent group s1zes; and designed to assess d1fferent endpoints.

Nevertheless, these tables do allow for a broad comparison of the

tox'c effects 'nduced by the 12 different chlorinated benzenes in a variety
of species.
After reviewing Tables 3-8 through 13-12, 1t can be seen that large data
gaps

exist

for

dichlorobenzene,

many

of

the

chlorinated

benzenes,

especially

for

the trichlorobenzenes and the tetrachlorobenzenes.

l,3Also,

except for the rat and possibly the mouse, the effects from subchronic and
chronic exposure
animal

species

to
have

chlorinated benzenes

the different chlorinated benzenes
not

been

studied.

of

possible

structure activity relationships wi 11, for

the most

part, be left to the document reader.

The

in a variety of

interpretation

The only interpretation that will be

proposed from these comparison tables is an apparent trend, for many of the
toxic effect categories, of increased toxicity wHh increased chlorination
of the benzene ring.
13.2.2.

Estimated Toxic1ty Thresholds.

Estimated toxicHy threshold

levels as determined from the stud1es discussed 1n the respective ma11111alian
tox1c1ty sections of Chapters 7-12 of th1s document are presented in Table
13-13.
13.3.

CARCINOGENICITY STUDIES

Adequate ev1dence of the carc1nogen1ci ty of the d1fferent chlorinated
benzenes has only been found for hexachlorobenzene.
benzenes either have not

been stud1ed for

their

stud1es that have been conducted are inadequate.
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The other chlorinated
carcinogen1city or

the

TABLE 13-13
Tox1clty Data for Threshold Est1mates

Compound

w
I
w
w

Spec1es

Route

Dose
Concentrat1on

Dose
Duration

Effect
Level

Reference

Monochlorobenzene

dog

lnhalat1on

0.75 mg/l (162 ppm),
6 hour/day, 5 day/week

62 exposures
over 90 days

NOEL a

Monsanto, 1978

Monochlorobenzene

rat

Inhalation

2.0 mg/l, 6 hour/day,
5 day/week

62 exposures
over 90 days

NOEL a

Monsanto, 1978

Monochlorobenzene

dog

oral

27.3 mg/kg/day

90 days

NOEL a

Monsanto, 1967a

Monochlorobenzene

rat

oral

50 mg/kg/day

93-99 days

NOEL a

Monsanto, l967b

Monochlorobenzene

rat

oral

14.4 mg/kg/day

192 days

NOAELb

Irish, 1963

Monochlorobenzene

rat

oral

125 mg/kg/day,
5 day/week

13 weeks

NOEL a

NTP ,. 1983

Monochlorobenzene

rat

oral

250 mg/kg/day,
5 day/week

13 weeks

LOAELa

NTP, 1983

Monochlorobenzene

mouse

oral

60 mg/kg/day,
5 day/week

13 weeks

LOAELa

NTP, 1983

l,2-D1chlorobenzne

rat, rabbit,
monkey

lnha latlon

560 mg/m•,
7 hour/day, 5 day/week

6-7 months

NOEL a

Ho 111 ngswor th
et al., 1958

l,2-D1chlorobenzene

gu1nea p1g

lnhalat1on

290 mg/m•,
7 hour/day, 5 day/week

6.5 months

NOEL a

Hollingsworth
et al., 1958

l,2-Dlchlorobenzene

rat

oral

18.8 mg/kg, 5 day/week

138 doses

NOEL a

Ho 111 ngswor th
et al., 1958

l,2-Dlchlorobenzene

rat

oral

0.001 mg/kg/day

5 months

NOEL a

Varshavskaya,
1967a

l,2-01chlorobenzene

rat

oral

30 mg/kg, 5 day/week

13 weeks

LOAELa

NTP, 1982

l,2-D1chlorobenzene

mouse (female)

oral

250 mg/kg, 5 day/week

13 weeks

NOEL a

NTP, 1982

l,2-D1chlorobenzene

mouse (male)

oral

125 mg/kg, 5 day/week

13 weeks

NOEL a

NTP, 1982

l,4-D1chlorobenzene

rat, gu1nea pig,
mouse, rabb1t,
monkey

Inhalation

580 mg/m•,
7 hour/day, 5 day/week

6-7 months

NOEL a

Ho 111 ngswor th
et al., 1956

l,4-01chlorobenzene

rat

lnhalatlon

-450 mg/m 3
5 hours/day, 5 days/week

76 weeks

NOEL a

Loeser and
L1tchf1eld, 1983

l,4-D1chlorobenzene

rat

oral

18.8 mg/kg, 5 day/week

138 doses

NOEL a

Ho 111 ngswor th
et al., 1956

TABLE 13-13 (cont.)

C0111pound

I

Route

Dose
Concentrat1on

Dose
Dural1on

Effect
Level

Reference

l,2,4-Tr1chlorobenzene

rat

1nhalat\on

22. ~ r••.1/m' ,
6 hour/day, 5 day/week

3 months

NOAELa

Watanabe et al.,
1978

1,2,4-Tr1chlorobenzene

rabbit, monkey

1nhalatlon

742 mg/m',
7 hour/day, 5 day/week

26 weeks

NOEL a

Coate et al.,
1977

1,2,4-Trlchlorobenzene

monkey

oral

25 mg/kg/day

30 days

NOEL a

Smith et al.,
1978

1,3,5-Trlchlorobenzene

rat

Inhalation

74.2 mg/m•,
6 hour/day, 5 day/week

13 weeks

NOAELa

Sasmore and
Palmer, 1981

1,2,4,5-Tetrachlorobenzene

rat, rabbit

oral

0.001 mg/kg/day

8 months

NOEL a

Fomenko, 1965

Pentachlorobenzene

rat

oral

250 mg/kg diet
(-16-31 mg/kg/day)

180 days

NOEL a

Linder et al.'
1980

Pentachlorobenzene

rat

oral

500 mg/kg diet
(-27-63 mg/kg/day)

180 days

LOAELa

Linder et al.•
1980

Pentachlorobenzene

rat (offspring)

oral

125 mg/kg diet
(-14-16 mg/kg/day)

gestation and
suckling

NOEL a

Linder et al.,
1980

Pentachlorobenzene

rat (offspring)

oral

50 mg/kg/day

days 6-15 of
gestation

LOAELa

Khera and
VI lleneuve, 1975

Hexachlorobenzene

rat

oral

0.5 mg/kg/day

15 weeks

NOAELa

Kuiper-Goodman
et a 1., 1977

Hexachlorobenzene

rat

oral

2.0 mg/kg/day

15 weeks

LOAELa

Kuiper-Goodman
et a 1., 1977

Hexachlorobenzene

rat

oral

0.32 mg/kg diet
(0.01-0.04 mg/kg/day)

gestationlifetime

NOEL a

Arnold et al.,
1985

Hexachlorobenzene

rat

oral

20 mg/kg diet

Fo to F4
generations

NOEL a

Grant et al.,
1977

......
c,.)

Spec1es

c,.)
~

aEstlmated toxicity thresholds as determined in the respective Mammalian Toxicity Sections of this document.
bEstlmated toxicity thresholds as found In U.S. EPA, 1980b.
NOEL = No-observed-effect level: That exposure level at which there are no statistically significant Increases In frequency or severity of
effects between the exposed population and Its appropriate control.
NOAEL = No-observed-adverse-effect level: That exposure level at which there are no statistically significant Increases In frequency or
severity of adverse effects between the exposed population and Its appropriate control. Effects are produced at this dose, but they are not
considered to be adverse.
LOAEL = Lowest-observed-adverse-effect level: The lowest exposure level In a study or group of studies which produces statistically significant Increases In frequency or severity of effects between the exposed population and Its appropriate control.

The chlor1nated benzenes for wh1ch animal carcinogen1c1ty stud1es "'ere
available

for

review

were

hexachlorobenzene,

1,2,4-trichlorobenzene,

1,2-dichlorobenzene, 1,4-dichlorobenzene and monochlorobenzene.

One study

which included both rats and mice, was available for monochlorobenzene and
for

The chronic

1,2-dichlorobenzene.

studies which were available for

hexachlorobenzene included two on hamsters, one on mice and four on rats as
well as a few studies which failed to qualify as carcinogenicity tests.
All of the hexachlorobenzene carcinogenicity studies, with the exception
of one, conducted at low doses, yielded one or more sites of significantly
increased tumor

incidence.

The primary target organ appears to be the

liver, but thyroid, parathyroid and adrenal glands also showed increases and
in one instance kidney tumors were increased.
Malignant liver tumors occurred in one experiment on hamsters (Cabral et
al., 1977) where the incidence of haemangioendothelioma was 6/30 (20") in
treated males at 8 mg/kg bw/day compared with 0/40 (0") in controls and an
incidence of 7/60 (12") in treated females at 16 mg/kg bw/day compared with
0/39 (0%) in controls.

In an experiment in rats Lambrecht (1983) obtained

hepatocellular carcinoma in hexachlorobenzene-treated males with a frequency
of 3/52 (6%) compared to 0/54 (0%) in controls and of 36/56 (64%) in treated
females compared to 0/52 (0%) in controls.

These effects were produced at

4-5 mg/kg bw/day.
Hepatoma was increased as a result of hexachlorobenzene in two hamster
studies (Cabral et al., 1977; Lambrecht et al., 1982).

In the latter report

the number of animals at risk was small and the increase just detectable.
In the Cabral study at a dose of 4 mg/kg bw/day both males and females had a
14/30 (47%) incidence o-f hepatoma while controls for each sex had 0/40
(0%).

The incidence went as high as 51/60 (85%) at the largest dose used.
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Cabral (1979) also found an incidence of 3/12 (25%) in both male and female
m1ce admin1stered 6 mg/kg bw/day hexachlorobenzene compared w1th 0/50 (0%)
1n controls.

The rat studies in which hepatomas were reported are those of

SmHh and Cabral (1980) and Lambrecht et al. (1983).

In the study of SmHh

and Cabral (1980) an Agus rat strain was used that is particularly suscept1ble to porphyr1a and liver tumors.

These animals, all female, gave 100%

y1eld of hepatoma in 14 animals compared to 0/12 (0%) in controls.

Part of

that same study employed six female Wistar rats in a treated group and 4 of
6 cases of hepatoma (67%) were reported compared with 0/4 (0%) in controls.
In lambrecht's study at 4-5 mg/kg bw/day Sprague-Dawley rats developed
hepatoma in 19% of treated males and 46% of treated females while controls
for both sexes were 0/52 (0%).

They also found hepatocellular carcinoma in

females with an incidence of 36/56 (64%) at 4-5 mg/kg/day and 48/55 (87%) at
8-10 mg/kg/day.
The

11ver

carcinogenicity

and

tumorigen1city

of

hexachlorobenzene,

therefore, seems established by repeated experiments in rats and hamsters
and by a s1ngle study in mice.
low as 4-5 mg/kg bw/day.

A high incidence is induced w1th doses as

This dosage appears to be effective in three

rodent species in inducing hepatoma.
Other tumors were reported as well as those which occurred in the liver.
In male hamsters, thyroid tumors were sign1ficantly elevated at 16 mg/kg
bw/day in males and in a 2-generation study, rats of the F1 generat1on had
significant increase in adrenal pheochromocytoma in females and parathyroid
tumors
reasons.

in males.

These tumors may not be spurious for

the following

The doses 1nvolved did not produce significant toxicity and it is
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unlikely that nonspecific
sponses.

stress or

systemic

toxicity evoked these re-

Also, one of the observations made on humans accidentally exposed

to hexachlorobenzene,

initially and

in a 25-year follow-up,

is thyroid

enlargement well above expected levels for that area (Peters et al., 1982).
In addition, rats exposed to monochlorobenzene had a significant decrease in
pituitary adenoma incidence suggesting that the endocrine balance may be
affected by chlorinated benzenes.
There was one report of a significant increase in renal cell adenoma in
rats of both sexes at 4-5 mg/kg bw/day.
The studies on 1,2-dichlorobenzene and monochlorobenzene were conducted
at doses which may have been less than the MTD as estimated by subchronic
range finding studies.

In

the case of 1,2-dichlorobenzene in rats no

increase in tumors or other pathology was found.

In mice no tumor type was

significantly increased compared with controls.
In the case of the monochlorobenzene a significantly increased incidence
of neoplastic nodules in male rats was induced at a gavage dose of 120 mg/kg

bw/day.

The data on the 1,2-dichlorobenzene and monochlorobenzene are in-

adequate to draw conclusions concerning the human carcinogenicity of these
compounds.
For hexachlorobenzene, the studies showing positive tumor responses are
summarized in Table 13-14.

This compound has

induced

liver

tumors

in

hamsters, mice and rats, thyroid tumors in hamsters, and kidney and adrenal
tumors in rats.

Using the IARC ranking system for classifying the evidence

of carcinogenicity, hexachlorobenzene would be a Group 2 chemical which IARC
describes as a probable carcinogen in humans.
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TABLE 13-14
Surrmary of Tumors Induced 1n Rodents by HCB

Males
Spec1es

Lowest
to Produce Tumor
mg/kg bw/day

Hamsters
Hamsters

Hamsters
~

V)

I

w

CXI

Hamsters

4
8 male; 16 female

16
200 ppm

Tumor
Type

Females
Reference

"

Tumor
Type

hepatoma

47/0

hepatoma

47/0

Cabral, 1977

haemang1oendothel1oma of
11ver

20/0

haemang1oendothel1oma of
11ver

12/0

Cabral, 1977

thyro1d adenoma

14/0

thyro1d adenoma

6/0

Cabral, 1977

hepatoma

B/O

hepatoma

8/0

Lambrecht et al., 1982a

hepatoma

25/0

hepatoma

25/0

Cabral, 1979

Treated/Control

"

Treated/Control

"11ce

6

Rats

6-8

hepatoma
(Agus)

100/0

Sm1th and
Cabral, 1980

Rats

6-8

hepatoma
(W1star)

67/0

Smtth and
Cabral, 1980

Rats

F1 dose unknown
1n utero, adult =
0.4

parathyro1d

25/4

Rats

F1 dose unknown
1n utero, adult
0.4

adrenal pheochromocytoma

35/23

Rats

c

V1t. A content
var1ed, HCB c 0.4

none

Arnold et al., 1985

adrenal pheochromocytoma
none

35/4

Arnold et al., 1985

Arnold et al., 1985

TABLE 13-14 (cont.)

Males
Spec1es
_,

Lowest
to Produce Tumor
mg/kg bw/day

Tumor
Type

c..:>

Females

"

Tumor
Type

Treated/Control

Reference

"

Treated/Control

I

c..:>
u:>

Rats

4-5

hepatoma

19/0

hepatoma

41>/0

Lambrecht, 1983

Rats

4-5

hepatocellular
carclnoma

()/0

hepatocellular
carc1noma

&4/0

Lambrecht, 1983

Rats

4-5

rena 1 ce 11
adenoma

79/13

renal cell
adenoma

13/2

Lambrecht, 1983

A quantitative estimate of the carcinogenic potency of hexachlorobenzene
and an upper-bound estimate of the risks from continuous human exposure to l
µg/m 3 in air and l µg/R. in drinking water were made from data on the
hepatocellular carcinoma response in female rats.

The upper-bound slope of

the dose-response curve, q1*, is 1.7/(mg/kg/day), giving a potency index
which is in the second quartile of 54 suspect carcinogens evaluated by the
Carcinogen Assessment Group.

The unit risks for air and water exposures are

4.9xl0- 4

ambient

for

drinking water.

1

µg/m 3

in

air

and

4.9xlo-s

for

l

µg/R.

in

Corresponding estimates from 13 other data sets, encompass-

ing different tumor sites and animal species, fall within a factor of 10 of
the above estimates, except for thyroid tumors in hamsters, which give estimates of about 1/20 of the potency based on the rat hepatocellular carcinoma
response.
13.4.

HUMAN STUDIES

Although animal studies indicate that hexachlorobenzene is carcinogenic
in hamsters, rats and mice, no adequate epidemiologic studies were available
to corroborate these findings in humans.

However, the human data which has

been collected were not designed to detect human carcinogenicity, but rather
to provide a better understanding of hexachlorobenzene toxicity in infants
(pink sore) and adults (porphyria cutanea tarda) (Cam, 1963; Cripps et al.,
1981; Peters et al., 1966; Peters et al., 1982).
chlorobenzene-induced

toxicity,

human

In the studies of hexa-

consumption

of

hexachlorobenzene

through contaminated wheat was estimated at 50-200 mg hexachlorobenzene/
person/day (0.71-2.86 mg/kg bw/day for a 70 kg male); these doses were
sufficient to cause porphyria cutanea tarda and other effects in 3000-5000
people (Courtney, 1979).

Epidemiologic studies with occupationally-exposed

workers or people living in the vicinity of a chlorinated solvents plant
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were not designed

to detect carcinogenicity.

The exposure information

provided by those studies is not sufficient to relate dose level to effect
(Currier et al., 1980).
Two other chlorinated benzenes were reported to have effects in humans.
1,2-0ichlorobenzene (Zapata-Gayon et al., 1982) and 1,2,4,5-tetrachlorobenzene (Kiraly et al., 1979) each caused statistically significant increases
in the frequency of chromosomal aberrations, but neither study reported the
ambient atmospheric concentration.

Thus, these two chlorobenzenes are clas-

togenic, but the critical exposure concentration is not known.
13.5.

FACTORS INFLUENCING HEALTH HAZARD ASSESSMENT

13.5. l.

Exposure.

For an individual or a population, exposure to poten-

tially toxic substances occurs on two levels.

The first is exposure to

ambient environmental levels which occurs through food, drinking water and
air.

Physiologic exposure is the second and more important level and occurs

after the compound has been absorbed and is in a position to interact
directly with critical cellular components.

This interaction is the basis

for toxicologic effects.
Chlorinated benzenes in the environment are resistant to biotransformation and degradation and are, therefore, ecologically persistent compounds.
At the level of the individual organism, these compounds are biologically
persistent because of their affinity for fatty tissues and their slow rate
of biotransformation or elimination (see Section 5.3.).

Thus, biological

persistence and bioaccumulation in nonhuman organisms increase the likelihood of human exposure.

Tables 13-15 and 13-16 present some useful proper-

ties and trends of chlorinated benzenes which illustrate the differences
that exist between the chlorinated benzenes isomers and their potential for
human exposure.
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TABLE 13-15
Compartson of Chemtcal and Phystcal Properltes of Chlortnaled Benzenes

_,
(.il

I
!'\)
"""'

Chemtcal

Molecular
Wetghta

Hell t ng
Potnl (°C)a

Monochlorobenzene

112. 56

-45.6

132

1.1058

2.84

Otchlorobenzene
1,21,31,4-

147 .01
147 .01
147.01

-17 .0
-24.7
53. l

180.5
173
174

1.3048
1.2828 (25)
1.2475

3.38
3.38
3.39

1.28
1.89
1.0

Tr1chlorobenzene
1,2,31,2,41,3,5-

181.46
181.46
181.46

221
213.5
208.4

1.69
1.4542
l. 3865

4.1
4.12
NA

0.07
0.29
0.15

Tetrachlorobenzene
1,2,3,41,2,3,51,2,4,5-

215.90
215.90
215.90

47.5
54.5
139.5

254
246
246

NA
NA
1.858 (22)

NA

0.04
0.07
0.05

Pentachlorobenzene

250.34

86

277

1.8342 (16.5)

5.63

-o

Hexachlorobenzene

284.76

230

3229

1.569 (23)

5.8

l.68x10- 5

a1ncreas1ng trend
boecreas1ng trend
NA = Not ava1lable
P0 = Part1tton coeff1c1ent at 25°C

52.6
16. 95
63.4

Botl tng
Potnt ( 0 C)a

Dens tty
g/mc (20°C)a

(64)

Log poa

NA

4.93

~-

Volaltltly ln
Vapor Pressure
MM Hg at 25•cb
11.8

}
J

Ltkely lo be present as
vapor 1n amb1ent a1r

Not ltkely to be present
1n amblent a1r -- more
11kely to be present 1n
condensed state ln sotl
etc.

TABLE 13-16
Compar1son of Chlor1nated Benzenes BCF and Water Concentrat1ons

Chem1cal

Honochlorobenzene

_.
c...>

Be Fa
(ra1nbow trout)

46

Mean Chlorobenzene
Concentrat1ons 1n
Dr1nk1ng Waterb
( ng/ll.)

Chlor1nated Benzenes 1n
Var1ous Wastewaters
Mean Concentrat1on
(µg/R.)

NA

667

3
l
13

141
21
79

01chlorobenzene
l,2l. 3-.
l,4-

270-560
420-740
370-720

Tr1chlorobenzene
l,2,31,2,41,3,5-

l,200-2,600
890-3,200
1,800-4, 100

0. l
2
<O. l

NA
161
NA

Tetrachlorobenzene
l,2,3,41,2,3,51,2,4,5-

5,200-12,000
NA
5,300-13,000

0.3
<0.05
0.2

NA
NA
NA

Pentachlorobenzene

13,000-20,000

0.04

NA

Hexachlorobenzene

5,500-20,000

0. l

NA

I

~

c...>

a1ncreas1ng trend
boecreas1ng trend
BCF : B1oconcentrat1on factor; NA : not ava1lable

Although toxic effects in humans have not been directly related to
ambient chlorinated benzene exposure, it is apparent from the residue levels
1n human tissues that humans rece1ve physiolog1c exposures to the chlori-

nated benzenes (see Section 4.3.5.).

A comparison of human ambient exposure

levels and tissue concentrations confirms that humans bioaccumulate chlor1nated benzenes

(Burn et al.,

1974;

Currier et al.,

1980).

Prolonged

physiologic exposure and the uncertainty of the toxic effects of chronic
low-dose exposure to the chlorinated benzenes increase the concern for human
exposures resulting from ambient levels of these substances.
The large number of locations at which chlorinated benzenes have been
detected indicate their ubiquity in the environment and is a reflection of
their annual production volume, release rate, end uses (Sections 4.1.-4.3.),
and

their environmental

exposure

to

transport and fate (Sections 5. 1.-6.3.).

these ambient

concentrations

depends

on

the

Human

chlorobenzene

concentration in, and absorpt1on efficiency from, air, drinking water or
food.

The relative contribution of each medium to the total human exposure

was estimated from monitoring data for several areas of the United States;
the

limitations of

these estimates are discussed in Section 4.4.

The

estimated yearly exposures to the chlorinated benzenes from air are shown in
Table 13-17 and are based on the data for each chlorobenzene shown in Table
4-8.

The available data indicate that human exposure to chlorinated ben-

zenes

through inhalation may be greater

through drinking water or through foods.

than ingestion exposure either
The relative contribution of food

to human exposure is less certain because food has not been extensively
monHored for chlorinated benzene residues; two studies estimated annual
hexachlorobenzene exposures of 0.026 mg/year and 0. 145 mg/year, respectively
(IARC, 1979).
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TABLE 13-17
Est1mated Yearly Exposure to Several
Chlor1nated Benzenes V1a Inhalat1on

Ex~osure {mg/~r)

Chemical

Mean Amb1ent Concentrat1on (ng/m3)*

Adult
Han

Adult
Woman

Honochlorobenzenes

3087

25.9

1,2-Dichlorobenzene

1142

1,3-Dichlorobenzene
1,4-Dichlorobenzene
Trichlorobenzenes
Tetrachlorobenzenes

Child
( 10 yr)

Infant
( l yr)

23.8

17.0

4.3

9.6

8.8

6.3

1.6

571

4.8

4.4

3. l

0.8

1563

13. l

12.0

8.6

2.2

136

l. l

1.0

0.7

0.2

3502

29.4

27.0

19.3

4.9

*Mean levels obtained from Tab le 4-8
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This paucity of data for food, however. does not preclude this medium as
a significant human exposure route.

Trout from

the Great Lakes,

for

example, had detectable levels of al 1 of the chlorobenzenes except monochlorobenzene (Oliver and Nicol, 1982). and it is conceivable that other
animals used as food sources also have tissue residues of chlorobenzenes.
13.6.

REGULATIONS ANO STANDARDS

The chlorinated benzenes are regulated under numerous United States and
foreign statutes.

These have been grouped according to the type of activity

or medium being controlled.
13.6.1.

Occupational Standards.

13.6.1.1.

MONOCHLOROBENZENE -- The

current

OSHA

standard
3

chlorobenzene levels in the workplace is 75 ppm (350 mg/m ).

for

mono-

This thres-

hold limit value (TLV). established in 1974, is not to be exceeded for an
8-hour time weighted average (TWA) for an employee's exposure in any 8-hour
shift of a 40-hour workweek (29 CFR 1910).

This standard is identical to

those recommended by the American Conference of Governmental
Hygienists (ACGIH, 1982).

Industrial

Occupational standards for monochlorobenzene have

also been established in four foreign countries.

These are presented in

Table 13-18.
The Interagency Testing Committee (ITC) designated monochlorobenzene a
TSCA Section 4(e) priority chemical in its Initial Report to the Administrator of EPA (44 FR 70666).

Additionally. all manufacturers and producers of

monochlorobenzene were required

to report exposure,

production and use

information to EPA's Office of Toxic Substances in the form of a Preliminary
Assessment Information

f~anufacturers

was November 19. 1982 (40 CFR 712).

Report.

The deadline for submission

TABLE 13-18

Occupational Standards for Honochlorobenzene*

TLV
Country
USSR·

ppm
11

German Democratic Republic
Czechoslovakia

mg/m3

Year
Adopted

50

1972

50

1973

200

1969

Federal Republic of Germany

50

230

1974

USA

75

350

1974

*Source:

Verschueren, 1977
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13.6.1.2.

OICHLOROBENZENES -- The

OSHA

standard

for

1,2-dichlorobenzene in the workplace is set at a ceiHng of 50 ppm (300 mg/m3 ). Levels
in the workplace are at no time permitted to exceed this value (39 FR, No.
125).
1982).

The 1982 ACGIH TLV for

1,2-dichlorobenzene is identical {ACGIH,

foreign standards for occupational exposure to 1,2-dichlorobenzene

are shown in Table 13-19.
In 1978, NIOSH classified 1,2-dichlorobenzene as a Group II pesticide (a
pesUcide that poses "adverse acute health risks at moderate doses") and
recommended criteria for standards for occupations in pesticide manufacturing and formulating (NIOSH. 1978).

These standards rely on engineering

controls, work practices and medical surveillance programs, rather

than

workplace air Hmits, to protect workers from adverse effects of pesticide
exposure in pesticide manufacturing and formulating.

NIOSH specifically

chose not to establish scientifically valid environmental (workplace air)
limits for pesticides (except those already promulgated) because exposure
via other routes, especially dermal, had proven to be of critical importance
for many pestkides and NIOSH believed that "immediate action" was needed to
protect workers in pesticide manufacturing and formulating plants (NIOSH,
1978).
The current OSHA standard for 1,4-dichlorobenzene in the workplace is a
TLV of 75 ppm, 450 mg/m 3 (39 FR, No. 125). In addition to recommending a
TLV identical

to the OSHA standard, ACGIH has recommended a short-term

exposure limit (STEL), the maximum concentration allowable in a 15-minute
period, of 110 ppm (675 mg/m 3 ) for 1,4-dichlorobenzene (ACGIH, 1982).
NIOSH has also classifed 1 ,4-dichlorobenzene as a Group II pesticide and
recommended criteria for workplace standards in pesticide manufacturing and
formulating plants (NIOSH, 1978).

Foreign standards for occupational expo-

sure to 1,4-dichlorobenzene are presented in Table 13-20.
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TABLE 13-19
Occupational Standards for 1,2-0ichlorobenzenea

Country
(Standard)
USSR (TLV)b

Level
ppm

mg/m3

Year
Adopted

3

20

1972

150

1973

German Democratic Republic (TLV)
USA (HAC)c

50

300

1974

Federal Republic of Germany (TLV)

50

300

1974

asource:

Verschueren, 1977

bThreshold limit value
cHaximum allowable concentration
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TABLE 13-20
Occupational Standards for 1,4-0ichlorobenzene*

TLV

Country

ppm

USSR
German Democratic Republic

mg/m3

Year
Adopted

20

1972

200

1973

USA

75

450

1974

Federal Republic of Germany

75

450

1974

*Source:

Verschueren, 1977

13-50

There are no occupa
foreign.

for

t' ona l

workplace standards. either United States or
However,

1.3-dichlorobenzene.

d1chlorobenzenes

(no

1somer

spec1f1ed) were des1gnated by the ITC as TSCA Sect1on 4(e) pr1ority chem1cals (44 FR 70666).

Separate Prel1m1nary Assessment Informat1on Manufac-

turers Reports on 1,2-. 1,3- and 1,4-dichlorobenzene were to be submitted to
EPA by November 19, 1982 (40 CFR 712).
13.6.1.3.

TRICHLOROBENZENES -- There are

no

United

States

workplace

standards for the tr1chlorobenzenes.
The ACGIH has recommended a ceiling of 5 ppm (40 mg/m3 ) for 1,2,4trichlorobenzene (ACGIH. 1982). and NIOSH class1fied it as a Group III
pesticide.

Group III pest1c1des are less toxic than Group II pest1cides and

the recommended cri ter1a for workplace standards are less stringent than
those

recommended for

Group

II

pesticides

(NIOSH,

1978).

The British

Journal of Industrial Medicine reported a provis1onal operational limit of
25 ppm for 1,2,4-trichlorobenzene (Verschueren, 1977). The 1971 TLV for
1,2.3-trichlorobenzene is 1.3 ppm [10 mg/m3 (n.s.i.)] for the USSR
(Verschueren. 1977).
Trichlorobenzenes have been designated by the ITC as TSCA Section 4(e)
priority chemicals (44 FR 70666).

Prel1minary Assessment Information Manu-

facturers Reports were to be submitted to the EPA Office of Toxic Substances
by November 19, 1982, for each of the trichlorobenzenes (40 CFR 712).
13.6.1.4.
occupational

TETRACHLOROBENZENES AND
workplace

standards

or

PENTACHLOROBENZENE -- There
recommended criteria for

are

no

standards,

United States or foreign, for the tetrachlorobenzenes or pentachlorobenzene.
These chlorobenzenes have been designated as TSCA Section 4(e) priority
chemicals (44 FR 70666).

Preliminary Assessment Information Manufacturers

Reports were required on 1,2,3,4-tetra-, 1,2,3,5-tetra- and 1,2,4,5-tetrachlorobenzene and pentachlorobenzene (40 CFR 712).
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13.6.1.5.

HEXACHLOROBENZENE -- Workplace

established in the United States.

standards

have

not

been

The USSR has establ1shed a TLV of 0.08

3

ppm (0.9 mg/m ) (Verschueren, 1977).

NIOSH classified hexachlorobenzene

as a Group II pesticide and reconmended criteria for standards (NIOSH, 1978).
13.6.2.

Transportation

Regulations.

The

Department

of

Transportation

(DOT), the Coast Guard and the Departments of Conmerce and Energy regulate,
in varying degrees, the transport of the chlorinated benzenes.
All

of

the chlorinated benzenes are regulated under

the Hazardous

Material Transportation Act (HHTA) as amended by the Comprehensive Environmental Response Compensation and Liability Act (CERCLA), 1.e.,
Act (49 CFR 172.101, 46 FR 17738).

11

Superfund 11

The HMTA, administered by DOT, specifies

the requirements to be observed in the preparation for interstate shipment
and transport of hazardous materials

(46 CFR 171-179).

CERCLA further

classified the chlorinated benzenes as hazardous substances and provides
that conmon carriers of hazardous substances may be held liable for releases
of hazardous substances in amounts equal to or greater than the reportable
quantity (RQ).

The RQs for mono-, 1,2-di- or 1,4-dichlorobenzene are set at

100 pounds (45.4 kg) (49 CFR 172.101).

RQs for the remaining chlorinated

benzenes have been set at l pound pending establishment of different RQs by
EPA (46 CFR 17738).
DOT has designated monochlorobenzene as a flanmable liquid.

The maximum

net quantity permitted in one package for transport by passenger carrying
aircraft or railcar has been set at l quart, while the maximum net quantity
for cargo aircraft has been set at 10 gallons/package (49 CFR 172.101).
The U.S. Coast Guard regulates the transport of hazardous materials
while aboard vessels.

Title 46, Part 150, specifies the compatibility of

cargoes and operating requirements for bulk liquid hazardous waste cargoes;
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'.e., monochlorobenzene, d1ch1orobenzene (no 1somer specH1ed) and 1,2,4trichlorobenzene
procedures

for

(46 CFR 150).

Part 153 prescribes

self-propelled vessels

the

carrying hazardous

mono- and dichlorobenzene (no isomer specHied)

safe handl1ng
liqu1ds;

(46 CFR 153).

i.e.,

Part 151

details the minimum requirements for unmanned tank barges carrying bulk
dangerous cargoes; i.e., monochlorobenzene (46 CFR 151).
The international transport of hazardous materials is regulated by the
International Maritime Dangerous Goods Code (IHCO) and administered by DOT
in this country.

Mono-, 1,2-di- and 1,4-dichlorobenzene are regulated under

the IHCO code (46 FR 29392, 49 CFR 172.102).
The export of the chlorobenzenes (i.e .• mono-. 1.2-di-. 1,4-di. 1.2,3tri-. 1,2.4-tri- and hexachlorobenzene) is regulated by the DOT via the
departments

the Commodity Control

use of

List

(15 CFR 399).

The DOE

regulates the import of on and petrochemicals, and mono-. di- and tetrachlorobenzene (no isomers specified) are classified as petrochemicals under
the authority of the Oil Import Regulations (10 CFR 213).
13.6.3.

Solid Waste Regulations.

Under the Solid Waste Disposal Act as

amended by the Resources Conservation and Recovery Act (RCRA). EPA has
designated mono-.

1,2-di-,

hexachlorobenzene as

1,3-di-.

1.4-di-.

hazardous wastes

1,2,4,5-tetra-.

(40 CFR 261.33);

penta- and

subject

to the

disposal and permit regulations of Title 40 Code of Federal Regulations,
Parts 262-265 and Parts 122-124 (40 CFR 261).

All of the chlorinated

benzenes are designated as hazardous constituents of hazardous wastes from
specific sources subject

to RCRA disposal

regulations

(40 CFR 261.32).

Table 13-21 shows these specific wastes in relation to the chlorinated
benzenes.

Honochlorobenzene and 1,2-dichlorobenzene, as spent halogenated

solvents. and their still bottoms from the recovery of these solvents, are
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TABLE 13-21
The Chlorinated Benzenes as Constituents
of Hazardous Wastes from Specific Sources*

EPA Hazardous
Waste No.

Hazardous Waste

Hazard
Constituent

K015

Sti~l bottoms from the distillation
of benzyl chloride

Monochlorobenzene

K016

Heavy ends or distillation residues
from the production of carbon
tetrachloride

Hexachlorobenzene

K018

Heavy ends from the fractionation
column in ethyl chloride production

Hexachlorobenzene

K030

Column bottoms or heavy ends from
the combined production of trichloroethylene and perchloroethylene

Hexachlorobenzene

K042

Heavy ends or distillation residues
from the distillations of tetrachlorobenzene in the production of
the 2,3,5- isomer

1,2-Dichloro- and
hexachlorobenzene

KOBS

Distillation or fractionation column
bottoms from the production of
chlorobenzene

Dichlorobenzenes,
trichlorobenzenes,
tetrachlorobenzenes,
pentachlorobenzene,
hexachlorobenzene

Kl OS

Separated aqueous stream from the
reactor product washing step in the
production of chlorobenzene

Monochlorobenzene,
dichlorobenzenes

*Source:

40 CFR 261.32
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also regulated for disposal under RCRA (Hazardous Waste No. F002) provided
that the combined concentrations of the spent solvent in the resulting
mixture is no greater than 25 ppm (46 FR 56582, 40 CFR 261.31).
13.6.4.

Food Tolerances.

Food tolerances have been established for mono-

chlorobenzene and hexachlorobenzene.
13.6.4.1.

MONOCHLOROBENZENE -- Honochlorobenzene is exempted from the

requirement of a tolerance when used in accordance with good agricultural
practices as an ingredient in pesticide formulation applied to growing crops
only.

Permitted uses are as a solvent or cosolvent 1f monochlorobenzene

contains not more than 1% impurities.

Under FIFRA, use of monochlorobenzene

is prohibited after edible parts of plants begin to form.

The grazing of

livestock in treated areas is prohibited within 48 hours after application
[40 CFR 180.lOOl(d)].
The FDA permits the use of polysulfone resins and polycarbonate resins
as articles or components of articles for use in producing or holding food.
These resins are permitted

residual

solvent

177.2500).

in

to contain 500 ppm of monochlorobenzene as a

finished

(basic)

Monochlorobenzene as

resin

(21

CFR

177.1580,

a component of adhesives

used

21

CfR

in the

packaging of food is also regulated by FDA (21 CfR 175.105).
13.6.4.2.

HEXACHLOROBENZENE -- USDA regulates

the use of hexachloro-

benzene as a seed treatment for the control of wheat bunt (smut) under the
federal Seed Act (7 CFR 201).
13.6.5.

Water

Regulations.

Under

Section

3ll(b)(2)(A)

of

the

federal

Water Pollution Control Act, EPA designated monochlorobenzene, dichlorobenzene

(no isomer specified), 1,2-di- and 1,4-dichlorobenzene as hazardous

substances (40 CFR 116.4) and established an RQ of 100 pounds (45.4 kg) for
these chlorinated· benzenes (40 CFR 117.3).
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Discharges equal to or greater

than the RQ 1nto or upon Un1 ted States waters are proh1bi ted unless the
d1scharge is in compl1ance with appl1cable permit programs (40 CFR 117.ll).
Under the Clean Water Act, Section 307(a), EPA has designated chlorinated

benzenes

(other

than

dichlorobenzene)

and

dichlorobenzenes

(all

isomers) as toxic pollutants, 1.e., pr1or1ty pollutants (40 CFR 401.15).
Effluent limHation guidelines, new source performance standards. and pretreatment standards have been developed or w1ll be developed for the· pr1or1ty pollutants for 21 major industries.

SpecHic definHions for classes

and categories are set forth in 40 CFR, Parts 402 through 699.
Under the Clean Water Act, Ambient Water QualHy CrHeria for chlorinated benzenes have been developed (U.S. EPA. 1980a,b).
ized in Tables 13-22 and 13-23.

These are summar-

The USSR in 1971 established a drinking

water standard for monochlorobenzene of 0.02 mg/1, and an organoleptic
limit

for

1,2-di- and

l,4-dichlorobenzene

has

been

set at

0.002 mg/1

Ambient air qualHy standards for

the chlori-

(Verschueren. 1977).
13.6.6.

A1r Regulat1ons.

nated benzenes have not been established in the UnHed States.
il1lll1ssion concentration

(HIC)

and

maximum emission

concentration

Max1mum
(MEC)

standards have been establ1shed in several European countries for monochlorobenzene. 1,2- and l,4-d1chlorobenzene.
Maximum elllTlission concentration standards; i.e., ambient air qual1ty
standards, are used for calculat1ng the minimum stack he1ghts permHted by
law.

Dispersion of emHted compounds must be such that the addition of

these compounds

to ground

level

concentrat1ons does not result in the

ambient air quality standard being exceeded more frequently than the allowed
percentage.

The HEC is the maximum concentration of a spec1fic pollutant in

emitted gases.

HECs are derived from ambient air quality standards by

taking into account the dispersion phenomena (Verschueren. 1977).
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TABLE 13-22
Ambient Water Quality Criteria
for Chlorinated Benzenes--Aquatic Lifea

Chlorinated
Benzenesb

Oichlorobenzenes

Freshwater aquatic life
Acute toxicity
Chronic toxicity

250 pg/t.C
__ d,e

1120 pg/!l.C
763 pg/!l.C

Saltwater aquatic life
Acute toxicity
Chronic toxicity

160 pg/tC
129 pg/tC

1970
__ d pg/!l.C

Aquatic Life

asource:

U.S. EPA. l980a.b

brncludes all of the chlorinated benzenes except the dichlorobenzenes
croxicity would occur at lower concentrations among species that are more
sensitive than those tested.
dNo data available
eroxicity occurs at concentrations as
exposed for 7.5 days.
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low as 50 µg/1 for

fish

species

TABLE 13-23
Amb1ent Water Qua11ty Crlter1a for the
Chlor1nated Benzenes for the Protect1on of Human Healtha
From Toxic Properties
Ingested Through:
Compound

Water and
Contam1nated
Aquat1c Organisms

Contam1nated
Aquat1c
Organisms Alone

Monochlorobenzene
D1chlorobenzenes
......
<..)

I

Tr1chlorobenzenes

400 µg/i.
__ c

Based on
Avanable:
Tox1cHy
Data

Organoleptic
Data

488 µg/2.

20 µg/!lb

From the
Potent1al:
Carc1nogen1c
Effects

2.6 mg/1
__ c

U"I

co

1,2,4,5-Tetrachlorobenzene

38 µg/2.

48 µg/2.

Pentachlorobenzene

74 µg/2.

85 µgill

Hexachlorobenzene
asource:

od

U.S. EPA, 1980a,b

borganolept1c data as a bash for establ1sh1ng a water qualHy crHer1a have 11mHat1ons and have no
demonstrated relat1onsh1p to potent1al adverse human health effects.
cDue to 1nsuffic1ent data, a criter1on was not derived.
daased on the nonthreshold assumpt1on, however, a zero level may not be attainable at the present time
and, therefore, levels that may result 1n 1ncremental 1ncreases of cancer r1sk of the 11fet1me were estimated at 10- 5 , 10- 6 and 10- 7 • The correspond1ng reconvnended cr1ter1a are 7.2 ng/2., 0.72 ng/!l
and 0.072 ng/!l, respect1vely; H est1mates are for consumpt1on of aquat1c organ1sms only, the levels
are 7.4 ng/!l, 0.74 ng/!l and 0.074 ng/l.

13.6.6.l.

MONOCHLOROBENZE~E

-- Ambient

air

quality

standards

for

monochlorobenzene have been established in five countries and are shown in
Table 13-24.

In addition, MEC limits have been established in the federal

Republic of Germany; should emissions exceed 3 kg/hour, then a concentration
of 150 mg/m 3 cannot be exceeded (Verschueren, 1977).
13.6.6.2.
for

1,2- and

DICHLOROBENZENES
1,4-dichlorobenzene

Republic of Germany.
for

Maximum
have

emission
been

concentration

established

in

the

limits
federal

The MEC limits set were the same as those established

monochlorobenzene:

150

mg/m 3

(Verschueren, 1977).
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if

emissions

are

>3

kg/hour

TABLE 13-24
Maximum Immission Concentration Standards for Honochlorobenzene*

MIC1

MI Cs
Country
mg/m3

ppm

Average
nme

mg/m3

ppm

Average
nme

USSR

o. 100

20 min

0. 100

24 hr

German Democratic
Republic

0.3

30 min

0. l

24 hr

Bulgaria

0.1

0.02

20 min

0.1

0.02

24 hr

15.0

3.0

30 m1n

5.0

l.O

30 min

0.1

0.02

30 m1n

0. l

0.02

24 hr

Federal Republic of
Germany-VDI (Assoc.
of German Engineers)
Yugoslavia
*Source:

Verschueren, 1977
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APPENDIX A
Compar1son Among D1fferent Extrapolat1on Models

Four models used for low-dose extrapolat1on, assum1ng the 1ndependent
background. are:
Multistage:

P(d) = l - exp [-(qid

+ ••• +

qkd k )]

where qi are non-negat1ve parameters.
P(d) = I

Probit:

A + B ln(d)
f (x) dx
- m

where f(.) is the standard normal probab1lity dens1ty funct1on.
P(d) = l - exp [-bdk]

Weibull:

where b and k are non-negat1ve paramters.
One-hit:

P(d)

=

l - exp [-bd]

where b is a non-negative parameter.
The

maximum

multistage and

likelihood

estimates

(MLE)

one-hit models are calculated

of

the

parameters

by means

GLOBAL82, which was developed by Howe and Crump (1982).

of

the

in

the

program

The MLE estimates

of the parameters in the probit and Weibull models are calculated by means
of the program RISK81, which was developed by Kovar and Krewski (1981).
Table A-1 presents the MLE of parameters in each of the four models.

A-1

TABLE A-1
Max1mum L1kel1hood Est1mate of the Carc1nogen1c R1sk for HCB Us1ng the Four Extrapolat1on Models
Based on Hepatocellular Carc1nomas 1n Female Rats*
(mg/kg/day)

Bas1s of Interspec1es
Extrapolat1on
>I

Body we1ghts

N

Body surf ace area

Mult1stage

q1 = 2.20 x 10- 1

A = -1.35

b

=

Q2 = 5.01 x 10- 5

B

= 1.12

k

= 1.00

Ql = 1. 35

Q2
*Source: Lambrecht, 1983

We1bull

ProbH

=

1.90 x 10- 3

b =

B =:. 1.12

2.20 x

1. 35

k = 1. 00

One-h1t

10-1

b = 2.20 x 10- 1

b

= 1. 35

