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FOREWORD

The Superfund Amendments and Reauthorization Act (SARA) of 1986
(Public Law 99-499) extended and amended the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).
This public law directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous
substances which are most commonly found at facilities on the CERCLA
National Priorities List and which pose the most significant potential
threat to human health, as determined by ATSDR and the Environmental
Protection Agency (EPA). The lists of the 250 most significant hazardous
substances were published in the Federal Register on April 17, 1987, on
October 20, 1988, on October 26, 1989, and on October 17, 1990.

Section 104(i)(3) of CERCLA, as amended, directs the Administrator of
ATSDR to prepare a toxicological profile for each substance on the list.
Each profile must include the following content: '

(A) An examination, summary, and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute, subacute,
and chronic health effects,

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, and chronic
health effects, and

(C) Where appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with guidelines
developed by ATSDR and EPA. The original guidelines were published in the
Federal Register on April 17, 1987. Each profile will be revised and
republished as necessary, but no less often than every three years, as
required by CERCLA, as amended.

The ATSDR toxicological profile is intended to characterize succinctly
the toxicological and adverse health effects information for the hazardous
substance being described. Each profile identifies and reviews the key
literature (that has been peer-reviewed) that describes a hazardous
substance’'s toxicological properties. Other pertinent literature is also
presented but described in less detail than the key studies. The profile
is not intended to be an exhaustive document; however, more comprehensive
sources of specialty information are referenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance’s relevant
toxicological properties. Following the public health statement is
information concerning significant health effects associated with exposure
to the substance. The adequacy of information to determine a substance's
health effects is described. Data needs that are of significance to
protection of public health will be identified by ATSDR, the National
Toxicology Program (NTP) of the Public Health Service, and EPA. The focus
of the profiles is on health and toxicological information; therefore, we
have included this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested private
sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been reviewed
by scientists from ATSDR, the Centers for Disease Control, the NTP, and
other federal agencies. It -has also been reviewed by a panel of
nongovernment peer reviewers and is being made available for public
review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR.

(Olugim L

William L. Roper, .

Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statement was prepared to give you information about
chl orobenzene and to enphasi ze the human health effects that nmay result
fromexposure to it. The Environnmental Protection Agency (EPA) has
identified 1,177 sites on its National Priorities List (NPL).
Chl or obenzene has been found at 97 of these sites. However, we do not
know how many of the 1,177 NPL sites have been eval uated for
chl orobenzene. As EPA eval uates nore sites, the nunber of sites at
whi ch chl orobenzene is found may change. The infornation is inportant
for you because chl orobenzene may cause harnful health effects and
because these sites are potential or actual sources of human exposure to
chl or obenzene.

When a chemical is released froma |large area, such as an
i ndustrial plant, or froma container, such as a drumor bottle, it
enters the environnent as a chemcal em ssion. This em ssion, which is
al so called a rel ease, does not always |lead to exposure. You can be
exposed to a chemical only when you come into contact with the chenical
You may be exposed to it in the environnent by breathing, eating, or
dri nki ng substances containing the chem cal or fromskin contact with
it.

If you are exposed to a hazardous substance such as chl orobenzene,
several factors will determ ne whether harnful health effects will occur
and what the type and severity of those health effects will be. These
factors include the dose (how much), the duration (how long), the route
or pathway by which you are exposed (breathing, eating, drinking, or
skin contact), the other chem cals to which you are exposed, and your
i ndi vidual characteristics such as age, sex, nutritional status, famly
traits, life style, and state of health.

1. 1WHAT | S CHLOROBENZENE?

Chl or obenzene is a colorless liquid with an al nond-1i ke odor. The
compound does not occur widely in nature, but is manufactured for use as
a solvent (a substance used to dissolve other substances) and is used in
t he production of other chenicals. Chlorobenzene persists in soi
(several nonths), in air (3.5 days), and water (less than 1 day).
Additional information can be found in Chapters 3, 4, and 5.

1.2 HOWM GHT | BE EXPOSED TO CHLOROBENZENE?

There is potential for humans to be exposed to chl orobenzene by
breat hing contanmi nated air, by drinking water or eating food



2
1. PUBLI C HEALTH STATEMENT

contam nated with chl orobenzene, or by getting chl orobenzene-
contam nated soil on the skin. These exposures are nost |likely to occur
in the workplace or in the vicinity of chem cal waste sites.

Occupational exposure occurs primarily through breathing the
chem cal . Personnel engaged in the production and handling of
chl or obenzene woul d be at greatest risk. Levels of chlorobenzene in the
air at several industrial sites during normal operations were found to
be bel ow al | owabl e federal standards.

Exposure in humans could occur in persons living or working in the
vicinity of hazardous waste sites if emissions to water, air, and soi
are not adequately controlled. Chlorobenzene has been found at 97 out
of 1,177 NPL hazardous waste sites in the United States. Thus, federal
and state surveys suggest that chl orobenzene is not a w despread
envi ronment al contami nant. The chemnical has not been detected in
surface water, although a few ground water systens have been found with
chl or obenzene levels in the parts per billion (ppb) range. Background
| evel s of less than 1 ppb were detected in air sanples from urban and
suburban areas. No information of the occurrence of chl orobenzene in
food has been found. Additional information on the potential for human
exposure is presented in Chapter 5.

1.3 HOW CAN CHLOROBENZENE ENTER AND LEAVE MY BCDY?

Chl orobenzene enters your body when you breathe in air containing
it, when you drink water or eat food containing it, or when it cones in
contact with your skin. Human exposure to contam nated water could
occur near hazardous waste sites where chl orobenzene is present.

Si gni fi cant exposure to chl orobenzene is not expected to occur by
getting chl orobenzene contam nated soil on your skin. Wen

chl orobenzene enters your body, nost of it is expelled fromyour |ungs
in the air we breathe out and in urine. Additional information is
presented in Chapter 2.

1.4 HOW CAN CHLOROBENZENE AFFECT MY HEALTH?

Wor kers exposed to high | evels of chlorobenzene conpl ai ned of
headaches, nunmbness, sl eepi ness, nausea, and vomiting. However, it is
not known if chl orobenzene al one was responsible for these health
effects since the workers may have al so been exposed to other chenicals
at the same tine. MId to severe depression of functions of parts of
t he nervous systemis a common response to exposure to a wide variety of
i ndustrial solvents (a substance that dissolves other substances).

In ani mal s, exposure to high concentrations of chlorobenzene
affects the brain, liver, and kidneys. Unconsci ousness, trenors and
restl essness have been observed. The chenical can cause severe injury
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to the liver and kidneys. Data indicate that chl orobenzene does not

af fect reproduction or cause birth defects. Studies in animals have
shown t hat chl orobenzene can produce |iver nodul es, providing sonme but
not clear evidence of cancer risk. Additional information on health
effects is presented in Chapter 2.

1.5 WHAT LEVELS OF EXPOSURE HAVE RESULTED I N HARMFUL HEALTH EFFECTS?

Harm to human health from breathing, eating or drinking
chl or obenzene is not established (Tables I-1 and 1-3). Tables |I-2 and
| -4 show the relationship between exposure to chl orobenzene and known
health effects in aninals. A Mnimal Risk Level (MRL) is included in
Table 1-3. The MRL was derived fromaninal data for |ong-term exposure,
as described in Chapter 2 and in Table 2-2. The MRL provi des a basis
for conparison with | evels that people mght encounter either in the air
or in food or drinking water. If a person is exposed to chl orobenzene
at an amount below the MRL, it is not expected that harnful (noncancer)
health effects will occur. Because this level is based only on
information currently available, some uncertainty is always associ ated
with it. A so, because the nethod for deriving MRLs does not use any
i nformati on about cancer, a MRL does not inply anything about the
presence, absence, or level of risk for cancer. Further information on
the | evel s of chlorobenzene that have been observed to cause health
effects in aninals is presented in Chapter 2.

1.6 |S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED TO
CHLOROBENZENE?

Exposure to chl orobenzene can be determ ned by neasuring the
chem cal or its netabolite in urine, exhaled air, blood, and body fat.
Tests are not routinely available at the doctor's office. Specific
tests are available that can determne if exposure is currently
occurring or has occurred very recently, but not whether exposure
occurred in the past. Further, levels in the various nedia stated above
do not predict adverse health effects. Additional information on how
chl or obenzene can be nmeasured in exposed humans is given in Chapters 2
and 6.
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TABLE 1-1. Human Health Effects from Breathing Chlorobenzene®

Short-term Exposure
(less than or equal to 14 days)

Levels in Air Length of Exposure Description of Effects

The health effects result-
ing from short-term
exposure of humans to
air containing specific
levels of chlorobenzene
are not known.

Long-term Exposure
(greater than 14 days)

Levels in Air Length of Exposure Description of Effects

The health effects result-
ing from long-term
exposure of humans to
air containing specific
levels of chlorobenzene
are not known.

*See Section 1.2 for a discussion of exposures encountered in daily life.
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TABLE 1-2. Animal Health Effects from Breathing Chlorobenzene

Short-term Exposure
(less than or equal to 14 days)

Levels in Air (ppm) Length of Exposure Description of Effects*

537 2 hours Death in rabbits.

Long-term Exposure
(greater than 14 days)

Levels in Air (ppm) Length of Exposure Description of Effects*

75 24 weeks Liver and kidney damage
in rats and rabbits.

*These effects are listed at the lowest level at which they were first
observed. They may also be seen at higher levels.




6

1. PUBLIC HEALTH STATEMENT

TABLE 1-3. Human Health Effects from Eating or Drinking Chlorobenzene

Short-term Exposure

(less than or equal to 14 days)

Levels in Food Length of Exposure Description of Effects

Levels in Water

The health effects result-

The health effects result-

ing from short-term
exposure of humans to
food containing specific
levels of chlorobenzene
are not known.

ing from short-term
exposure of humans to
water containing specifiq
levels of chlorobenzene
are not known.

Long-term Exposure
(greater than 14 days)

lLevels in Water

Levels in Food (ppm) Length of Exposure Description of Effects
15 91 days Minimal Risk Level (based

The health effects result-

on animal studies; see
Section 1.5 for discus-
sion).

ing from long-term
exposure of animals to
water containing specifid
levels of chlorobenzene
are not known.
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TABLE 1-4. Animal Health Effects from Eating or Drinking Chlorobenzene

Short-term Exposure

(less than or equal to 14 days)

Levels in Food (ppm)

Length of Exposure

7,692 - 20,000

Levels in Water

1-14 days

Description of Effects*

Death in mice and rats.

The health effects of
short-term exposure of
animals to water con-
taining specific levels
of chlorobenzene are
not known.

Long-term Exposure
(greater than 14 days)

Levels in Food (ppm)

Length of Exposure

1,923 - 5,000

1,923
1,923

Levels in Water

91 days

13 weeks

13 weeks

Description of Effects*

Liver and kidney damage
in mice. Liver injury
rats.

Injury to organs of the
immune system in mice.

Death in mice.

The health effects result-
ing from long-term
exposure of animals to
water containing specifid
levels of chlorobenzene
are not known.

*These effects are listed at the lowest level at which they were first
observed. They may also be seen at higher levels.
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1.7 VHAT RECOVMENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUVAN
HEALTH?

The Federal Governnent has devel oped regul atory standards and
advi sories to protect individuals frompotential health effects of
chol orobenzene in the environnent. The Environnental Protection Agency
has proposed that the maxi mum | evel of chlorobenzene in drinking water
be 0.1 parts per mllion (ppm. For short-term exposures to drinking
wat er, EPA has recomrended that drinking water |evels not exceed 2 ppm
for up to ten days. The Cccupational Safety and Health Administration
(OSHA) has established a legally enforceable minimumlint of 75 ppm of
chl or obenzene in workplace air for an 8 hour/day, 40-hour work week.
Addi tional information regarding federal and state regulations is
presented in Chapter 7.

1.8 WHERE CAN | GET MORE | NFORVATI ON?

If you have any nore questions or concerns not covered here, please
contact your State Health or Environnmental Departnent or:

Agency for Toxic Substance and Di sease Registry
Di vi si on of Toxi col ogy

1600 difton Road, E-29

Atl anta, Georgia 30333

Thi s agency can al so give you information on the |ocation of the
nearest occupational and environmental health clinics. Such clinics
speci alize in recognizing, evaluating, and treating illnesses that
result from exposure to hazardous substances.
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2. HEALTH EFFECTS
2.1 I NTRODUCTI ON

Thi s chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
chl or obenzene. Its purpose is to present |levels of significant exposure
for chl orobenzene based on toxicol ogi cal studies, epidemnologica
i nvestigations, and environnental exposure data. This information is
presented to provide public health officials, physicians, toxicologists,
and other interested individuals and groups with (1) an overal
perspective of the toxicology of chlorobenzene and (2) a depiction of
significant exposure |levels associated with various adverse health
ef fects.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons
l'iving or working near hazardous waste sites, the data in this section
are organi zed first by route of exposure -- inhalation, oral, and
dermal -- and then by health effect -- death, system c, inmmunol ogical,
neur ol ogi cal, devel opnental, reproductive, genotoxic, and carci nogenic
effects. These data are discussed in terns of three exposure periods --
acute, internediate, and chronic.

Level s of significant exposure for each exposure route and duration
(for which data exist) are presented in tables and illustrated in
figures. The points in the figures show ng no-observed-adverse-effect
| evel s (NQAELs) or | owest-observed-adverse-effect |evels (LOAELS)
reflect the actual doses (levels of exposure) used in the studies.
LOAELS have been classified into "less serious” or "serious" effects.
These distinctions are intended to help the users of the docunent
identify the | evels of exposure at which adverse health effects start to
appear, determ ne whether or not the intensity of the effects varies
with dose and/or duration, and place into perspective the possible
significance of these effects to hunan health.

The significance of the exposure | evels shown on the tables and
graphs may differ depending on the user's perspective. For exanple,
physi ci ans concerned with the interpretation of clinical findings in
exposed persons or with the identification of persons with the potenti al
to devel op such di sease may be interested in | evels of exposure
associated with "serious effects”. Public health officials and project
managers concerned with response actions at Superfund sites nmay want
information on | evel s of exposure associated with nore subtle effects in
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humans or animals (LOAELs) or exposure |levels bel ow which no adverse
effects (NOAELs) have been observed. Estinates of |evels posing mnim
risk to humans (mnimal risk levels, MRLsS) are of interest to health
professionals and citizens alike.

Esti mates of exposure |l evels posing minimal risk to humans (MRLS)
have been nade, where data were believed reliable, for the nost
sensitive noncancer end point for each exposure duration. MRLs include
adjustments to reflect human variability and, where appropriate, the
uncertainty of extrapolating fromlaboratory animal data to humans.

Al t hough net hods have been established to derive these | evels (Barnes
et al. 1987; EPA 1989a), uncertainties are associated with the
t echni ques.

2.2.1 Inhal ation Exposure
2.2.1.1 Death

No studies were located regarding lethality in hunans foll ow ng
i nhal ati on exposure to chl orobenzene.

The acute lethality of chlorobenzene is relatively low in aninmals.
Exposure to concentrations of 20 ng/L (4,300 ppn) for 2 hours resulted
in 100% nnortality in nice (Rozenbaumet al. 1947). Rabbits died 2 weeks
after chl orobenzene exposure to concentrations of about 537 ppm
(Rozenbaum et al. 1947).

The hi ghest NOAEL values and all reliable LOAEL values for death in
each species and duration category are recorded in Table 2-1 and plotted
in Figure 2-1.

2.2.1.2 Systemc Effects

No studies were located regarding effects on the respiratory,
cardi ovascul ar, gastrointestinal, hematol ogi cal, mnuscul oskel et al
hepatic, renal, and dernal/ocul ar systems in humans foll ow ng inhal ation
exposure to chl orobenzene.

As shown in Table 2-1 and Figure 2-1, aninmal studies indicate that
chl or obenzene induces injury to the liver and kidneys foll ow ng
i ntermedi ate and chronic inhal ati on exposures.



TABLE 2-1. Lewvels of Significant Exposure to Chlorobenzene -~ Inhalation

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Duration Effect (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rabbit 2 hr 5372 Rozenbaum 1947
2 Mouse 2 hr 4300 Rozenbaum 1947
Developmental
3 Rat 10 d 590 John et al. 1984
Gd6-15
6hr/d
4 Rabbit 13 d 590 John et al. 1984
Gd6-18
6hr/d
INTERMEDIATE EXPOSURE
Systemic
5 Rat 120 d Renal 752 (micro. lesions) Dilley 1977
5d/wk
7hr/d
6 Rat 120 4 Hepatic 752 (decr. SGOT) Dilley 1977
5d/wk
7hr/d
7 Rabbit 120 d Hepatic 753 (decr. LDH) Dilley 1977
5d/wk

7hr/d
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TABLE 2-1 (Continued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Duration Effect (ppm) (ppm) (ppm) Reference
CHRONIC EXPOSURE
Systemic
8 Rat 2 gen Hepatic 50 150 (hypertrophy) Nair et al. 1987
7d/wk
6hr/d
9 Rat 2 gen Renal 50 150 (micro. changes) Nair et al. 1987
7d/wk
6hr/d
Reproductive
10 Rat 2 gen 450 Nair et al. 1987
7d/wk
6hr/d
2Presented in Table 1-2.
LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; ppm = parts per million; hr = hour;
LC100 = lethal concentration, 100% animals exposed; d = day: Gd = gestation day; wk = week; decr = decrease; SGOT = serum

glutamic oxaloacetic transaminase; micro = microscopic; LDH = lactate dehydrogenase; gen = generation

4
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FIGURE 2-1. Levels of Significant Exposure to Chlorobenzene — Inhalation
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Hemat ol ogi cal . Based on a small nunber of studies, chlorobenzene
may cause hemat ol ogi cal changes. There were dose and tine-rel ated
effects on red blood cell paraneters, primarily an increase in
reticul ocyte count which increased in rats but not in rabbits exposed to
vapors of chl orobenzene at concentrations > 75 ppmfor 24 weeks (Dilley
1977). Ot her hematol ogi cal paraneters (red blood cell count,
henogl obi ns, hematocrit, and white blood cell count) were variabl e and
were conparable to controls at the end of the test. Slight |eukopenia
and | ynphocytosis occurred in mce exposed to chl orobenzene (0.1 ng/L)
for 3 nonths (Zub 1978). In the absence of nore detail ed experinental
data and informati on on conpound purity, it is not certain if the
effects in mce were conpound-rel ated. Further, these effects have not
been confirmed at conparabl e doses in other species. Thus, it appears
t hat henmatol ogi cal effects nmay not be sensitive indicators of
chl or obenzene toxicity.

Hepatic Effects. No data were found that severe liver damage
results fromacute exposure to chl orobenzene vapor. Treatnent-rel ated
congestion of the liver was observed in nmale rats and to a | esser degree
in mal e rabbits exposed for 24 weeks to > 75 ppm (Dilley 1977). Foca
henorrhages and foci of perivascul ar |ynphocytes were observed.
Decreased | evel s of serum enzynes (| actate dehydrogenase [LDH and serum
gl ut am c- oxal oaceti c transani nase [ SGOT]) were observed at the end of
the treatnent period; the significance of this response is not clear.
Nair et al. (1987) reported liver hypertrophy and increased |iver
weights in male rats exposed to chl orobenzene vapors daily at 150 and
450 ppm for two generations. Overall, data suggest liver toxicity may
be an area of concern for chl orobenzene exposure in humans.

The hi ghest NOAEL val ues and all reliable LOAEL val ues for liver
toxicity in each species and duration category are recorded in Table 2-I
and plotted in Figure 2-1.

Renal Effects. A small nunber of studies denonstrates that the
ki dney is also a target organ follow ng chl orobenzene exposure and t hat
the effects occur at levels conparable to those causing liver effects.
Nair et al. (1987) reported tubular dilatation with eosinophilic
material, interstitial nephritis and foci of regenerative epitheliumin
mal e rats exposed to vapors of chlorobenzene at 150 and 450 ppm for two
generations. There was al so treatnent-rel ated congesti on of the kidneys
in rabbits exposed to chl orobenzene at concentrations 275 ppmin
animal s sacrificed at 5 weeks of a 24 week treatnent period (Dilley
1977). Interstitial foci of |ynphocytes were evident. Overall, data
suggest that this effect may al so be an area of concern for
chl or obenzene exposure in humans.
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The hi ghest NOAEL val ues and all reliable LOAEL val ues for rena
toxicity in each species and duration category are recorded in Table 2-1
and plotted in Figure 2-1.

2.2.1.3 Imunol ogi cal Effects

No studies were |ocated regarding the i mmunol ogical effects in
humans or aninals follow ng inhal ati on exposure to chl orobenzene.

2.2.1.4 Neur ol ogi cal Effects

Chl or obenzene affects the central nervous system Hunmans
occupational |y exposed to chl orobenzene intermittently for up to 2 years at
| evel s above current federal limts displayed signs of neurotoxicity
i ncl udi ng nunbness, cyanosis (from depression of respiratory center),
hyper est hesi a, and nuscl e spasns (Rozenbaum et al. 1947). Specific
exposure | evels and hi st opat hol ogi ¢ data have not been provided.

Neur ol ogi cal effects of chl orobenzene have al so been reported in
animal s follow ng inhalation. Acute inhalation exposure produced rnuscle
spasns foll owed by narcosis in rabbits exposed to 5 ng/L chl orobenzene
(1,090 ppm or greater for 2 hours (Rozenbaumet al. 1947).

2.2.1.5 Devel opnmental Effects

No studies were |ocated regardi ng devel opnental effects in humans
foll owi ng i nhal ati on exposure to chl orobenzene.

In rats and rabbits, inhalation of chlorobenzene vapors at
concentrations up to 590 ppm during periods of major organogenesis did
not produce structural nalformations (John et al. 1984). This val ue has
been presented in Table 2-1 and plotted in Figure 2-1. The highest dose
resulted in maternal toxicity, as indicated by elevation of liver
wei ghts (both species) and decreased food consunpti on and body wei ght
gain (rats only).

2.2.1.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in humans
foll owi ng i nhal ati on exposure to chl orobenzene.

In a two-generation study in rats, chlorobenzene in concentrations
up to 450 ppmdid not adversely affect reproductive performance or
fertility (Nair et al. 1987). This val ue has been presented in
Table 2-1 and plotted in Figure 2-1. A slight increase was observed in
t he incidence of degenerative testicular changes (unilateral and
bilateral) in high-dose (450 ppm) males (F, and F generations) and the
F, m d-dose (150 ppm) males. The significance of this finding is
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uncl ear since the nmean nating, pregnancy, and nmale fertility indices for
both F, and F, generations were conparable for all groups and the
i nci dences of testicular |lesion were identical in F, and F, ani mals.

2.2.1.7 Genotoxic Effects

No studi es were | ocated regardi ng genotoxic effects in humans or
animal s follow ng inhalation exposure to chl orobenzene.

2.2.1.8 Cancer

No studi es were | ocated regarding carcinogenic effects in humans or
animal s follow ng inhalati on exposure to chl orobenzene.

2.2.2 Oal Exposure
2.2.2.1 Death

No studies were located regarding lethality in hunans foll ow ng
oral exposure to chl orobenzene.

Ani mal studies show that chl orobenzene is lethal foll owi ng acute,
i nternmedi ate, and chronic oral exposures. Death occurred within 2 to
3 days after a single exposure to 4,000 ng/kg in corn oil by gavage in
rats of both sexes, and in mce after a single exposure to 1,000 nyg/kg
(NTP 1985). Necropsy or histological exam nation was not perforned. In
a 14-day repeated-dose gavage study in rats, administration of
> 1,000 ng/ kg was lethal to all rats by the end of the study (NTP 1985).
Thi s dose has been converted to an equival ent concentration of
20,000 ppmin food for presentation in Table 1-4. Survival was reduced
in rats of both sexes exposed to >500 ny/kg/day and >250 ngy/ kg/day in
mce follow ng internmedi ate-duration exposure (NTP 1985). The dose of
250 ng/ kg/ day has been converted to an equi val ent concentration of
1,923 ppmin food for presentation in Table |-4. Cdinical signs of
toxicity were not observed in mce and rats but histopathol ogic
exam nation reveal ed dose-rel ated chem cal -i nduced changes to the |iver,
ki dney, bone marrow, spleen, and thynus. Liver and ki dney wei ghts
increased in mce and rats, while spleen weights decreased. In chronic
oral studies, male rat survival at 120 ng/kg (2,400 ppm) was
significantly | ower than that of vehicle controls (NTP 1985); however
no conpound-induced toxic |esions responsible for this reduction in
survi val were observed.
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The hi ghest NOAEL val ues and all reliable LOAEL val ues for death in
each species and duration category are recorded in Table 2-2 and plotted
in Figure 2-2.

2.2.2.2 Systemc Effects

No studies in humans were | ocated regarding the effects on the
respiratory, cardiovascul ar, gastrointestinal, hematol ogi cal
muscul oskel etal, hepatic, renal, and dernal/ocul ar systens foll ow ng
oral exposure to chl orobenzene. The foll owi ng sections describe effects
observed in ani nal s.

Hepatic Effects. Animal studies indicate that the liver is
susceptible to injury by chlorobenzene foll owi ng oral exposure. Typica
signs include: increased serumenzynes, altered |liver weights,
degeneration, necrosis, and interference with porphyrin netabolism In
acute studies (5 days), effects on porphyrin metabolism occurred at
1, 140 ny/ kg/ day by gavage (R m ngton and Ziegler 1963). Internediate
and | ong-term exposure studies in rats and mce reported organ wei ght
i ncreases at 100 (Hazl eton 1967) and 125 ny/ kg/day (NTP 1985), while
organ wei ght increases and nicroscopic |esions were detected at
> 250 ny/ kg/ day by the sanme route (NTP 1985). Focal hepatocytic
necrosi s and degenerative changes in the centril obul ar hepatocytes were
observed in nice. These effects were nost apparent in the >500 ng/kg
dose group in rats. The dose of 250 ng/kg/ day has been converted to
equi val ent concentrations of 1,923 ppm (in mce) and 5, 000 ppm (in rats)
in food for presentation in Table I-4. No effects were observed at
60 ng/ kg/ day. Based on this value, an internediate oral ML of
0.4 mg/ kg/ day was cal cul ated as described in the footnote in Table 2-2.
This MRL has been converted to an equival ent concentration in food
(15 ppn) for presentation in Table 1-3.

Renal Effects. Aninmal studies denpnstrate that chl orobenzene can
cause injury to the kidney at doses comparable to those which cause
liver effects. In a 90-day study, degeneration or focal necrosis of the
proxi mal tubul es was observed at >250 ng/kg in mice and >500 ng/kg in
rats (NTP 1985). Repeated doses of >100 ng/kg/day for 90 to 99 days
(Hazl eton 1967) caused an increase in kidney weights.



TABLE 2-2.

Levels of Significant Exposure to Chlorobenzene - Oral

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat (G) 14 4 500 10002 NTP 1985
1x/d
2 Rat (G) 14 250 4000 NTP 1985
1x/d
3 Mouse (G) 14 d 500 NTP 1985
1x/d
4 Mouse Gy 14 1000P NTP 1985
1x/d
Systemic
5 Rat (G) 54 Hepatic 1140 (necrosis) Rimington and
Ziegler 1963
Neurological
6 Rat (G) 1d 4000 (prostration) NTP 1985
1x/d
7 Rat (G) 14 4 1000 (prostration) NTP 1985
1x/d
INTERMEDIATE EXPOSURE
Death
8 Rat (G) 91 d 250 NTP 1985
5d/wk
9 Mouse &) 91 4 125 NTP 1985
5d/wk
Systemic
10 Rat (G) 91 4 Hepatic 60¢ 250d (necrosis) NTP 1985
5d/wk serum enzymes)

¢
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TABLE 2-2 (Continued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mglkg/day) (mg/kg/day) Reference
11 Mouse (G) 91 4 Renal 125 250¢ (necrosis, NTP 1985
5d/wk tub. degen.)
12 Mouse G) 91 d Hepatic 60 125 {(incr. wt.) 250€ (necrosis, NTP 1985
5d/wk degeneration)
Immunological
13 Mouse (G) 91 d 250 (thymic necrosis, NTP 1985
5d/wk splenic depletion)
CHRONIC EXPOSURE
Death
14 Mouse G) 103 wk 120 NTP 1985
5d/wk
1x/d
Systemic
15 Rat G) 103 wk Hepatic 60 120 (necrosis) NTP 1985
5d/wk
1x/d

i

6T

SIDd4dd HLTVAH

3Converted to an equivalent concentration of 20,000 ppm in food for presentation in Table 1-4.

beonverted to an equivalent concentration of 7692 ppm in food for presentation in Table 1-4.

CUsed to derive intermediate oral MRL of 0.4 mg/kg/day; dose adjusted for intermittent exposure and divided by an uncertainty
factor of 100 (10 for extrapolation from animals to humans, and 10 for human variability). This MRL has been converted to an
equivalent concentration in food (15 ppm) for presentation in Table 1-3.

Converted to an equivalent concentration of 5000 ppm in food for presentation in Table 1-4.

€Converted to an equivalent concentration of 1923 ppm in food for presentation in Table 1-4.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; mg = milligram; kg = kilogram; (G) =
gavage; d = day; 1lx = one time; wk = week; incr = increase; wt = weight; tub = tubular; degen = degeneration.
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The hi ghest NOAEL values and all reliable LOAEL val ues for rena
effects in each species and duration category are recorded in Table 2-2
and plotted in Figure 2-2.

2.2.2.3 Imunol ogi cal Effects

No studi es were |ocated regardi ng i nmunol ogi cal effects in humans
foll owi ng oral exposure to chl orobenzene.

H stol ogical studies in nmice and rats suggest that chl orobenzene
has i munot oxi ¢ properties. M ce exposed to chl orobenzene at
>250 ng/ kg/ day by gavage for 13 weeks showed thymnic necrosis and
| ynphoi d or nyel oid depletion of bone marrow, spleen, or thymus (NTP
1985). Whil e hi stopat hol ogi ¢ evi dence suggests that chl orobenzene is
i mmunot oxi ¢, a NOAEL cannot be established in this study since i mune
function tests were not conducted. A LOAEL of 250 ny/kg/day was
determ ned (NTP 1985). This val ue has been presented in Table 2-2.
Since there are no human data on inmunotoxic effects and aninal data are
sparse, firmconclusions can not be made concerning the potential for
chl or obenzene to affect the inmune systemin humans foll ow ng oral
exposur e.

2.2.2.4 Neurological Effects

There is a paucity of data on the effects of chlorobenzene in
humans followi ng oral exposure. A two-year-old nmale swallowed 5 to
10 cc of a stain renpver which consisted al nost entirely of
chl or obenzene. He becane unconscious, did not respond to skin stinuli,
showed nuscl e spasns, and becane cyanotic. The odor of chl orobenzene
coul d be detected in his urine and exhal ed air; however, the child
recovered uneventfully (Reich 1934).

No studies were |ocated regarding neurol ogical effects in animals
follow ng oral exposure. In the absence of dose-response data in humans
and the lack of animal evidence, the potential for chlorobenzene to
produce effects on the nervous system cannot be quantitatively
det er m ned.

2.2.2.5 Devel opmental Effects

No studies were |located regarding the devel opnental effects in
humans foll owi ng oral exposure to chl orobenzene.

Limted data in ani mal s suggest that chl orobenzene is not
teratogenic. Rats were adm nistered chl orobenzene (100 or 300 ng/kg) in
corn oil by gavage from days 6-15 of gestation (IBT 1977). Fetal
wei ght, external anomalies, and skeletal and soft tissue abnornalities
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did not differ fromcontrol aninmals in any of the neasured paraneters.
Further, data on naternal weight and behavioral effects did not reveal
evi dence for dose-rel ated effects.

2.2.2.6 Reproductive Effects

No studies were |located regarding the reproductive effects in
humans or animals follow ng oral exposure to chl orobenzene.

2.2.2.7 Genotoxic Effects

No studi es were |ocated regarding genotoxic effects in humans or in
vivo studies in animals follow ng oral exposure to chl orobenzene.

2.2.2.8 Cancer

No studi es were | ocated regarding carcinogenic effects in humans
foll owi ng oral exposure to chl orobenzene.

In a chronic oral bioassay in rats and nice (NTP 1985), there was
no evi dence for carcinogenicity in both sexes of mice or female rats
admi ni stered chl orobenzene in corn oil by gavage at dose levels up to
120 ny/ kg/ day. Increased tunor frequencies were not seen in female rats
or in male or fenale nmice. Male rats showed a significant (p < 0.05)
increase in the incidence of neoplastic nodules of the liver in the
120 ngy/ kg/ day dose group, but no increases were found at | ower dose
| evel s. Wile progression fromnodules to carcinomas is a wel
characterized phenonenon, existing data are inadequate to characterize
t he carci nogenic potential of chlorobenzene in humans. On the basis of
these data, the EPA has classified chlorobenzene as a class D carcinogen
(i.e., inadequate evidence of carcinogenicity in humans and ani nal s)
(EPA 1987c).

2.2.3 Dernmal Exposure

No studies were located regarding the followi ng effects in humans
or aninmals follow ng dernmal exposure to chl orobenzene.

2.2.3.1 Deat h

2.2.3.2 Systemic Effects
2.2.3.3 I mmunol ogi cal Effects
2.2.3.4 Neurological Effects

2.2.3.5 Devel opnmental Effects
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2.2.3.6 Reproductive Effects
2.2.3.7 Cenotoxic Effects
2.2.3.8 Cancer

2.3 TOXI COKI NETI CS
2.3.1 Absorption

2.3.1.1 Inhal ation Exposure

Ogata and Shinmada (1983) reported that in two workers exposed to
0.84 and 0.5 ppm of chl orobenzene, the amount absorbed was 38% and 45%
respectively of the administered dose. It should be noted that the
percent recovery reported in this study did not take into consideration
elimnation that occurred during the night nor of expired chlorobenzene.
Sullivan et al. (1983) reported that rats readily absorbed “C | abel ed
chl orobenzene vapor at concentrations up to 700 ppm

2.3.1.2 Oal Exposure

Chl or obenzene is absorbed fromthe gastrointestinal tract. In a
study with a single hunman vol unteer, QCgata and Shinada (1983) reported
that at |east 31% of adm ni stered chl orobenzene was absorbed. In the
same study, rats adm nistered chl orobenzene absorbed at |east 18% of the
admi ni stered dose. Sinmilar results were reported by Lindsay-Snith
et al. (1972), who observed that in rabbits adm nistered “C- | abel ed
chl or obenzene, at |east 22% of the adm nistered chl orobenzene was
absor bed.

2.3.1.3 Dermal Exposure

No studies were |ocated regarding dernmal exposure to chl orobenzene
in humans or ani mal s.

2.3.2 Distribution
2.3.2.1 Inhal ation Exposure

No studies were located regarding distribution after inhalation
exposure of chl orobenzene in hunans.

Sullivan et al. (1983) reported the distribution of "“C-1abel ed
chl or obenzene vapor in rat tissues follow ng single or nmultiple 8-hour
exposures. Some rats were maintained for 48 hours for urine collection.
O hers were sacrificed imediately or 16 hours after exposure for
anal ysis of tissue radioactivity. The radioactivity in all tissues,
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except for fat, increased in proportion to the increase in exposure
concentration. The amount of the radiolabel in adi pose tissue increased
8 to 10 times when the concentration was increased from 100 to 400 ppm
and 3 to 5 tinmes from400 to 700 ppm Tissue levels of radioactivity
follow ng a single exposure were highest in epididymal and perirenal fat
(16.4 and 15.3 micronoles per gram respectively) after the 700 ppm
exposure. These val ues were not exceeded in animals following nmultiple
exposures. However, mnulti-exposed rats exhibited higher tissue burdens,
48 hours after the last exposure, than rats exposed only once. The
preferential distribution of chlorobenzene to the adi pose tissue
reflects the lipophilic nature (Il og octanol/water partition coefficient:
2.84 (Verschueren 1983)) of this conpound. The |ongevity of
radioactivity in fat tissue was not determ ned.

2.3.2.2 Oal Exposure

No studies were |located regarding the distribution of chlorobenzene
after oral exposure in hunmans or aninmals.

2.3.2.3 Der mal Exposure

No studies were |located regarding the distribution of chlorobenzene
after dermal exposure in humans or animals.

2.3.3 Metabolism

The proposed netabolic pathway (adapted from Ogata and Shi nada
1983) of chl orobenzene is shown in Figure 2-3. The main netabolites of
chl or obenzene are p-chl orophenyl mercapturic acid and 4-chl orocat echol

The in vitro netabolites of chlorobenzene are o-chl or ophenol
m chl orophenol, and p-chl orophenol; the proportions differ according to
t he source of the npbno-oxygenase systemand its state of purity
(Sel ander et al. 1975). The o- and p-chl orophenols result from
i sormeri zation of the intermediate 3- and 4-chl or obenzene oxi des,
respectively. The fornation of m chl orophenol appears to occur via a
di rect oxidative pathway (QCesch et al. 1973). In vitro conjugation of
the arene oxide with glutathione or hydration is not a significant
pat hway (Sel ander et al. 1975).

Qgata and Shi mada (1983) examined the urinary netabolites of
chl or obenzene in human subjects. An oral dose of 0.3 mmol/kg
chl or obenzene was given to a 57-year-old male subject. Metabolites were
al so assayed in 2 workers exposed via inhalation of either 0.84 or
0.5 ppm of chl orobenzene. They reported the occurrence of
4-chl orocat echol and p-chl orophenyl nercapturic acid in the urine of
humans who received chl orobenzene orally or by inhal ation.
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transition
— Cli OH ——— conjugate

4-chicrophenol

H H OH
OH
] ° H,0 —H,
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monochloro. ; OH
benzene 4-chlorocatechol
4-chlorobenzen- 3,4-dihydro-3,4-dihydroxy-
1,2-epoxide chlorobénzene

H
OH
——— CI H —> CIQ SCH, CHCOOH
glutathione !
conjugation 5G @NHCOCH:,

p- chlorophenylmercapturic acid

FIGURE 2-3. Metabolic Scheme for Chlorobenzene

Source: Adapted from Ogata and Shimada 1983.
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Qgata and Shimada (1983) al so exanined the urinary netabolites of
chl orobenzene in rats, mce, and rabbits. Rats were given oral doses of
0.3 mvol / kg, while all three species received intraperitoneal injections
of 0.5, 1.0, or 2.0 mml/kg. Urinary p-chlorophenyl nercapturic acid,
and 4-chlorocatechol, after hydrolysis of its conjugate, were reported.

Li ndsay-Snith et al. (1972) reported that the major metabolites of
chl orobenzene in the rabbit are p-chl orophenyl mercapturic acid and
conj ugates of 4-chlorocatechol. O her urinary netabolites included
qui nol , 3-chlorocatechol, and o- and m chl orophenyl mercapturic aci ds.
Cesch et al. (1973) studied the metabolism of chlorobenzene in rats
admi ni stered chl orobenzene by intraperitoneal injection. Thirty-three
percent of the adninistered dose was excreted in the urine, with
p- chl orophenol as the major netabolite. O her netabolites included
4- chl orocat echol , o-chl orophenol, and m chl or ophenol

2.3.4 Excretion
2.3.4.1 Inhal ation Exposure

Rats were exposed to “C chl orobenzene vapor at concentrations of
100, 400, and 700 ppmfor 8 hours (Sullivan et al. 1983). The pl asnma
concentration-tine profile for chlorobenzene on cessation of exposure,
as estimated by respiratory elinination of radioactivity, indicated a
two conpartnent elimnation. Increase in exposure by a factor of seven
(100- 700 ppm increased the total uptake of radioactivity by a factor of
about 13. This increase in body burden was associated with a decrease
in total body clearance, as indicated by an approxi mate four fold
increase in the half-life of the central conpartnent. The proportion of
the dose excreted via the lungs (which nay be presunmed to be largely, if
not entirely, unchanged chl orobenzene) increased nonlinearly and the
proportion elimnated by hepatic netabolism decreased. Increase in the
dose of chl orobenzene was associated with a decrease in the proportion
cleared as the mercapturic acid derivative. O interest, the half-life
of chl orobenzene was shorter at the 700 ppm exposure | evel when the
animal s were subjected to repeated treatnent daily for 5 days, as
conpared with that of the single 700 ppm exposure animals, raising the
possibility of induction of netabolic clearance. In agreenment with this
possibility, the proportion cleared by netabolismin the nulti-exposed
ani mal s was increased, and the proportion excreted unchanged via the
| ung was decreased, as conpared with the 700 ppm si ngl e exposure
ani mal s.

Ogata and Shinmada (1983) reported that in two workers exposed to
0.84 and 0.5 ppm of chl orobenzene, the excretion of
p- chl or ophenyl mercapturic acid was markedly | ower than that of
4-chl orocat echol . However, the ratio of mercapturic-acid to
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4-chl orocatechol in the urine of hunman subjects receiving chl orobenzene
orally was simlar to that of workers inhaling chlorobenzene.

2.3.4.2 (Oal Exposure

Qgata and Shimada (1983) al so assayed the urinary netabolites of
chl or obenzene of a 57-year-old nale volunteer given an oral dose of
0.3 nmmol / kg of chl orobenzene. Two urinary netabolites,
p- chl or ophenyl nercapturic acid and 4-chl orocatechol, were detected. As
in the case of inhalation exposure, the excretion of p-chlorophenyl ner-
capturic acid was reported to be narkedly | ower than that of 4-
chl orocat echol . However, the ratio of mercapturic-acid to 4-
chl orocat echol in the urine of hunman subjects receiving ora
chl orobenzene was simlar to that of workers inhaling chlorobenzene.

Li ndsay-Snith et al. (1972) reported that rabbits adm nistered
“C-1 abel ed chl orobenzene excreted 22% of the radiol abel in the urine.
The aut hors concluded that the renaining radi ol abel was excreted in the
expired air. Ogata and Shimda (1983) reported that in rats the prinary
urinary netabolite was p-chl orophenyl mercapturic acid and that
4-chl oroat echol was a minor netabolite.

2.3.4.3 Dermal Exposure

No studi es were | ocated concerning excretion of chlorobenzene in
animal s or man after dernal exposure.

2.4 RELEVANCE TO PUBLI C HEALTH

I nhal ati on studies in humans and ani nmals and oral studies in
ani mal s denonstrate that chl orobenzene can affect the central nervous
system liver, and ki dneys. Chlorobenzene did not affect the devel opi ng
fetus, was not genotoxic, and did not affect reproduction. Data has not
provi ded cl ear evidence that chl orobenzene causes cancer in ani mals.
Exi sting data are considered i nadequate to derive human mnimal risk
| evel s for acute and chroni c exposures.

Death. No case studies of human fatalities have been reported
foll owi ng exposure to chl orobenzene by inhal ation, ingestion, or dernal
contact. Death has been reported in animals at high doses for brief
peri ods of exposure. Rabbits died within 2 weeks after renoval from
exposure at approximately 537 ppm (Rozenbaum et al. 1947). The cause of
death has been attributed to central nervous system depression resulting
inrespiratory failure. Animal data suggest that lethality may not be a
concern for humans unl ess the exposure |level is very high.
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System ¢ Effects. No studies were |located regarding effects on the
respiratory, cardiovascul ar, gastrointestinal, hematol ogical
nmuscul oskel etal, or dermal/ocul ar systens in humans or ani mals by any
route of exposure to chlorobenzene.

Hepatic Effects. No studies were |ocated denonstrating that
chl or obenzene causes hepatic toxicity in humans by any route of
exposure. Acute and internedi ate exposures in aninals denonstrated that
chl or obenzene causes changes in liver weights and enzyne | evels,
degeneration, necrosis, and alterations in mcrosomal enzynmes. These
effects were first evident during acute exposure (5 days) at
1, 140 ny/ kg/ day by gavage (R m ngton and Ziegler 1963) and internedi ate
exposure (5 days/wk for 24 weeks) at 75 ppmvia inhalation (Dilley
1977). Simlar effects were al so observed foll ow ng ingestion of
>250 ng chl orobenzene/ kg/ day for 91 days. The preci se nmechani smfor
liver damage i s not known; however, direct binding of chlorobenzene
net abolites to cellular protein may be involved (Reid et al. 1973; Reid
and Krishna 1973). There were differential sensitivities in aninal
speci es tested which may be due to differences in netabolism Based on
animal studies, liver toxicity may be an area of concern in humans.

Renal Effects. No studies were |ocated denpnstrating that
chl orobenzene causes renal effects in humans by any route of exposure.
Intermedi ate studies in animals showed effects on the kidney at doses
conparabl e to those causing liver effects. Typical signs included
tubul ar degeneration and necrosis as well as changes in organ weight.
Changes in organ wei ghts with acconpanyi ng hi st opat hol ogy occurred at
>250 ng/ kg/ day (90 days) (Kluwe et al. 1985). The preci se nechani sm of
ki dney damage is not clear. However, necrosis was associated with
coval ent binding of substantial anpbunts of radiol abel ed chl orobenzene to
ki dney protein in intraperitoneal studies (Reid 1973). This study al so
reported that autoradi ograns reveal ed that nost of the covalently bound
material was |localized within necrotic tubular cells (Reid 1973). Based
on animal studies, renal toxicity may be an area of concern in humans.

I mmunol ogi cal Effects. Histopathol ogic evaluations in animals
suggest that chl orobenzene may be inmunot oxic; however, direct tests of
i mmune function have not been perforned. In the absence of functiona
assessnent, the potential for chlorobenzene to affect the i mune system
i n humans can not be determn ned.

Neur ol ogi cal effects. Case reports of humans denonstrated that
chl or obenzene caused di sturbances of the central nervous system but
there were no reports of changes in the structure of the brain and ot her
parts of the nervous system Effects were observed in humans who
i nhal ed vapors of chl orobenzene in the workplace for up to 2 years
(Rozenbaum et al. 1947). Effects included headaches, dizziness, and
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sl eepi ness. Unconsci ousness, |ack of response to skin stinmuli, and
muscl e spasns were noted foll ow ng accidental ingestion. Wiile there is
qgualitative evidence for central nervous systemeffects in humans, a
guantitative assessnment can not be made since exposure |evels were not
reported. Because work practices have changed significantly since these
studies, it is reasonable to assune that exposure levels in this study
were higher than current pernissible federal exposure |evels. Acute
studies in aninmals confirmthat chlorobenzene is potentially neurotoxic.
These effects appear to be the result of narcotic effects of

chl or obenzene on the central nervous system Acute inhalation exposure
produced narcosis preceded by muscle spasns in rabbits at 1,090 ppm
(Rozenbaum et al. 1947).

Devel opnental Effects. No studies were found regarding the
devel opnental toxicity of chlorobenzene in humans. In inhalation and
oral exposure studies, the animals did not denonstrate significant
devel oprmental toxicity when conpared with untreated controls. Negative
responses in two animal species suggest that devel opnental toxicity may
not be an area of concern for chlorobenzene.

Reproductive Effects. No studies were found regarding the
reproductive toxicity of chlorobenzene in humans. In a two-generation
i nhal ati on study, chlorobenzene did not adversely affect various
reproductive paraneters in rats (Nair et al. 1987). While results of
this study suggest reproductive toxicity may not be an area of concern
to hunmans, other considerations are warranted before firm concl usi ons
can be made regarding risk to humans. The slight increase in the
occurrence of degeneration of the germ nal epitheliumof the testes
provi des sone evidence for further consideration. A so, the study did
not provi de hi st opathol ogi cal data on other organs related to
reproductive functions (i.e., epididyms, vas deferens, accessory sex
glands, and pituitary). Wile the authors reported no treatnent-rel ated
i mpai rment of fertility, it should be noted that fertility assessnents
intest animals are limted by their insensitivity as neasures of
reproductive injury in humans.

CGenotoxic Effects. No studies were |ocated regardi ng the genotoxic
effects of chl orobenzene in humans. No in vivo ani mal assays were
found, except the micronuclear test in nice which was noderately
positive (Mhtasham pur et al. 1987) (Table 2-3). Furthernore, in vitro
tests enployi ng bacterial and yeast assay systens with and without
nmet abol i ¢ activation were negative (Haworth et al. 1983; NTP 1985;
Prasad 1970). Chl orobenzene induced transformation in adult rat |iver
epithelial cells but was not genotoxic to hepatocytes (Shinmada et al
1983). Since transformati ons may occur through nongenot oxi ¢ nmechani sns,
results do not necessarily indicate that chl orobenzene is potentially
genotoxic. Results of in vitro assays for chl orobenzene are presented



In Vivo

TABLE 2-3. Genotoxicity of Chlorob

Exposure
End Point Species (Test System) Route Results Reference
Mammalian systems:
Chromosomal Mouse (micronuclear) IpP + Mohtashumipur
et al. 1987

IP = intraperitoneal; + = positive result.
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in Table 2-4. Existing data suggest that genotoxicity may not be an
area of concern for chl orobenzene exposure in hunmans.

Cancer. No studies were found regarding the carcinogenicity of
chl or obenzene in humans. In a chronic bioassay in aninmals,
chl or obenzene (up to 120 ng/ kg/ day) did not produce increased tunor
incidences in mce of both sexes or in female rats (NTP 1985). It was
not ed, however, that male rats showed a statistically significant
increase in neoplastic nodules at the highest dose level tested. Wile
there is strong evidence for neoplastic nodul es, existing data are
i nadequate to characterize the potential for chlorobenzene to cause
cancer in humans and ani mal s.

2.5 Bl OVARKERS OF EXPOSURE AND EFFECT

Bi omarkers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as markers of
exposure, nmarkers of effect, and markers of susceptibility (NAS/ NRC
1989).

A bi omar ker of exposure is a xenobiotic substance or its
nmet abolite(s) or the product of an interaction between a xenobiotic
agent and sone target nolecule or cell that is nmeasured within a
conmpartment of an organi sm (NAS/ NRC 1989). The preferred bi omarkers of
exposure are generally the substance itself or substance-specific
nmetabolites in readily obtainable body fluid or excreta. However,
several factors can confound the use and interpretation of biomarkers of
exposure. The body burden of a substance may be the result of exposures
fromnore than one source. The substance being neasured nay be a
nmet abol i te of another xenobiotic (e.g., high urinary |evels of phenol
can result from exposure to several different aromatic conpounds).
Dependi ng on the properties of the substance (e.g., biologic half-life)
and environnmental conditions (e.g., duration and route of exposure), the
substance and all of its nmetabolites nmay have | eft the body by the tine
bi ol ogi ¢ sanpl es can be taken. It may be difficult to identify
i ndi vi dual s exposed to hazardous substances that are conmonly found in
body tissues and fluids (e.g., essential mineral nutrients such as
copper, zinc, and selenium. Biomarkers of exposure to chl orobenzene
are di scussed in Section 2.5. 1.

Bi omar kers of effect are defined as any neasurabl e bi ochem cal,
physiologic, or other alteration within an organi smthat, dependi ng on
magni t ude, can be recogni zed as an established or potential health
i npai rment or di sease (NAS/NRC 1989). This definition enconpasses
bi ochenmi cal or cellular signals of tissue dysfunction (e.g., increased
liver enzyne activity or pathol ogic changes in female genital epithelial



TABLE 2-4. Genotoxicity of Chlorobenzene In Vitro

Results
With Without
End Point Species (Test System) Activation Activation Reference
Prokaryotic organisms:
Gene mutation Salmonella typhimurium - - NTP 1985
Gene mutation S._typhimurium - - Haworth et al.
1983
Eukaryotic organisms:
Fungi:
Gene mutation Aspergillus nidulans - No data Prasad 1970
Mammalian cells:
Genetic endpoint unknown Rat (cellular + No data Shimada et al.
transformation) 1983
DNA Repair Rat (UDS) - No data Shimada et al.

1983

= negative result; + = positive

result; UDS = unscheduled DNA synthesis.

C
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cells), as well as physiologic signs of dysfunction such as increased
bl ood pressure or decreased |ung capacity. Note that these markers a
of ten not substance specific. They also may not be directly adverse,
but can indicate potential health inpairnent (e.g., DNA adducts).

Bi omar kers of effects caused by chl orobenzene are discussed in
Section 2.5. 2.

A biomarker of susceptibility is an indicator of an inherent or
acquired limtation of an organismis ability to respond to the chall enge
of exposure to a specific xenobiotic. It can be an intrinsic genetic or
other characteristic or a preexisting disease that results in an
i ncrease in absorbed dose, biologically effective dose, or target tissue
response. |f biomarkers of susceptibility exist, they are discussed in
Section 2.7, "POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Bi omarkers Used to ldentify and/or Quantify Exposure to
Chl or obenzene

Level s of chl orobenzene and its netabolites have been neasured in
bl ood, urine, and exhal ed air; however, no studies were |ocated |inking
any | evel of chlorobenzene in humans with a biol ogical effect. Levels
ranging fromO0.05 to 17 ng/L were detected in the blood and 25 to
120 pg/L in the urine of residents living near a fornmer toxic chem cal
dunp, while trace amounts were found in exhaled air (Barkley et al
1980) .

2.5.2 Bi omarkers Used to Characterize Effects Caused by Chl orobenzene

Neur ol ogi cal danage is a characteristic biomarker of effect in
humans exposed to chl orobenzene. Additional information on health
ef fects associated with exposure to chl orobenzene can be found in
Section 2.2. Various clinical signs and synptons of people exposed to
chl or obenzene whi ch may be nonitored include headaches, dizziness,
muscl e spasnms, and cyanosis (fromrespiratory depression). No data we
found on biochem cal changes which may exi st.

Studi es in aninal s suggest that chl orobenzene nay al so cause injury
to the liver. In rats, alkaline phosphatase, SGOI, and delta-am no
levulinic acid | evel s were increased as were liver protoporphyrin and
uropor phyrin. Data suggest that the kidneys may be affected follow ng
exposure to chl orobenzene as polyuria was noted in rats at high dose
| evel s. Since other chenicals may produce sinmlar effects, these are
not specific indicators of chlorobenzene exposure.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

In an attenpt to identify the proposed epoxi de internmnedi ate of
chl or obenzene, Qesch (1973) co-adninistered the epoxide hydrase
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i nhi bitor cycl ohexane oxi de together with chl orobenzene to rats.

I nstead of increasing the toxicity of chl orobenzene as expected, through
the inhibition of epoxide hydrase, cycl ohexane oxi de actually decreased
t he met aboli sm of chl orobenzene and its necrotic toxicity on the liver,
suggesting that the nmetabolism of chlorobenzene is partially responsible
for its liver toxicity.

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

No studi es were |ocated regardi ng human popul ati ons that are
unusual Iy susceptible to chl orobenzene. By analogy to other |ipophilic
chl orinated benzenes such as hexachl orobenzene, which is found in hunman
mlk (Weisenberg et al. 1985), nursing infants may be susceptible to
chl orobenzene toxicity.

2.8 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Admi nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of chlorobenzene is avail able. Where adequate
information is not available, ATSDR in conjunction with the Nationa
Toxi col ogy Program (NTP), is required to assure the initiation of a
program of research designed to determine the health effects (and
t echni ques for devel opi ng nethods to determnine such health effects) of
chl or obenzene.

The follow ng categories of possible data needs have been
identified by a joint team of scientists from ATSDR, NTP, and EPA. They
are defined as substance-specific informational needs that, if net would
reduce or elimnate the uncertainties of human health assessnent. In
the future, the identified data needs will be evaluated and prioritized,
and a substance-specific research agenda will be proposed.

2.8.1 Existing Information on Health Effects of Chlorobenzene

The existing data on health effects of inhalation, oral, and dernal
exposure of humans and aninals to chl orobenzene are sunmarized in
Figure 2-4. The purpose of this figure is to illustrate the existing
i nformati on concerning the health effects of chl orobenzene. Each dot in
the figure indicates that one or nore studies provide information
associated with that particular effect. The dot does not inply anything
about the quality of the study or studies. Gaps in this figure should
not be interpreted as "data needs" information.

As summarized in Figure 2-4, there is a paucity of data on health
effects of chl orobenzene in humans. Existing data relate to inhal ation
and oral exposures. No data were found on dernmal exposures.
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The toxicity of chlorobenzene has been studied in aninmls by oral
and i nhal ati on exposures, but there are no data on dernmal exposures.
Oral studies have focused on systemic toxicity (liver and kidney) and
genot oxi ¢ and carcinogenic effects. There are inhal ati on studies
eval uati ng neurol ogi ¢, devel opnental, and reproductive effects.

2.8.2 ldentification of Data Needs

Acut e-Durati on Exposure. No information is available on the
effects of acute-duration exposure of humans to chl orobenzene by any
route of exposure. Aninmal studies indicate that acute inhalation and
oral exposures can result in death. No other treatnent-related effects
were reported. There are no data on effects of chlorobenzene foll ow ng
dermal exposure in animals. Since data on effects in humans are not
avail able and aninmal data are linmited to lethality, data are not
sufficient to derive an acute MEL. Further studies would be useful to
identify target tissues and threshold levels for effects that nmay exist.

I nt ermedi at e- Durati on Exposure. No studies are avail able in humans
on the effects of intermedi ate-durati on exposure to chl orobenzene by any
route. Inhalation and oral studies in animals indicate that the nervous
system liver, and kidneys are principal target tissues follow ng
exposure to chl orobenzene. An internediate oral MRL was derived based
on liver effects in rats. There are no data on effects follow ng dernal
exposure in aninmals. Because there is potential for exposure to
chl orobenzene through skin contact, additional studies by dernm
exposure would add to the database on chl orobenzene toxicity.

Chroni c-Duration Exposure and Cancer. Linmted studies are
avail able on the effects in humans chronically exposed to chl orobenzene
via inhalation and suggest that nervous systemis a target tissue.
Speci fic exposure data were not provided. No information is avail able
on effects of chlorobenzene in hunmans followi ng chronic oral or dernal
exposure. Inhalation and oral studies in aninmals identified the same
target tissues as for intermnedi ate-duration exposure. One study in rats
denonstrated that the i mmune system can al so be adversely affected via
oral exposure. Inhalation studies in humans and i nhal ati on and oral
studies in aninmals are sufficient to identify main target tissues. A
chronic MRL was not derived since human exposure data were | acking and
the one animal study did not evaluate a sufficient nunmber of end points
and test aninmals. Further studies via the dermal route would provide
additional toxicity data for an assessnent of potential risk to humans.

No studies were found in humans regardi ng the carci nogenic effect
of chl orobenzene via inhalation. Since this is the primary route of
envi ronnment al exposure, additional studies would be useful to assess
potential risk to people who nay be exposed to | ow | evel s of
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chl orobenzene in air near hazardous waste sites. There was no evi dence
for carcinogenicity in both sexes of mce or fenale rats followng ora
exposure to chl orobenzene. Since the animals were tested at the maxi mum
tol erated dose and a no-effect level for tunors in rats and mce has
been determ ned, additional oral studies are not warranted at this tine.

CGenotoxicity. No studies were found on the genotoxic effects of
chl orobenzene in hunmans by any route of exposure. Results of anina
assays were nixed. Chlorobenzene induced statistically significant
i ncreases in polychromatic erythrocytes containing nmicronuclei in mce
follow ng intraperitoneal injections. Results of cellular
transformati on assays of rat liver epithelial cells were positive, but
chl or obenzene did not induce unschedul ed DNA synthesis in primary rat
hepat ocytes. Studi es eval uating the nutagenic potential of
chl or obenzene have been negative. Since existing data do not suggest a
significant genotoxic risk associated with exposure to chl orobenzene,
addi tional studies are not warranted at this tine.

Reproductive Toxicity. No studies were found on the reproductive
toxicity of chlorobenzene by any route in humans. Chl orobenzene di d not
af fect various reproductive paranmeters in a two-generation inhalation
study in rats. Additional aninmal studies enploying another species
woul d provide further information for assessing potential effects on the
reproductive functions of chlorobenzene. These studi es shoul d provide
hi st ol ogi cal eval uati ons of organs related to reproduction function
(i.e., epididyms, vas deferens, accessory sex glands, and pituitary)
since these organs have not been evaluated. Slight increases in the
i nci dence of degeneration of testicular epitheliumare also noteworthy
for further consideration

Devel opnmental Toxicity. No studies have been conducted to eval uate
the devel opnental toxicity of chlorobenzene in humans. Chl orobenzene
did not affect the devel oping fetus follow ng inhalation and oral
exposures by rats and rabbits. Wile there is a potential for exposure
via the dernmal route, the absence of significant effects by the primry
exposure route (inhalation) suggests that additional studies nay not be
needed at this tine.

I mmunot oxi city. There are no data available on the i munotoxicity
of chl orobenzene in humans by any route of exposure. Hi stol ogical
exam nation of organs and tissues of the inmunol ogical systemin mce
and rats provide sonme evidence that chl orobenzene is potentially
i mmunot oxi ¢c. I mmune function tests would provide a better assessnent of
potential inmunotoxic effects in humans.

Neurotoxicity. Limted data in humans indicate that exposure to
chl or obenzene via inhalation and oral exposures can result in effects on
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t he nervous system dCinical signs and synptons were observed, but

hi st ol ogi cal | esions were not reported. Results of inhalation studies
in animals confirmclinical aberrations, but no data were found in
animals follow ng oral exposure. Further studies enploying other animal
speci es and various dose |l evels would be useful to determine if simlar
effects exist following oral and dermal exposures. Although the

i nhal ati on of contaninated air is the nbst probable route of exposure to
chl orobenzene, there is also potential for exposure through skin contact
or by consunption of contam nated water. Aninmal studies in which

chl or obenzene is adnministered orally or dermally would all ow

determ nation of neurotoxicity by these routes.

Epi demi ol ogi cal and Human Dosinetry Studi es. No epi dem ol ogi ca
studi es have been conducted to evaluate the adverse health effects of
chl or obenzene. Existing studies are linmted to case reports of
occupati onal exposures and identified the nervous systemas a target
ti ssue follow ng chronic inhalation of chlorobenzene. Reliable exposure
data were not reported. Additional studies which provide quantitative
exposure data woul d be useful in evaluating potential risk to humans and
providing a better understanding of |evels which |lead to effects that
may exi st.

Bi omarkers of Exposure and Effect. Parent chl orobenzene and
nmet abol i tes can be detected in biological tissues and fluids. However,
exi sting methods may not be useful for evaluating the general popul ation
as opposed to industrial situations where preexposure |evels are
establi shed prior to known chl orobenzene exposure. The overall
reliability of these biomarkers are further reduced since data are not
avail able on the half-l1ife of chlorobenzene in various biological nedia.

Central nervous systeminjury is a common effect associated with
exposure to vapors of chl orobenzene in humans. Studies in aninals
suggest that chl orobenzene can also result in damage to the liver and
ki dneys. Since sinmlar effects occur with exposure to other chem cal s,
addi tional studies are needed to identify nore specific bionmarkers by
which to nonitor popul ations living near hazardous waste sites.

Absorption, Distribution, Metabolism and Excretion. The
t oxi coki neti cs of chl orobenzene have not been evaluated to any great
extent in humans. Limted studi es suggest that chlorobenzene can be
absorbed followi ng inhalation and oral exposures, but no data were found
on absorption foll owi ng dernal exposure. Based on absorption
characteristics of benzene and the high lipid solubility of
chl orobenzene, absorption nay be significant dependi ng on conditions.
Addi ti onal studies are needed to determ ne absorption rates follow ng
exposure by all routes.
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Data are al so sparse on the distribution of chlorobenzene. No
information is available regarding distribution of chlorobenzene in
humans by inhal ation, oral, or dermal exposure. There are limted
ani mal data which suggest preferential distribution to adi pose tissue in
rats via inhalation. The kidneys and |iver also showed significant
anmounts of chl orobenzene and rats that received nultiple doses exhibited
hi gher tissue burdens than rats exposed only once.

The netabolic transformati on of chl orobenzene has been evaluated in
humans and ani mals. Al though ultimte products of netabolic oxidation
are known, the oxidative pathway and possi bl e internedi ates have not
been established. Principal nmetabolites have been deterni ned but
guantities and ratios differ anong species. Additional studies would be
useful to determne if these differences affect the toxicity of
chl or obenzene.

There are linmted data on the excretion of chlorobenzene. In
humans exposed via the inhalation and oral routes, chlorobenzene and its
nmet abolites were detected in urine and there were differences in
excretion patterns via the two routes. Chlorobenzene and its
met abolites were also detected in exhaled air of rats follow ng
i nhal ation and in exhaled air and urine in rabbits after oral exposure.
The urinary metabolite profile appeared to be dose dependent and there
were changes in excretion patterns due to nmultiple versus single
exposures. No data on excretion follow ng dermal exposure are
avai |l abl e. Additional studies would be useful in determ ning the
significance of these differences with regard to risk associated with
di fferent routes of exposure.

Conparative Toxicokinetics. Existing studies regarding
t oxi coki neti cs of chl orobenzene in humans are limted, but data do
provi de sonme understandi ng of the absorption, netabolism and excretion
followi ng i nhal ati on and oral exposures. Since studies on distribution
of chl orobenzene are | acking, quantitative data correlating human
exposure and tissue accurul ati on woul d be useful. In aninmals,
guantitative data on absorption, distribution, nmetabolism and excretion
are very limted in extent and quality. Additional studies using a
vari ety of species and including physiol ogi cal based pharnmacoki netic
nodel i ng woul d be useful in determ ning the nost suitable ani mal nodel
for assessing human ri sk.

2.8.3 On-going Studies
Chl orobenzene is one of 47 chemcals to be tested by NTP for

heritabl e genetic effects in Drosophila and for nutagenesis in the nouse
| ynphoma cel | nutagenesi s assay.
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3. CHEM CAL AND PHYSI CAL | NFORVATI ON
3.1 CHEM CAL | DENTITY

Table 3-1 lists common synonyns, trade nanes and ot her pertinent
identification information for chlorobenzene.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

Table 3-2 lists inportant physical and chem cal properties of
chl or obenzene.
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3. CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-1. Chemical Identity of Chlorobenzene

Characteristic Value Reference
Chemical name Chlorobenzene NIM 1988
NIM 1988

Synonyms Monochlorobenzene;

benzene chloride;

phenylchloride;

MCB; chlorobenzol NIM 1988
Trade name Caswell no. 183A NIM 1988
Chemical formula C¢HsC1 NIM 1988

Chemical structure al

©

Identification numbers:

CAS Registry 108-90-7 NIM 1988
NIOSH RTECS CZ0175000 HSDB 1988
EPA Hazardous Waste U037,F002 HSDB 1988
OHM/TADS No data
DOT/UN/NA/IMCO Shipping UN 1134 NLM 1988
IMCO 3.3 HSDB 1988
HSDB 55 NLM 1988
NC1I C54886 NIM 1988

CAS = Chemical Abstracts Service; NIOSH = National Institute for
Occupational Safety and Health; RTECS = Registry of Toxic Effects of
Chemical Substances; EPA = Environmental Protection Agency; OHM/TADS =
0il and Hazardous Materials/Technical Assistance Data System;
DOT/UN/NA/IMCO = Department of Transportation/United Nations/North
America/International Maritime Dangerous Goods Code; HSDB = Hazardous
Substances Data Bank; NCI = National Cancer Institute.



43

3. CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-2. Physical and Chemical Properties of Chlorobenzene
Property Value Reference
Molecular weight 112.56 Weast 1985
Color Colorless Verschueren 1983
Physical state Liquid Verschueren 1983
Melting point -45.6°C Weast 1985
Boiling point 132°C Weast 1985
Density at 20°C 1.1058 Weast 1985
Odor Aromatic, Sax and Lewis 1987

Odor threshold:
Water
Air

Solubility:
Water at 20°C
Organic solvents

Partition coefficients:
Log octanol/water
Log K.
Vapor pressure at 20°C
Henry's law constant
Autoignition temperature
Flashpoint
Flammability limits
Conversion factors

almond-1like

0.050 mg/L
1-8 mg/m?

500 mg/L
Soluble in
alcohol, ether,
benzene

2.84

2.52

8.8 mmHg

3.58x107% atm-m®/mol
637°C

29.4°C
1.8%-9.6%

1 ppm = 4.7 mg/m?
1 mg/m* = 0.22 ppm

Verschueren 1983
Verschueren 1983

Verschueren 1983
Weast 1985

Verschueren 1983
Mabey et al. 1982
Verschueren 1983
Mabey et al. 1982
Sax and Lewis 1987
Sax and Lewis 1987
Sax and Lewis 1987
Verschueren 1983
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4.1 PRODUCTI ON

Production of chl orobenzene in the United States has declined by
nearly 60% fromthe peak production volume of 274,000 kkg in 1960 to
112,000 kkg in 1987. This decline is attributed primarily to the
repl acement of chl orobenzene by cunene in phenol production and the
cessation of DDT production in the United States. In addition,
pestici de production using chlorobenzene as an internedi ate has declined
and no maj or new uses have been found for chl orobenzene in recent years.
Therefore, the decline in chlorobenzene production is expected to
conti nue (EPA 1980c, 1985; Hughes et al. 1983; USITC 1988).

Chl or obenzene is produced by three United States chem ca
conpani es: Monsanto Chem cal Conpany, Sauget, Illinois; PPG Industries,
Inc., Natrium West Virginia; and Standard Chlorine Chem cal Co., Inc.,
Del aware City, Del aware. Production capacity for chlorobenzene at these
pl ants has remmi ned constant since 1985 although it appears that actua
production has declined slightly during that period (Hughes et al. 1983;
SRI 1985, 1986, 1987, 1988; USITC 1988).

Chl or obenzene is produced comercially by the chlorination of
benzene in the presence of a catalyst (e.g., ferric chloride, alum num
chloride, or stannic chloride). This process yields a m xture of
chl or obenzene, dichl orobenzenes, and hi gher anal ogs which are distiller
and crystallized to obtain pure products (EPA 1985a; Hughes et al.
1983).

4.2 | MPORT

I mport and export data for chlorobenzene are not readily avail abl e.
Estimates indicate that for the |last ten years, both inports and exports
have been negligible (Hughes et al. 1983).

4.3 USE

The current primary uses of chlorobenzene are as a solvent for
pesticide formul ati ons, diisocyanate manufacture, degreasing autonobile
parts, and for the production of nitrochl orobenzene. Sol vent uses
accounted for about 37% of chl orobenzene consunption in the United
States in 1981, nitrochl orobenzene production for 33% and di phenyl
oxi de and phenyl phenol production for 16% of consunption. Chlorobenzene
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is also used in silicone resin production and as an internediate in the
synt hesi s of other hal ogenated organi cs. The past major use of

chl or obenzene was as an internediate in phenol and DDT production
(Hughes et al. 1983).

4.4 DI SPOSAL

Because chl orobenzene is |isted as a hazardous substance, disposal
of waste chl orobenzene is controlled by a nunber of federal regulations
(see Chapter 7). Spent solvent wastes, which may include chl orobenzene,
are prohibited fromland di sposal, except under specific conditions.
Land di sposal restrictions (treatnment standards) are proposed for other
wast es contai ni ng chl or obenzene. Wastes contai ni ng chl orobenzene may be
di sposed of by liquid injection, rotary kiln, or fluidized bed
i nci nerati on (EPA 1988a, 1989b; HSDB 1988). Since chl orobenzene is a
vol atil e conpound and is used extensively as a solvent, large quantities
are released to the air. Sonme estimates indicate that 30 to 50% of the
annual production of chlorobenzene is released to the atnosphere, while
less than 0.1%is found in wastewater and | ess than 1% is disposed of on
| and (EPA 1985a).
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5.1 OVERVI EW

Chl or obenzene is used as a solvent and as an internediate in
i ndustry. A portion of that is lost to the environment in water and air
di scharges. Chl orobenzene adsorbs noderately to soil and is biodegraded
conparatively rapidly. Wth a noderate index of bioaccumnul ation,
chl or obenzene was found in al nost every individual tested for it in the
United States. The EPA has identified 1,177 NPL sites. Chlorobenzene
has been found at 97 of the sites evaluated for the presence of this
chem cal. As nore sites are evaluated by the EPA the nunber may
change. The frequency of these sites within the United States can be
seen in Figure 5-1

5.2 RELEASES TO THE ENVI RONVENT
5.2.1 Air

The production of chl orobenzene by seven maj or producers was
reported to be 112,000 kkg in 1987. Estinmates of environnmental releases
vary widely. The EPA (1982d) estimted the rel ease of chl orobenzene to
be about 200 tons, or 0.2% of production, while Dow Chenical Conpany
estimated that about 50,000 tons, or 30%to 50% of their annual
production was rel eased to the air (EPA 1980a).

5.2.2 Water

The principal source of chlorobenzene in water is release from
chem cal manufacturing facilities. Dow Cheni cal Conpany estinmated that
0.1% of its annual production enters waters (EPA 1980a). Perry et al
(1979) found chl orobenzene in 6/63 industrial effluent in concentrations
up to 100 ug/L. Based on 1,338 sanples collected fromabout 1980 to
1983, the nedi um concentrati on of chl orobenzene in waste effluent was
< 3 ppb and was detected in 54 sanples. The total ampount released to
t he environnment was not reported (Staples et al. 1985). Chl orobenzene
has been detected in both surface and groundwater sanples at hazardous
waste sites. Data fromthe Contract Laboratory Program (CLP)

Statistical Database indicate that chlorobenzene occurred in surface
water at 13 sites at a geonetric nean concentration of 17 ppb in
positive sanples and in groundwater at 28 sites at a geonetric nean
concentration of 62 ppb in positive sanples (CLPSD 1988). It should be
noted that the CLP Statistical Database includes data from both NPL and
non- NPL sites.
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5.2.3 Soil

Chl or obenzene was detected at 34 sites at a geonetric nean
concentration of 37 ppmin positive soil sanples (CLPSD 1988). It
shoul d be noted that the CLP Statistical Database includes data from
both NPL and non-NPL sites.

5.3 ENVI RONMENTAL FATE
5.3.1 Transport and Partitioning

Chl or obenzene is volatile and has only noderate solubility in water
(500 ng/L). Chlorobenzene was observed to evaporate (> 99% from an
unaer at ed aqueous solution in 72 hrs (Garrison and H Il 1972). The air,
undoubtedly, plays a large role in the environnental transport and
degradati on of chl orobenzene, although studi es addressing this aspect
were not found.

5.3.2 Transformati on and Degradati on
5.3.2.1 Ar

Physi cal constants for chl orobenzene, especially its vapor pressure
and water solubility, indicate that the air is an inportant and perhaps
t he domi nant nedium for the transport and transformation of
chl orobenzene. As an aromatic nolecule with strong UV-absorption,
chl or obenzene has a half-life of 20 to 40 hrs under sinul ated
at mospheric conditions (Dilling et al. 1976). This appears to be
confirmed by the large difference between chl orobenzene neasurenents in
urban air (3,000 ng/m) and in rural air (not detected) in 1982
(Brodzi nsky and Singh 1983).

5.3.2.2 VWat er

Bi odegradation in a waste water inoculumwas studi ed by Tabak
et al. (1981). Anong 57 environnental pollutants tested, chlorobenzene
at 5 ng/L was anong the nore rapidly biodegraded substances with 89%
degradation in a week and 100% after adaptati on. Biodegradation is
therefore a mpj or degradati on process in oxygenated waters while
evaporation will play an additional role in surface waters.

5.3.2.3 Soil
Bi odegradati on of chl orobenzene is rapid, |eaving no detectable

residues after 1 or 2 weeks. Adaptation is also rapid (Tabak et al.
1981).
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5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONVENT
5.4.1 Ar

Air sanples at 56 localities in the United States in 1982 had nean
chl orobenzene concentrations of about 3,000 ng/ni; the highest
concentrations in urban and suburban areas, at rmuch |ower |evels at the
sites of production, but was not detectable in rural and renpte areas
(Brodzi nsky and Singh 1983). This suggests a substantial contribution
to urban air levels by small industry and consumer products but also a
short residence tine in the air. A study of New Jersey waste sites
found simlar air levels of chlorobenzene (2,500 ng/n) (Harkov et al.
1985). However, air levels found by another study done for the United
States EPA (Pellizzari 1978a) were an order of magnitude lower, with
only the air over a waste site approaching the nmean urban concentrations
reported above. Anmbient air outside hones of "Od Love Canal"” (N agara
Fal I s, New York) contai ned chl orobenzene rangi ng from not detectable (4
sites) to traces (4 sites) and 120 ng/ni (1 site) (Barkley et al. 1980).

5.4.2 Water

Chl or obenzene, along with other chlorinated chemcals, was found in
United States' rivers at levels up to and exceeding 10,000 ng/L
(Shackel ford and Keith 1976; Sheldon and Hites 1978). Private wells
near a hazardous waste site contained as nmuch as 41 ug/L (C ark 1982)
and tap water at Love Canal contained 10 to 60 ng/L of chl orobenzene
(Barkley et al. 1980).

Chl or obenzene contamination of industrial waste waters up to and
exceeding 100 pug/L was found in 6/63 sanples (Perry et al. 1979) and in
147/ 31, 194 sanples with a nmean concentration of 667 ug/L (EPA 1985a).

5.4.3 Soil

Staples et al. (1985) reported that the median concentration of
chl or obenzene in the United States was estimated to be I ess than 5 ppb
dry sedinments. In 347 neasurenents recorded in the STORET data base, 2%
of the sanples contained detectabl e concentrations of chl orobenzene.
5.4.4 Oher Media

No studi es of chlorobenzene in food or other nedia are avail abl e.
5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

Chl or obenzene was found in 98/100 human adi pose tissue sanples from

all regions of the United States at levels ranging froml to 9 ng/g
(Stanley 1986). At Love Canal, N agara Falls, chlorobenzene could be
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detected in the breath of one of nine people evaluated for exposure and
in the urine of six of nine persons at 20 to 120 ng/L (Barkley et al.
1980) .

Personal sanpling at chemnical conpanies (Cohen et al. 1981)
i ndi cated that chl orobenzene levels (up to 18 ng/m) in work place air
did not exceed the current federal |evel (350 ny/m).

5.6 POPULATI ONS W TH POTENTI ALLY HI GH EXPOSURES

Cccupational settings provide the greatest potential for high
exposures to chl orobenzene. Since chlorobenzene is a volatile conpound
and is used extensively as a solvent, large quantities nmay be rel eased
to the workplace air. Qther popul ati ons who m ght be exposed incl ude
persons living near industrial facilities where chl orobenzene em ssions
are not properly controlled.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of chlorobenzene is avail able. Where adequate
information is not available, ATSDR, in conjunction with the NTP, is
required to assure the initiation of a programof research designed to
determne the health effects (and techni ques for devel opi ng nmethods to
determ ne such health effects) of chlorobenzene.

The followi ng categories of possible data needs have been
identified by a joint team of scientists from ATSDR, NTP, and EPA. They
are defined as substance-specific informational needs that, if net would
reduce or elimnate the uncertainties of human health assessnment. In
the future, the identified data needs will be evaluated and prioritized,
and a substance-specific research agenda will be proposed.

5.7.1 ldentification of Data Needs

Physi cal and Chem cal Properties. Physical and chem cal properties
of chl orobenzene have been thoroughly measured.

Production, Use, Release, and Disposal. Data indicate that
chl or obenzene producti on has declined dramatically over the past two
decades, but current quantitative data on use (especially solvent uses)
and di sposal practices would be hel pful in evaluating the effect of
current industrial practices on environnental |evels of chlorobenzene.
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According to the Emergency Planning and Cormunity Right to Know Act
of 1986 (EPCRTKA), (8313), (Pub. L. 99-499, Title IIl, 8313), industries
are required to subnmit release information to the EPA. The Toxic
Rel ease I nventory (TRI), which contains release information for 1987,
becanme available in May of 1989. This database will be updated yearly
and should provide a nore reliable estimte of industrial production and
em ssi on.

Envi ronmental Fate. Information on biodegradation in soil under
aerobic conditions exists, but degradation products were not identified.
Anaer obi ¢ bi odegradati on, as might occur in river bottoms and in
Superfund sites, has not been studied and woul d be val uabl e. Em ssions
fromwaste | agoons have been nodell ed and nmeasured in bench-top
experinents and are nmeasured as part of many Superfund Renedi al
I nvestigation/ Feasibility studies, but those were not |ocated.

Bi oavail ability from Environnmental Media. Chlorobenzene is
absorbed prinmarily follow ng inhalation of contanminated air. There is
al so sone potential for exposure fromwater and soil. Chlorobenzene has
been detected at |low levels in surface, ground, and drinking water, but
no i nformati on was found on levels in food. Since chlorobenzene binds
tightly to soil particles, skin contact with or ingestion of
contam nated soil may be an inportant source of exposure, particularly
in children living near hazardous waste sites. Additional studies would
be useful to determne if soil-bound chl orobenzene is bioavail abl e.

Food Chai n Bi oaccurul ation. No information is avail able regarding
bi omagni fication within aquatic or terrestrial food chains. Additional
studi es woul d be useful in assessing potential for human exposure to
chl or obenzene.

Exposure Levels in Environnmental Media. There are studies on
concentrations of chlorobenzene in air and water, but nmany of the
sanpl es nmeasured had low |l evels or did not have detectable |evels.
Addi ti onal studies using nore sensitive anal ytical nethods would be
useful .

Exposure Levels in Hurmans. Studi es have been conducted neasuring
chl or obenzene levels in drinking water and air (including indoor air).
Conflicting data on chl orobenzene air levels point to a need for
confirmati on and, possibly, validation of analytical nethods. Less
conflicting estimates of environmental enissions are the prerequisite
for any attenpt to prioritize control mneasures.

Exposure Registries. No exposure registries for chlorobenzene were
| ocated. This conpound is not currently one of the conpounds for which
a subregistry has been established in the National Exposure Registry.
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The conpound will be considered in the future when chenical selection is
made for subregistries to be established. The information that is
amassed in the National Exposure Registry facilitates the

epi dem ol ogi cal research needed to assess adverse health outcones that
may be related to the exposure to this conmpound.

5.7.2 On-going studies

Studies on the migration and in situ bi odegradation of
chl or obenzene in hazardous waste sites are being conducted in the
| aboratory of Perry McCarty and others.

As part of the Third National Health and Nutrition Eval uation
Survey (NHANES I11), the Environnental Health Laboratory Sciences
Di vision of the Center for Environnental Health and Injury Control,
Centers for Disease Control, will be anal yzing human bl ood sanples for
chl or obenzene and other volatile organi c conmpounds. These data will
give an indication of the frequency of occurrence and background | evel s
of these conmpounds in the general popul ation.
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The purpose of this chapter is to describe the anal ytical nethods
that are available for detecting and/or neasuring and nonitoring
chl or obenzene in environnental nedia and in biol ogical sanples. The
intent is not to provide an exhaustive list of analytical methods that
could be used to detect and quantify chl orobenzene. Rather, the
intention is to identify well-established nethods that are used as the
st andard net hods of analysis. Many of the anal ytical nethods used to
detect chl orobenzene in environnental sanples are nethods approved by
federal agencies such as EPA and the National Institute for Occupationa
Safety and Health (NIOSH). Orher nethods presented in this chapter are
those that are approved by a trade association such as the Association
of Oficial Analytical Chemists (AOCAC) and the Anerican Public Health
Association (APHA). Additionally, analytical nethods are included that
refine previously used nethods to obtain | ower detection limts, and/or
to inprove accuracy and precision.

6.1 Bl OLOG CAL MATERI ALS

Many of the considerations regarding the anal ysis of hal ogenated
al kanes and al kenes in biol ogical sanples (Fishbein 1985) simlarly
apply to the determ nati on of chl orobenzene in these sanples. Although
nost environnental ly significant hal ogenated al kanes and al kenes have
boi I i ng poi nts bel ow 100°C, chl orobenzene is relatively |less volatile
with a boiling point of 132°C. The water solubility (25°C) of
chl or obenzene is 472 ng/L, which is | ower than the water solubilities of
nmost environmental |y and toxicologically significant hal ogenated al kanes
and al kenes. Al ong with many hal ogenat ed al kanes and al kenes,
chl or obenzene is classified as a purgeabl e species for purge-and-trap
anal ysis (EPA 1982a, 1982b). Therefore, many of the approaches and
nmet hods used for the determination of hal ogenated al kanes and al kenes in
bi ol ogi cal sanpl es are applicable to chl orobenzene, although they have
not been validated as a sanpling nethod.

Because chl orobenzene is volatile, has linmted water solubility,
and has a noderate affinity for lipid tissue, chlorobenzene is easily
| ost from bi ol ogi cal sanples. Appropriate care nust be exercised in
handl i ng and storing such sanples for analysis of chlorobenzene.

The nmethods that generally are used to renove volatile organic
chem cal s (VOCs) from bi ol ogi cal sanples for analysis are applicable to
chl or obenzene. These include headspace anal ysis, purge-and-trap (gas
stripping) collection fromaqueous solutions or slurry sanples, solvent
extraction, and direct collection on resins. Headspace anal ysis offers
speed, sinplicity, and good reproducibility for a particular type of
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sanpl e. However, partitioning of the analyte between the headspace and
the sanmple matrix is dependent upon the nature of the matrix and nust be
determ ned separately for different kinds of matrices (Walters 1986).

Purge-and-trap collection is well suited to biological sanples that
are soluble in water and is readily adapted to biol ogical sanples from
t echni ques that have been devel oped for the anal ysis of hal ocarbons such
as chl orobenzene in water and wastewater. For water-insol uble
materials, the purge-and-trap approach is conplicated by the uncertainty
of partitioning the anal yte between sanmple slurry particles and water.

Honogeni zation of tissue with the extractant and |ysing of cells
i mproves extraction efficiency. Wien nmultiple anal ytes are determ ned
usi ng sol vent extraction, selective extraction and |oss of |ow boiling
compounds can cause errors. The commercial availability of highly
purified solvents has largely elimnated problens with sol vent
i mpurities, although high costs, solvent toxicities, and restrictions on
spent sol vent disposal nust be considered. Directly coupl ed
supercritical fluid extraction-gas chronatography has been used for the
determ nati on of polychlorinated bi phenyls (Hawt horne 1988) and shoul d
work well for the determ nation of chlorobenzene in biological sanples.

Anal ytical nethods for the deternination of chlorobenzene in
bi ol ogi cal sanples are given in Table 6-1.

6.2 ENVI RONMENTAL SAMPLES

Pur geabl e organi ¢ compounds such as chl orobenzene can be deterni ned
in water by the purge-and-trap technique. This nmethod consists of
bubbling inert gas through a small volunme of the sanple and coll ecting
the vapor in a trap packed with sorbent. The anal ytes are then renoved
fromthe trap by heating it and backfl ushing the anal ytes onto a gas
chr omat ographi ¢ colum. The two materials nmost widely used for
adsorption and thermal desorption of volatile organic conpounds
coll ected by the purge-and-trap techni que are Carbotrap® consi sting of
graphitized carbon bl ack, and Tenax® a porous polyner of 2,6-diphenyl -
pphenyl ene oxi de (Fabbri et al. 1987).



TABLE 6-1. Analytical Methods for Determining Chlorobenzene in Biological Materials

Sample
Detection
Sample Matrix Sample Preparation Analytical Method Limit Accuracy Reference
Breath, blood, Breath collected on Tenax, GC/MS No data No data Barkley et al.
urine blood and urine subjected to 1980
purge-and-trap, concentrated
on cryogenic capillary trap,
thermally removed to GC.
Fish tissue Grind with sodium sulfate, GC/ECD No data No data Oliver and
extract with hexane/acetone Nicol 1982a,
1982b
Adipose tissue Extraction, bulk lipid removal, HRGC/MS 0.1 uglg No data Mack and
Florisil fractionation Stanley 1984
Adipose tissue Heated dynamic headspace HRGC/MS 2 nglg No data Stanley 1986
purge-and-trap
Biofluids?® Dilute with water, sealed vial, GC/ECD No data No data Suitheimer
collection of headspace vapors et al. 1982
Blood, tissue Macerate tissue in water, warm GC/MS 3 ng/mL No data Pellizzari
blood or tissue, pass inert gas blood et al. 1985
through, trap on Tenax, 6 ngl/g
thermal desorption tissue

9
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2 Among the compounds for which this method was used are benzene, m-xylene, carbon tetrachloride and chloroform. The method can
be adapted to chlorobenzene although the procedures do not list this compound specifically as an analyte.

GC = gas chromatography; MS = mass spectrometry; ECD = electron capture detector; HRGC = High Resolution Gas Chromatography:
pglg = microgram per gram; ng/g = nanogram per gram.
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The introduction of capillary colum chronatography has narkedly
i nproved both the sensitivity and resol ution of gas chromat ographic
anal ysi s of environnmental sanples such as chl orobenzene. Because of the
very small quantities of sanple required, capillary colum chromatography
has made sanple delivery nore difficult. One of the nore
prom si ng approaches to sanple introduction using capillary colums with
purge-and-trap collection is the use of cryofocussing. Basically, this
procedure consists of collecting purged analyte on a short section of
the capillary colum cooled to a | ow tenperature (e.g., -100°C)
tenperature, followed by heating and backfl ushing of the sanple onto the
anal yti cal colum. Chl orobenzene has been determned in water by this
nmet hod (Washal |l and Wanpl er 1988).

Chl orobenzene can be renoved fromwater by adsorption on synthetic
pol yners contained in cartridges, followed by thermal desorption of
anal yte (Pankow et al. 1988). Anong the products used for this purpose
are Tenax-GC® and Tenax- TA®.

Anal ytical nethods for the determi nation of chlorobenzene in
environnmental sanples are given in Table 6-2.

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Admi nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of chlorobenzene is avail able. Where adequate
information is not available, ATSDR, in conjunction with the NTP, is
required to assure the initiation of a program of research designed to
determine the health effects (and techni ques for devel opi ng nmethods to
determ ne such health effects) of chlorobenzene.

The followi ng categories of possible data needs have been
identified by a joint team of scientists from ATSDR, NTP, and EPA. They
are defined as substance-specific informational needs that, if net would
reduce or elimnate the uncertainties of human health assessnent. In
the future, the identified data needs will be evaluated and prioritized,
and a substance-specific research agenda will be proposed.



TABLE 6-2. Analytical Methods for Determining Chlorobenzene in Environmental Samples

Sample
Detection
Sample Matrix Sample Preparation Analytical Method Limit Accuracy References
Air Collect on Tenax GC, thermal GC/MS 0.47 parts No data Krost et al. 1982
desorption, cryogenic collection per trillion
on a capillary trap, thermal
transfer to GC
Air Coconut shell charcoal sorption, GC/FID 10 ug per No data NIOSH 1984
carbon disulfide desorption sample
Water Purge-and-trap GC/HSD 0.25 ug/L No data EPA 1982a
Water Purge-and-trap GC/Ms 0.2 ugl/L No data EPA 1982b
Water Purge-and-trap GC/MS 6.0 ug/L No data EPA 1982¢
Water Sorption on small dead volume HRGC/MS No data No data Pankow et al. 1988
Tenax cartridges, thermal
desorption
Contaminated Purge-and-trap GC/HSD 300 wgl/kg No data EPA 1986a
soil
Wastes (non- Purge-and-trap GC/MS 250 uglkg No data EPA 1986b
water miscible)
and soil
Wastes (water Purge-and-trap GC/MS 250-2500 No data EPA 1986¢
miscible pelkg
and non-water
miscible) and
soil
GC = gas chromatography; MS = mass spectrometry; FID = flame ionization detector; ug = microgram; HSD = halide specific detector;

L = liter; HRGC = high resolution gas chromatography; kg = kilogram.

9
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6.3.1 ldentification of Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect.
Excel l ent sensitive and sel ective nethods are available for the
qualitative and quantitative nmeasurenment of the parent conpound,
chl or obenzene after it is separated fromits sanple matrix. Methods
need to be validated for chlorobenzene.

Further studies on the transfer analytes that have been purged or
extracted froma biological or environmental sanple quantitatively and
in a narrow band to the capillary GC woul d better characterize exposure.
| mprovenents in cryofocussing of VOC anal ytes for capillary GC
determ nation of VOCs (Washall and Wanpl er 1988) shoul d i nprove
sensitivity for the determ nation of chlorobenzene.

Met abol i tes of chl orobenzene in biological materials cannot be
determined in routine practice because of the lack of standard nethods
for measuring these netabolites. Further research on supercritical
fluid (SCF) extraction holds great promise for neeting the goals of
quantitative, rapid, easily perforned, |ow cost, and safe procedures for
the determ nati on of nonpol ar organic anal ytes such as chl orobenzene in
bi ol ogi cal sanpl es.

Central nervous system liver, and kidney injuries are characteristic
bi omarkers for effects of chl orobenzene intoxication. Since the effects
are indicative of exposure to many ot her toxicants, nethods are needed
for nore specific biomarkers.

Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronmental Media. Methods for determ ning the parent conpound,
chl or obenzene, in water, air, and waste sanples with excellent
selectivity and sensitivity are highly devel oped, thus the database in
this area is good and undergoi ng constant inprovenent.

Means to neasure organohal i des such as chl orobenzene in situ in
wat er and ot her environnental nedia could contribute to environnental
studi es of this conpound.

Degradati on products of chl orobenzene in environnmental nedia are
difficult to determine. This difficulty is not so nuch an anal ytica
problemas it is a problem of knowi ng the fundanmental environnental
chem stry of these conmpounds in water, soil, air, and biol ogical
syst ens.
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6.3.2 On-going Studies

Research is ongoing to develop a "Master Analytical Scheme" for
organi ¢ conpounds in water (M chael et al. 1988), which includes
chl or obenzene as an analyte. The overall goal is to detect and
guantitatively measure organi c conpounds at 0.1 pg/L in drinking water,
1 pug/L in surface waters, and 10 ug/L in effluent waters. Analytes are
to include nunmerous sem volatile conpounds and sone conpounds that are
only "sem -soluble” in water, as well as volatile conpounds
(bp < 150°C).

The Environnental Health Laboratory Sciences Division of the Center
for Environnental Health and Injury Control, Centers for D sease
Control, is devel oping nethods for the anal ysis of chlorobenzene and
other volatile organic conmpounds in blood. These nethods use purge and
trap and nmagnetic nmass sector spectronetry which gives detection limts
inthe low parts per trillion range.
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Because of its potential to cause adverse health effects in exposed
peopl e, a nunber of regulations and advi sories have been established for
chl or obenzene by various national and state agencies. These val ues are
sumarized in Table 7-1.
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TABLE 7-1. Regulations and Guidelines Applicable to Chlorobenzene
Agency Description Value Reference
National
Regulations:
a. Air:
OSHA PEL TWA 75 ppm OSHA 1989
(350 mg/m3) (29 CFR 1910.1000,
Table Z-1-A)
b. Water:
EPA ODW Monitoring required for NA EPA 1987a, (40 CFR
unregulated contaminants 141.40)
MCL (Proposed) 0.1 mg/L EPA 1989c¢
EPA OWRS General permits under NPDES NA 40 CFR 122,
(Appendix D,
Table II)
Criteria and Standards for the NPDES NA 40 CFR 125
General pretreatment regulations for NA 40 CFR 403
existing and new sources of pollution
Hazardous substance NA EPA 1985b, (40 CFR
116)
Reportable quantity 100 1b 40 CFR 117.3
c¢. Nonspecific media:
EPA OERR Reportable quantity 100 1b EPA 1985b, (40 CFR
302.4)
EPA OSW Hazardous waste constituent NA EPA 1980b, (40 CFR
(Appendix VIII) 261)
Groundwater monitoring list NA EPA 1987b, (40 CFR
(Appendix IX) 264)
Restriction on land disposal NA EPA 1988b, 1989c,
(40 CFR 268)
EPA OTS Preliminary assessment information rule NA EPA 1982d, (40 CFR
712)
Health and safety data reporting rule NA EPA 1988c¢, (40 CFR
716.120)
Final test rule NA EPA 1986e, (40 CFR
799.105)
Toxic chemical release reporting NA EPA 1988c, (40 CFR
372)
Guidelines:
a. Air:
ACGIH TLV TWA 75 ppm ACGIH 1986
(350 mglm3)
NIOSH IDLH 2400 ppm NIOSH 1985
b. Water:
EPA ODW MCLG (proposed) 0.1 mg/L EPA 1989c
Health advisories
1 day 2 mg/L EPA 1987c¢
10 days 2 mg/L



65

7. REGULATIONS AND ADVISORIES

TABLE 7-1 - (Continued)

Agency Description Value Reference

Longer term

child 2 mg/L
adult 7 mg/L
Lifetime 100 mg/L
EPA OWRS Ambient water quality criteria
Ingesting water and organisms 4.88x10"1 mg/L EPA 1980b
c. Other:
EPA Carcinogenic classification Group D* EPA 1987c¢
Oral RfD 2x10"2 mg/kg/day IRIS 1989
State
Regulations:
a. Air: Acceptable ambient air concentration NATICH 1988
Connecticut 7000 pg/m3 (8 hr)
Florida-Tampa 3500 pg/m> (8 hr)
Massachusetts 6.3 ug/m3 (24 hr)
Nevada 8.333 pg/m3 (8 hr)
New York 1167.0 pg/m3 (1 yr)
North Carolina 2200 pg/m3 (24 hr)
North Dakota 3500 pg/m3 (8 hr)
Virginia 6000 pg/m3 (24 hr)
b. Water: Drinking water FSTRAC 1988
Arizona 60 pg/L
California 30 ug/L
Kansas 60 pg/L
Maine 47 pgl/L
Minnesota 60 pg/L
New Jersey 2 pgl/L
Vermont 600 pg/L
Wisconsin 600 pg/L

3 Group D: Not classifiable as to human carcinogenicity: Inadequate human and animal evidence of
carcinogenicity.

OSHA = Occupational Safety and Health Administration; PEL = Permissible Exposure Limit; TWA = Time-Weighted
Average; EPA = Environmental Protectlion Agency; ODW = Office of Drinking Water; NA = Not Applicable; MCL =
Maximum Contaminant Level; OWRS = Office of Water Regulations and Standards; NPDES = National Pollutant
Discharge Elimination System; OERR = Office of Emergency and Remedial Response; OSW = Office of Solid Wastes;
OTS = Office of Toxic Substances; ACGIH = American Conference of Governmental Industrial Hygienists; TLV =
Threshold Limit Value; NIOSH = National Institute for Occupational Safety and Health; IDLE = Immediately
Dangerous to Life or Health Level; MCLG = Maximum Contaminant Level Goal; RfD = Reference dose.






67
8. REFERENCES

* AC@H 1986. Docunentation of the threshold limt val ues and
bi ol ogi cal exposure indices. 5th ed. Anerican Conference of
Governmental Industrial Hygienists, Inc. G ncinnati, OH

Bachmann A, Walet P, Wjnen P, et al. 1988. Biodegradati on of al phaand
bet a- hexachl or ocycl ohexane in a soil slurry under different redox
condi tions. Appl Environ M crobial 54:143-149.

Baker MI, Nelson RM Van Dyke RA. 1985. The formation of chl orobenzene
and benzene by the reductive netabolismof lindane in rat liver
m crosonmes. Arch Bi ochem Bi ophys 236: 506- 514.

* Barkley J, Bunch J, Bursey JT, et al. 1980. Gas chronat ography nass
spectronetry conputer analysis of volatile hal ogenated hydrocarbons in
man and his environnent - a multinmedia environnental study. Bioned Mass
Spectrom 7: 139-147.

*Barnes D, Bellin J, DeRosa C et al. 1987. Reference dose (RfD)
Description and use in health risk assessnents. Vol. |, Appendix A
Integrated risk informati on system supportive docunentation. Bel anger
PL. 1986. Health hazard eval uation report: HETA 86-339-1741

Washi ngton, DC. U.S. Environnental Protection Agency, Ofice of Health
and Environmental Assessnent. EPA/ 600/ 8-86/032a.

Bonnet P, Morele Y, Raoult G et al. 1982. Determ nation of the nedian
| ethal concentration of the nain aromatic hydrocarbons in the rat. Arch
Mal Prof 43:261-265. [French]

Bouwer EJ, McCarty PL. 1982. Renoval of trace chlorinated organic
conmpounds by activated carbon and fixed-film bacteria. Environ Sci
Technol 16: 836- 843.

Bouwer EJ, McCarty PL. 1983. Transformati ons of hal ogenated organic
compounds under denitrification conditions. Appl Environ M crobia
45:1295-1299.

Bouwer EJ, McCarty PL. 1984. Mbdeling of trace organics
bi otransformati on in the subsurface. G ound Water 22: 433-440.

*= Cited in text



68
8. REFERENCES

Bozzel li JW Kebbekus BB, Greenberg A 1980. Analysis of selected

toxi ¢ and carcinogeni c substances in anbient air in New Jersey.
Trenton, NJ: New Jersey Departnent of Environnental Protection, Ofice
of Cancer and Toxi c Substances Research.

* Brodzinsky R, Singh HB. 1983. Volatile organic chemicals in the

at nosphere: An assessnent of avail able data. Research Triangle Park,
NC. U. S. Environnmental Protection Agency, Ofice of Research and
Devel opnment. EPA- 600/ 3- 83- 027a.

Call ahan MA, Slinmak MV Gabel NW et al. 1979. Water-rel ated
environmental fate of 129 priority pollutants. Volume 1: Introduction
and techni cal background, netals, and inorganics, pesticides and PCBs.
Washi ngton, DC. U. S. Environnental Protection Agency, Ofice of Water
and Waste Managenent. EPA-440/4-79-029a.

Chanbers CW Tabak HH, Kabler PW 1963. Degradation of aromatic
conmpounds by phenol - adapt ed bacteria. J Water Pollut Control Fed
35:1517- 1528.

Chiou CT. 1985. Partition of coefficients of organic compounds in
lipid-water systens and correlations with fish bioconcentration factors.
Environ Sci Technol 19:57-62.

Chiou CT, Porter PE, Schrmedding DW 1983. Partition equilibria of
noni oni ¢ organi ¢ conpounds between soil organic natter and water.
Environ Sci Technol 17:227-231.

Chrostek W, Thoburn TW 1976. Health hazard eval uati on determni nation.
Ceneral Electric Conpany, Silicone Products Departnent, Waterford, New
York. Cincinnati, OH4 U S. Departnent of Health, Education, and

Wel fare. National Institute for Qccupational Safety and Heal th. Report
No. 74-107-279.

* Clark CS, Meyer CR, Gartside PS, et al. 1982. An environnental health
survey of drinking water contam nation by | eachate froma pesticide
wast e dunp in Hardeman County, Tennessee. Arch Environ Health 37:9-18.

CLC. 1988. Coordinated List of Chem cals. U 'S. Environnental
Protecti on Agency, Ofice of Research and Devel opnent, Washi ngton, DC.

* CLPSD. 1988. Contract Laboratory Program Statistical Database. Viar
and Conpany, Managenent Services Division, Al exandria, VA Decenber
1988.

Cohen J. 1979. Monochl or obenzene survey report, Mnsanto Chem cal
I ntermedi ates Conpany, WG Krunrich Plant, Sauget, IL. Cncinnati, OH:
Nati onal Institute for Occupational Safety and Heal t h.



69
8. REFERENCES

Cohen JM 1979. Mnochl orobenzene Survey Report, Montrose Chenica
Corporation, Henderson, NV. Cincinnati, OH National Institute for
Cccupational Safety and Healt h.

* Cohen JM Dawson R, Koketsu M 1981. Extent-of-exposure survey of
nonochl or obenzene. Cincinnati, OH National Institute for COccupationa
Safety and Health, Division of Surveillance, Hazard Eval uation, and
Field Studies. NTIS PB-183963.

Col eman VE, Lingg RD, Melton RG et al. 1975. The occurrence of

vol atile organics in five drinking water supplies using gas

chr omat ogr aphy/ mass spectronetry. In: Keith LH, ed: Identification
and anal ysis of organic pollutants in water. Ann Arbor, M: Ann Arbor
Sci ence Publishers Inc., 305-327.

Dalich GV Larson RE. 1985. Tenporal and dose-response features of
nmonochl or obenzene hepatotoxicity in rats. Fundam Appl Toxicol 5:105-
116.

* Dilley JV. 1977. Toxic evaluation of inhaled chlorobenzene
(rmonochl or obenzene). Cincinnati, OH National Institute of
Cccupational Safety and Health, Division of Bionmedical and Behavi oral
Sci ences. NTI'S No. PB-276623.

* Dilling W.,, Bredeweg CJ, Tefertiller NB. 1976. Organic photochem stry:
Si mul at ed at nospheri ¢ phot odeconposition rates of methyl ene chloride,
1,1, 1-trichl oroethane, trichloroethyl ene, tetrachl oroethyl ene, and ot her
compounds. Environ Sci Technol 10: 351- 356.

Dorigan J, Fuller B, Duffy R 1976. Prelininary scoring of organic air
pol lutants: chem stry, production and toxicity of selected synthetic
organic chemcals (chemcals A-C): Appendix |I. Research Triangle

Park, NC. U. S. Environmental Protection Agency, Ofice of Air Quality
Pl anni ng and St andards. EPA-450/3-77-008b. NTIS No. PB-264443.

Eder G Ernst W Goerke H, et al. 1981. Organochl orine residues
anal yzed in invertebrates of the Dutch Wadden Sea by two net hods.
Net her | ands, Journal of Sea Research 15: 78-87.

Ei senreich SJ, Looney BB, Thornton JD. 1981. Airborne organic
contam nants in the Great Lakes ecosystem Environ Sci Technol
15: 30- 38.



70
8. REFERENCES

EMCO H gh Vol tage Conpany, Sutter Creek, California. G ncinnati, OH
U. S. Departnent of Health and Human Servi ces, Pubic Health Service,
Centers for Disease Control, National Institute for Occupational Safety
and Health. NTI'S No. PB87-174140.

* EPA. 1980a. TSCA chemi cal assessnent series, assessnment of testing
needs: chlorinated benzenes, support docunent for proposed health
effects test rule. Washington, DC. U S. Environnental Protection
Agency. EPA 560/ 11-80-014. NTI'S No. PB80-220296.

* EPA. 1980b. U.S. Environnental Protection Agency. Federal Register
45: 33084- 33133.

* EPA. 198Cc. Anbient water quality criteria for: Chlorinated benzenes.
Washi ngton, DC. U.S. Environnental Protection Agency, Ofice of Water
Regul ati ons and Standards. EPA-440/5-80-028. NTI'S No. PB81-117392.

* EPA. 1982a. Test nethod: Purgeabl e hal ocarbons - nethod 601. In:
Longbott om JE, Lichtenberg JJ, eds. Methods for organic chem ca

anal ysis of municipal and industrial wastewater. Ci ncinnati, OH U S.
Envi ronnmental Protection Agency, Environnmental Mnitoring and Support
Laboratory. EPA-600/4-82-057.

* EPA. 1982b. Test nethod: Purgeable aromatics - nethod 602. In:
Longbott om JE, Lichtenberg JJ, eds. Methods for organic chem ca

anal ysis of municipal and industrial wastewater. Cincinnati, OH U S.
Envi ronment al Protection Agency, Environnmental Mnitoring and Support
Laboratory. EPA-600/4-82-057.

* EPA. 1982c. Test nmethod: Purgeables - nmethod 624. In: Longbottom
JE, Lichtenberg JJ, eds. Methods for organic chenical anal yses of
muni ci pal and industrial wastewater. Cincinnati, OH U S.

Envi ronmental Protection Agency, Environnmental Mnitoring and Support
Laboratory. EPA-600/4-82-057.

* EPA. 1982d. U.S. Environnental Protection Agency. Federal Register
47:26992- 27008.

EPA. 1983a. Reportable quantity docunent for nonochl orobenzene.
External review draft. Cincinnati, OH U.S. Environnental Protection
Agency, Environnental Criteria and Assessnent O fice. ECAO Cl N-R157.

EPA. 198323. Treatability manual: Volune |. Treatability data.
Washi ngton, DC. U. S. Environnental Protection Agency, Ofice of
Research and Devel opnent. EPA-600/2-82-00l a.



71
8. REFERENCES

EPA. 1984. Health effects assessnment for chl orobenzene. C ncinnati,
OH U. S. Environnental Protection Agency, O fice of Research and
Devel opnment. EPA/540/i-86/040. NTIS No. PB86-134517.

*EPA. 1985a. Health assessnent docunent for chlorinated benzenes:
Final Report. Cincinnati, OH4 U S. Environnmental Protection Agency,
O fice of Research and Devel opnent. EPA/ 600/ 8- 84/ 015F.

*EPA. 1985b. U. S. Environmental Protection Agency. Part I1l. Federal
Regi ster. 50:13456- 13522.

*EPA. 1985c. U. S. Environnental Protection Agency: Part |V. Federal
Regi ster. 50:46936-47022.

*EPA. 1985d. Drinking water criteria docunent for chlorobenzene.
Washi ngton, DC. U.S. Environnental Protection Agency, Ofice of
Drinking Water. NTI'S No. PB86-117769.

*EPA. 1986a. Reference values for risk assessnent. Final draft.
Cincinnati, OH U S. Environmental Protection Agency, Ofice of Solid
Wast e. ECAO-CI N-477.

*EPA. 1986b. Method 8010: Hal ogenated vol atile organics. In: Test
nmet hods for evaluating solid waste. 3rd ed. SW846. Washi ngton, DC
U S. Environnental Protection Agency, Ofice of Solid Waste and
Emer gency Response.

*EPA. 1986c. Method 8020: Aromatic volatile organics. In: Test

nmet hods for evaluating solid waste. 3rd ed. SW846. Washi ngton, DC:
U S. Environnental Protection Agency, Ofice of Solid Waste and
Enmer gency Response.

*EPA. 1986d. Met hod 8240: Gas chromat ography/ mass spectronetry for
vol atile organics. In: Test nethods for evaluating solid waste.

3rd ed. SW846. Washington, DC. U S. Environnmental Protection Agency,
Ofice of Solid Waste and Energency Response.

*EPA. 1986e. U. S. Environnental Protection Agency. Federal Register.
51: 24657- 24667.

EPA. 1987. Toxic air pollutant/source crosswal k: A screening tool for
| ocating possible sources emtting toxic air pollutants. Research
Triangle Park, NC. U S. Environmental Protection Agency, Ofice of Ar
Quality Planning and Standards. EPA-450/4-87-023a.

*EPA. 1987a. U.S. Environmental Protection Agency: Part I1l. Federal
Regi ster. 52:25690-25717.



72
8. REFERENCES

*EPA. 1987b. U.S. Environnmental Protection Agency: Part Il. Federa
Regi ster. 52:25942-25953.

*EPA. 1987c. Chl orobenzene. Health advisory. Washington, DC. U.S.
Envi ronnmental Protection Agency, Ofice of Drinking Water.

EPA. 1988a. U.S. Environmental Protection Agency: Part |l. Federa
Regi ster. 53:31138-31222.

*EPA. 1988b. U.S. Environmental Protection Agency: Part V. Federal
Regi ster. 53: 38642- 38654.

*EPA. 1988c. U. S. Environnmental Protection Agency: Part Il. Federa
Regi ster. 53:4500-4539.

*EPA. 1989a. Interim Methods for Devel opnent of Inhal ati on References
Doses. U.S. Environmental Protection Agency, Ofice of Health and
Envi ronnment al Assessment. Washi ngton, DC. EPA 600/ 8- 88/ 066F.

*EPA. 1989b. U. S. Environmental Protection Agency: Part Il. Federa
Regi ster. 54:1056-1119.

*EPA. 1989c. U. S. Environnental Protection Agency: Part |1. Federa
Regi ster. 54:22062-22160.

Ewi ng BB, Chian ES, Cook JC, et al. 1977. Monitoring to detect
previously unrecogni zed pollutants in surface waters - Appendi x:
Organi ¢ anal ysis data. Washington, DC. U S. Environnmental Protection
Agency, O fice of Toxic Substances. EPA-560/677-015A. NTIS

No. PB273350.

EXI CHEM Dat a Base. 1988. (Organi zati on for Econom c Cooperation and
Devel opnent .

*Fabbri A, Crescentini G Mngani F, et al. 1987. Advances in the
determ nation of volatile organic solvents and ot her organic pollutants
by gas chromat ography with thermal desorption sanpling and injection.
Chr omat ogr aphi a 23: 856- 860.

*Fishbein L. 1985. A survey of the analysis of hal ogenated al kanes and
al kenes in biological sanples. Chap. 7. In: Fishbein L, ONeill IK
eds. Environnental carcinogens sel ected net hods of analysis. Vol. 7 -
Some vol atil e hal ogent ated hydrocarbons. Publication No. 68,

I nternational Agency for Research on Cancer (1ARC), Lyon France, 141-
168.



73
8. REFERENCES

* FSTRAC. 1988. Sunmmary of state and federal drinking water standards
and gui del i nes. Washi ngton, DC. Federal -State Toxicol ogy and
Regul atory Alliance Comm ttee, Chemi cal Communication Subconmmittee.

* Grrison AW Hill DW 1972. Organic pollutants frommll persist in
downstream waters. Am Dyestuff Rep 21-25.

Ghess MJ, W1l bourn J, Tossavainen A, et al. 1986. |Information bull et
on the survey of chem cals being tested for carcinogenicity. No. 12.
June 1986. Lyon, France: International Agency for Research on Cancer
4,218.

Grard R, Tolot F, Martin P, et al. 1969. [Serious blood disorders and
exposure to chlorine derivatives of benzene (a report of seven cases).]
J Med Lyon 50: 771-773. (French)

ol dstein JA Linko P, Hahn Mg, et al. 1986. Structure-activity
rel ationshi ps of chlorinated benzenes as inducers of hepatic cytochrone
P- 450 isozynes in the rat. | ARC Sci Publ 77:519-526.

Hai der K, Jagnow G, Kohnen R, et al. 1974. [Degradation of chlorinated
benzenes, phenols and cycl ohexane derivatives by benzene and phenol
utilizing soil bacteria under aerobic conditions.] Arch Mcrobia

96: 183-200. (CGernan)

*Harkov R, G anti SJ Jr., Bozzelli JW et al. 1985. Mnitoring volatile
organi ¢ conpounds at hazardous and sanitary landfills in New Jersey. J
Environ Sci Health A20:491-501

* Haworth S, Lawor T, Mirrtelmans K, et al. 1983. Sal nonella nutagenicity
test results for 250 chenicals. Environ Mitagen [ Suppl 1]: 3-142.

* Hawt horne SB. 1988. 1988 wor kshop on supercritical fluid
chr omat ogr aphy. American Laboratory August: 6-8.

* Hazl eton Laboratories. 1967. Three-nonth subacute oral study--rats:
Monochl or obenzene. Final Report. Subnmitted to Monsanto Conpany.
Project No. 241-104. March 9.

Hol i ngsworth RL, Rowe VK, Oyen F, et al. 1956. Toxicity of
par adi chl or obenzene: Determ nations on experinmental animls and human
subjects. AMA Arch Ind Health 14: 138-147.

* HSDB. 1988. Hazardous Substances Data Bank. National Library of
Medi ci ne, National Toxicology Information Program Bethesda, MD.
Decenber 1988.



74
8. REFERENCES

* Hughes CS, Cox W Kanmatari 0. 1983. CEH product review.
Chl orobenzenes. I n: Chemni cal econom cs handbook. Menlo Park, CA: SR
I nt ernati onal

* I ndustrial Biotest Laboratory. 1977. Teratogenic study with
nonochl orobenzene in albino rats. Report to Mdnsanto Conpany,
St. Louis, MO

Industrial Biotest Laboratory. 1978. 90-Day subacute vapor inhal ation
toxicity study with nonochl orobenzene, |ot no. 616 in beagl e dogs and
al bino rats. Report to Monsanto Chem cal Conpany, St. Louis, MO

* |RIS. 1989. Integrated Risk Information System U.S. Environnental
Protection Agency, Washington, DC. August 1989.

* |rish DD. 1963. Hal ogenated hydrocarbons. Il. Cyclic. In: Patty FA,
ed. Industrial hygiene and toxicology. Vol 2. 2nd ed., New York, NY
John Wl ey and Sons, 1333.

| RPTC. 1989. | RPTC data profile: Chlorobenzene. Internationa
Regi ster of Potentially Toxic Chemicals, United Nations Environnment
Programre. Geneva, Switzerl and.

* John JA, Hayes WC, Hanley TR Jr, et al. 1984. Inhal ation teratol ogy
study on nonochl orobenzene in rats and rabbits. Toxicol Appl Pharnacol
76: 365- 373.

Khani n, AC. 1969. [Hi stopathol ogical changes in the central nervous
system and internal organs of experinmental aninmals after chronic 24-hour
i nhal ati on of toxic substances.] Tr Tsent Inst Vsoversh Vrachei 135:97-
106 (Russian).

Khanno S, Nojima S. 1979. Studies on photochenistry of aromatic
hydr ocar bons. V. Photochenical reaction of chl orobenzene with nitrogen
oxides in air. Chenosphere 8:225-232.

Kluwe WM Dill G Persing R et al. 1985. Toxic responses to acute,
subchronic, and chronic oral adm ni strati ons of nonochl orobenzene to
rodents. J Toxicol Environ Health 15:745-767.

Knapp WK Jr, Busey WM Kundzins W 1971. Subacute oral toxicity of
nonochl or obenzene in dogs and rats. Toxicol Appl Pharnacol 19:393.

Korte F, Klein W 1982. Degradation of benzene in the environnment.
Ecot oxi col Environ Safety 6:311-327.

* Krost KJ, Pellizzari ED, Walburn SG et al. 1982. Collection and
anal ysi s of hazardous organic enissions. Anal Chem 54:810-817.



75
8. REFERENCES

Lawl or T, Haworth SR, Voytek P. 1979. Evaluation of the genetic
activity of nine chlorinated phenols, seven chlorinated benzenes, and
three chlorinated hexanes. Environ Mitagen 1:143.

*Li ndsay-Smith JR Shaw BAJ, Foul kes DM 1972. Mechani snms of manmmal i an
hydr oxyl ati on: Sone novel netabolites of chl orobenzene. Xenobiotica
2: 215- 226.

*Mabey WR, Smith JH, Podoll RT, et al. 1982. Aquatic fate process data
for organic priority pollutants. Washington, DC. U S. Environnental
Protecti on Agency, Ofice of Water Regul ations and Standards. EPA
440/ 4- 81- 014.

*Mack GA, Stanley J. 1984. Program strategy for the National Human
Adi pose Tissue Survey. Washington, DC. U. S. Environnental Protection
Agency, Ofice of Toxic Substances.

Mackay D, Shiu WY, Sutherland RP. 1979. Deternination of air-water
Henry's |l aw constants for hydrophobic pollutants. Environ Sci Techno
13: 333- 337.

Mackay D, Bobra A, Shiu WY. 1980. Rel ati onshi ps between aqueous
solubility and octanol -water partition coefficients. Chenosphere 9:701-
711.

Mackay D, Yeun AT. 1983. Mass transfer coefficient correlations for
vol atilization of organic solutes fromwater. Environ Sci Techno
17:211-217.

McNabb JF, Smith BH, WIlson JT. 1981. Bi odegradation of toluene and

chl or obenzene in soil and groundwater [Abstract]. Proceedings of the
81st Annual Meeting of the Anmerican Society of M crobiology, March | -6,
213.

*M chael LC, Pellizzari ED, Wseman RW 1988. Devel oprment and
eval uation of a procedure for deternmining volatile organics in water.
Environ Sci Technol 22:565-570.

*Moht asham pur E, Triebel R Straeter H, et al. 1987. The bone marrow
clastogenicity of eight hal ogenated benzenes in nmale NVRI mice.
Mut agenesi s 2:111-113.

*Nair RS, Barter JA, Schroeder RE, et al. 1987. A two generation
reproduction study w th nonochl orobenzene vapor in rats. Fundam Appl
Toxi col 9:678-686.



76
8. REFERENCES

* NAS/ NRC. 1989. Biologic markers in reproductive toxicology. National
Acadeny of Sciences/National Research Council. Washington, DC. Nationa
Acadeny Press, 15-35.

* NATI CH. 1988. NATICH data base report on state, local and EPA air
toxics activities. Research Triangle Park, NC. U S. Environnental
Protection Agency, Ofice of Air Quality Planning and Standards,
National Air Toxics Infornmation Cl earinghouse. EPA-450/5-88-007. NTIS
No. PB89-106983.

Neptune D. 1980. Descriptive statistic for detected priority

pol lutants and tabul ation listings. Washington, DC. U S. Environnental
Protecti on Agency, Ofice of Water Regul ations and Standards. TRDB-
0280- 001

* NIOSH. 1984 o Hydrocarbons, hal ogenat ed-met hod 1003. NI OSH manual of
anal ytical nethods. 3rd ed. (2nd supplenent). G ncinnati, OH

National Institute for Occupational Safety and Health, N OSH Publication
No. 84-100, 1003-1-1003-9.

* NIOSH. 1985. NI OSH pocket guide to chemical hazards. Washi ngton, DC
U S. Departnment of Health and Human Services, Public Health Service,
Centers for Disease Control, National Institute for Occupational Safety
and Health. DHHS (NI OSH) Publication No. 85-114.

NI OSH. 1988. National occupational hazard survey. Cncinnati, OH
Nati onal Institute for Occupational Safety and Heal t h.

NI OSH. 1988. National occupational exposure survey. C ncinnati, OH
Nati onal Institute for Cccupational Safety and Heal t h.

* NLM 1988. Chemline. National Library of Medicine, Bethesda, MD.
Decenber 1988.

* NTP. 1982. Miutagenicity testing of chlorobenzene. Environnental

Mut agen Test Devel opnment Program Research Triangle Park, NC. U S.
Departnment of Health and Human Services, Public Health Service, National
Institutes of Health, National Toxicol ogy Program (Appendix K in NTP
1985).

* NTP. 1985. Toxicol ogy and carci nogenesi s studi es of chl orobenzene (CAS
No. 108-90-70) in F344/N rats and B6C3F m ce (gavage studies).

Technical report series No. 261. Research Triangle Park, NC U S.
Departnment of Health and Human Services, Public Health Service, National
Institutes of Health, National Toxicology Program N H Publication

No. 86-2517.



77
8. REFERENCES

* QCesch F, Jerina DM Daly JW et al. 1973. Induction, activation and

i nhibition of epoxide hydrase: An anonyl ous prevention of chl orobenzene
- induced hepatotoxicity by an inhibitor of epoxide hydrase. Chem Bi ol

I nteract 6:189-202.

* Ogata M Shimada Y. 1983. Differences in urinary nonochl orobenzene
net abol i tes between rats and humans. Int Arch Occup Environ Health
53: 51-57.

Ohio River Valley Water Sanitation Conmi ssion. 1979. Water treatnent
process nodifications for trihal omethane control and organi c substances
in the Chio River. Cincinnati, OH Chio River Valley Water Sanitation
Conmmi ssi on.

Aiver BG N col KD 1982a. Chlorobenzenes in sedinents, water, and
selected fish from Lakes Superior, Huron, Erie, and Ontario. Environ
Sci Technol 16:532-536.

* Oiver BG N col KD. 1982b. Gas chromat ographi c determ nation of
chl orobenzenes and ot her chlorinated hydrocarbons in environnental
sanpl es using fused silica capillary colums. Chromatographia 16: 336-
340.

Aiver BG Nim AJ. 1983. Bioconcentration of chlorobenzenes from
wat er by rainbow trout: Correlations with partition coefficients and
envi ronnental residues. Environ Sci Technol 17:287-291.

* OSHA. 1989. COccupational Safety and Health Administration: Part I11.
Federal Register 54:2332-2983.

* Pankow, JF, Ligocki MP, Rosen ME, et al. 1988. Adsorption/thermal
desorption with small cartridges for the determ nation of trace agueous
sem vol atil e organi c conmpounds. Anal Chem 60: 40-47.

* Pellizzari ED. 1978a. Measurenment of carcinogenic vapors in ambient
at nospheres. Research Triangle Park, NC. U S. Environnmental Protection
Agency, O fice of Research and Devel opnent. EPA-600/7-78-062.

Pel lizzari ED. 1978b. Quantification of chlorinated hydrocarbons in
previously collected air sanples. Research Triangle Park, NC U.S.
Envi ronmental Protection Agency, Ofice of Air Quality Planning and
St andar ds. EPA- 450/ 3-78-112.

Pellizzari ED, Hartwell TD, Zelon HS, et al. 1979. A prelimnary
assessnment of hal ogenated organi c compounds in man and environnent al
media - Part |. Washington, DC. U S. Environnental Protection Agency,
O fice of Toxic Substances.



78
8. REFERENCES

* Pellizzari ED, Sheldon LS, Bursey JT. 1985. GC/ M5 determination of
vol atil e hal ocarbons in blood and ti ssue. Method 25. In: Fishbein L,
O Neill 1K eds. Environmental carcinogens-selected nethods of

anal ysis. Vol 7 - Sone volatile hal ogenat ed hydrocarbons. Publication
No. 68, International Agency for Research on Cancer, Lyon France, 435-
444,

* Perry DL, Chuang CC, Jungclaus GA, et al. 1979. ldentification of
organi ¢ conpounds in industrial effluent discharges. Athens, GA: U S
Envi ronmental Protection Agency, Ofice of Research and Devel opnent.
EPA- 600/ 4- 79- 016.

PHRED. 1988. Public Health Ri sk Eval uati on Database. U.S.
Envi ronnental Protection Agency, Washington, DC. March 1988.

* Prasad |I. 1970. Mutagenic effects of the herbicide 3',4"-
di chl or opropi onani lide and its degradati on products. Can J M crobi al
16: 369- 372.

Prasad |, Praner D. 1968. Miutagenic activity of sone chloroanilines
and chl or obenzenes. Genetics 20:212-213.

* Reich H 1934. [Puran (nonochl or obenzene) poisoning in a 2-year-old
child.] Sanm von Vergiftungsfallen 5:193-194. (German)

* Reid WD. 1973. Mechani sm of renal necrosis induced by bronpobenzene or
chl or obenzene. Exp Mol Pat h01 19:197-214.

* Reid WO, Krishna G 1973. Centrol obul ar hepatic necrosis related to
coval ent binding of netabolites of hal ogenated aronati c hydrocarbons.
Exp Mol PathOl la: ao- 99.

* Reid WO, Krishna G Gllette JR et al. 1973. Bi ocheni cal nechani sm of
hepatic necrosis induced by aromatic hydrocarbons. Pharnmacol 10:193-
214.

* Rimngton C, Ziegler G 1963. Experinental porphyria in rats induced
by chlorinated benzenes. Bi ochem Pharmacol 12:1387-1397.

Rol of f MV. 1980. Subchronic inhalation toxicity study of
nonochl or obenzene to nale and femal e dogs. Report to Monsanto Chem ca
Intermedi ates, St. Louis, MO, Environmental Health Laboratory Report
No. RSO 53, Project No. 790015/ DMEH M.- 79- 025.

* Rozenbaum ND, Bl ekh RS, Kremmeva SN, et al. 1947. [Use of
chl or obenzene as a solvent fromthe standpoint of industrial hygiene.]
G g Sanit 12:21-24. (Russian)



79
8. REFERENCES

*SAX NI, Lewis RJ Sr. 1987. Hawl ey's condensed chenical dictionary.
11t h ed. New York, NY: Van Nostrand Rei nhold Conpany, 263, 596.

Schwar zenbach RP, Westall J. 1981. Transport of nonpol ar organic
conpounds from surface water to groundwater. Laboratory sorption
studi es. Environ Sci Technol 15:1360-1367.

*Sel ander HG Jerina DM Daly JW 1975. Metabolism of chl orobenzene
wi th hepatic nicrosomes and sol ubilized cytochronme P-450 systens. Arch
Bi ochem Bi ophys 168: 309- 321.

*Shackel ford WM Keith LH 1976. Frequency of organi c conpounds
identified in water. Athens, GA: U S. Environnmental Protection Agency,
O fice of Research and Devel opnent, Environnmental Research Laboratory.
EPA 600/ 4-76-062. NTIS No. PB-265470.

*Shel don LS, Hites RA. 1978. Organic conpounds in the Del aware River.
Environ Sci Technol 12:1188-1194.

Shen TT. 1982. Estimation of organic conpound em ssions from waste
| agoons. J Air Pollut Control Assoc 32:79-82.

*Shi mada T, McQueen CA, WIllianms GM 1983. Study of effects on cultured
liver cells of three chlorinated benzenes. Final Report. American
Heal th Foundation. Report to Chenical Mnufacturer Association.

Singh HB, Salas LJ, Smith A et al. 1981. Atnobspheric neasurenents of
sel ect ed hazardous organi c chem cals. Research Triangle Park, NC. U S.
Envi ronnmental Protection Agency, Ofice of Research and Devel opnent.
EPA- 600/ 3- 81- 032.

Sittig M ed. 1980. Pesticide manufacturing and toxic materials
control encyclopedia. Park Ridge, NJ: Noyes Data Corporation, 448-450.

Sittig M 1985. Handbook of toxic and hazardous chem cal s and
carci nogens. 2nd ed. Park Ridge, NJ: Noyes Publications, 225-227.

*SRI. 1985. Directory of chem cal producers: United States of Anmerica.
Menl o Park, CA: SRl International, 489.

*SRI. 1986. Directory of chem cal producers: United States of Anmerica.
Menl o Park, CA: SRl International, 549.

*SRI. 1987. Directory of chem cal producers: United States of America.
Menl o Park, CA: SRl International, 532-533.

*SRI. 1988. Directory of chem cal producers: United States of Anmerica.
Menl o Park, CA: SRl International, 526.



80
8. REFERENCES

* Stanley JS. 1986. Broad scan anal ysis of the FY82 national human
adi pose tissue survey specinmens: Volume | - Executive sunmary.

Washi ngton, DC. U.S. Environmental Protection Agency, Ofice of Toxic
Subst ances. EPA- 560/ 5- 86- 035.

* Staples CA Werner AF, Hoogheem TJ. 1985. Assessnent of priority
pol l utant concentrations in the United States using STORET dat abase.
Envi ron Toxi col Chem 4:131-142.

* Suitheinmer C, Bost R, Sunshine |I. 1982. Volatiles by headspace
chr omat ography. In: Sunshine I, Jatlow Pl, eds. Methodol ogy for
anal ytical technology, Vol. |Il. Boca Raton, FL: CRC Press, Inc, |-9.

* Sullivan TM Born GS, Carlson GP, et al. 1983. The pharnacoki netics of
i nhal ed chl orobenzene in the rat. Toxicol Appl Pharmacol 71:194-203.

* Tabak HH, Quave SA, Mashni Cl, et al. 1981. Biodegradability studies
with organic priority pollutant conpounds. J Water Pollut Control Fed
53: 1503- 1518.

Tarkova LP. 1965. [Data for substantiating the maxi mum perm ssible
concentration of chlorobenzol in the atnospheric air.] Gg Sanit
30: 327-333. (Russi an)

Tomson MB, Dauchy J, Hutchins S, et al. 1981. G oundwat er
contam nation by trace level organics froma rapid infiltration site.
Wat er Research 15:1109-1116.

TPCDB. 1988. Testing Priority Comrittee Data Base. U. S. Environnental
Protection Agency, Ofice of Toxic Substances, Washington, DC.

* USITC. 1988. Synthetic organic chem cals: United States production
and sal es, 1987. Washington, DC. United States International Trade
Conmi ssion. USITC Publication 2118.

Var shavskaya SP. 1968. [ Conparative toxicol ogical characteristics of

chl or obenzene and di chl orobenzene (ortho- and para- isoners) in relation
to the sanitary protection of water bodies.] G g Sanit 33:17-23.

(Russi an)

Vecerek B, Kondraskin G, Hatle K et al. 1976. [ Xenobi ol ogi cal
characteristics of chlorobenzene.] Bratisl Lek Listy 65:9-14.
(Russi an)

* Verschueren K. 1983. Handbook of environmental data on organic
chem cals. 2nd Ed. New York, NY: Van Nostrand Rei nhold Conpany, 356-
359, 712-717.



81
8. REFERENCES

* VI EW Dat abase. 1989. Agency for Toxic Substances and Di sease Registry
(ATSDR), O fice of External Affairs, Exposure and D sease Registry
Branch, Atlanta, GA. June 20, 1989. (Map based on VI EW Dat abase,

June 12, 1989).

Voice TC, Rice CP, Weber W Jr. 1983. Effect of solids concentration
on the sorptive partitioning of hydrophobic pollutants in aquatic
systens. Environ Sci Technol 17:513-518.

Wakeham SG Davis AC, Karas JL. 1983. Mesocosm experinents to
determine the fate and persistence of volatile organic conpounds in
coastal seawater. Environ Sci Technol 17:611-617.

* Walters SM 1986. O eanup of sanples. In: Zweig G Sherma J, eds.
Anal ytical nethods for pesticides and plant growth regul ators. Vol 15.
New Yor k, NY: Academ c Press, 67-110.

* Washal | JW Wanpler TP. 1988. Purge and trap anal ysis of aqueous
sanpl es with cryofocusing. Anmerican Laboratory July: 70-74.

* Weast RC, ed. 1985. CRC handbook of chenistry and physics. Boca
Raton, FL: CRC Press, Inc., C 109, C 114.

Wi senberg E, Arad |, Grauer F, et al. 1985. Polychlor inated biphenyls
and organochlorine insecticides in human mlk in Israel. Arch Environ
Cont am Toxi col 14:517-521.

WHO. 1984. Guidelines for drinking-water quality. Volume I1: Health
criteria and other supporting information. Geneva, Swtzerland: Wrld
Heal th Organi zation, 203-228.

Wlson JT, Enfield CJ, Dunlap WI, et al. 1981. Transport and fate of
sel ected organic pollutants in a sandy soil. J Environ Qual 10: 501- 506.

Wlson JT, McNabb JF, Balkwill DL, et al. 1983. Enuneration and
characterization of bacteria indigenous to a shallow water-table
aqui fer. Ground Water 21:134-142.

Yal kowsky SH, O r RJ, Valvani SC. 1979. Solubility and partitioning.
3. The solubility of hal obenzenes in water. Ind Eng Chem Fundam
18: 351- 353.

Young DR, Gossett RW Baird RB, et al. 1983. Wastewater inputs and
mar i ne bi oaccurul ation of priority pollutant organics off Southern
California. In: Jolley RL, Brungs WA, Cotruvo JA et al. eds. Water
chlorination: Environmental inpact and health effects. Vol une 4,
Book 2: Environnent, health, and risk. Ann Arbor, M: Ann Arbor

Sci ence (The Butterworth Group), 871-884.



82
8. REFERENCES

Zlatkis A, KimK. 1976. Columm el ution and concentration of volatile
conpounds in biological fluids. J Chromatogr 126:475-485.

Zoeteman BC, Harnmsen K, Linders JB, et al. 1980. Persistent organic
pollutants in river water and groundwater of the netherl ands.
Chenosphere 9: 231-249.

* Zub M 1978. Reactivity of the white blood cell systemto toxic action
of benzene and its derivatives. Acta Biol Cracov 21:163-174.



83
9. GLOSSARY

Acut e Exposure -- Exposure to a chemical for a duration of 14 days or
| ess, as specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K ) -- The ratio of the anmount of a chemi cal

adsor bed per unit weight of organic carbon in the soil or sedinment to
the concentration of the chemcal in solution at equilibrium

Adsorption Ratio (Kd) -- The anpunt of a chem cal adsorbed by a sedi nent
or soil (i.e., the solid phase) divided by the anbunt of chemical in the
sol ution phase, which is in equilibriumw th the solid phase, at a fixed
solid/solution ratio. It is generally expressed in m crograns of

chem cal sorbed per gram of soil or sedinent.

Bi oconcentrati on Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tine or during a discrete
time period of exposure divided by the concentration in the surroundi ng
water at the sane tinme or during the sanme tine period.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study or
group of studies which produces significant increases in incidence of

cancer (or tunors) between the exposed popul ation and its appropriate

control

Car ci nogen -- A chenical capable of inducing cancer.

Ceiling value (CL) -- A concentration of a substance that should not be
exceeded, even instantaneously.

Chroni ¢ Exposure -- Exposure to a chemi cal for 365 days or nore, as
specified in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the
devel opi ng organismthat may result from exposure to a chemcal prior to
conception (either parent), during prenatal devel opnment, or postnatally
to the tinme of sexual maturation. Adverse devel opnental effects may be
detected at any point in the |ife span of the organi sm

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as
a result of prenatal exposure to a chemical; the distinguishing feature
between the two terns is the stage of devel opment during which the
insult occurred. The ternms, as used here, include malformations and
variations, altered growh, and in utero death.



84
9. GLOSSARY

EPA Health Advisory -- An estinate of acceptable drinking water |evels
for a chem cal substance based on health effects infornmation. A health
advisory is not a legally enforceable federal standard, but serves as
techni cal guidance to assist federal, state, and |local officials.

| medi at el y Dangerous to Life or Health (IDLH) -- The maxi num
environnmental concentration of a contam nant from which one coul d escape
within 30 min wthout any escape-inpairing synptons or irreversible
health effects,

I ntermedi at e Exposure -- Exposure to a chemcal for a duration of 15-364
days, as specified in the Toxicol ogical Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the i mune
systemthat may result from exposure to environnental agents such as
chem cal s.

In Vitro -- Isolated fromthe living organismand artificially
mai ntai ned, as in a test tube.

In Vivo -- Cccurring within the |living organi sm

Let hal Concentration(,) (LC,) -- The lowest concentration of a chenica
in air which has been reported to have caused death in hunans or
ani mal s.

Let hal Concentration(,) (LC, -- A calculated concentration of a
chemical in air to which exposure for a specific length of tine is
expected to cause death in 50% of a defined experinental aninm
popul ati on.

Let hal Dose(,) (LD, -- The |owest dose of a chem cal introduced by a
route other than inhalation that is expected to have caused death in
humans or ani mal s.

Let hal Dose(,) (LD,) -- The dose of a chenical which has been
cal cul ated to cause death in 50% of a defined experinental animal
popul ati on.

Lethal Time(,) (LT, -- A calculated period of tine within which a
specific concentration of a chenical is expected to cause death in 50%
of a defined experinental aninal popul ati on.

Lowest - Qbserved- Adverse- Ef fect Level (LQOAEL) -- The | owest dose of
chem cal in a study or group of studies which produces statistically or
bi ol ogically significant increases in frequency or severity of adverse
effects between the exposed popul ation and its appropriate control.
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Mal f ormati ons -- Permanent structural changes that nay adversely affect
survival, devel opnent, or function

M nimal Risk Level (MRL) -- An estimate of daily human exposure to a
chem cal that is likely to be without an appreciable risk of deleterious
ef fects (noncancerous) over a specified duration of exposure.

Mut agen -- A substance that causes nutations. A nutation is a change in
the genetic material in a body cell. Miutations can lead to birth
defects, mscarriages, or cancer.

Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to a cheni cal

No- Qbserved- Adver se- Ef fect Level (NOAEL) -- That dose of chenical at
which there are no statistically or biologically significant increases
in frequency or severity of adverse effects seen between the exposed
popul ation and its appropriate control. Effects may be produced at this
dose, but they are not considered to be adverse.

Cctanol -Water Partition Coefficient (K ) -- The equilibriumratio of
the concentrations of a chemcal in n-octanol and water, in dilute
sol uti on.

Perm ssi bl e Exposure Limt (PEL) -- An allowable exposure level in
wor kpl ace air averaged over an 8-hour shift.

g,* -- The upper-bound estimate of the | ow dose slope of the doseresponse
curve as determ ned by the nultistage procedure. The q,* can

be used to cal culate an estimate of carcinogenic potency, the

i ncremental excess cancer risk per unit of exposure (usually pg/L for

wat er, ng/kg/day for food, and pg/ni for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanni ng perhaps
an order of nagnitude) of the daily exposure of the human popul ation to
a potential hazard that is likely to be without risk of deleterious
effects during a lifetinme. The RFD is operationally derived fromthe
NOAEL (from ani nal and hunman studies) by a consistent application of
uncertainty factors that reflect various types of data used to estimate
Rf Ds and an additional nodifying factor, which is based on a

prof essi onal judgnent of the entire database on the chenical. The RfDs
are not applicable to nonthreshold effects such as cancer.

Reportable Quantity (RQ -- The quantity of a hazardous substance that
is considered reportable under CERCLA. Reportable quantities are: (1) 1
Ib or greater or (2) for selected substances, an anmpbunt established by
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regul ati on either under CERCLA or under Sect. 311 of the C ean Water
Act. Quantities are neasured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive systemthat nay result from exposure to a chemical. The
toxicity may be directed to the reproductive organs and/or the rel ated
endocri ne system The manifestation of such toxicity may be noted as
alterations in sexual behavior, fertility, pregnancy outcones, or

nodi fications in other functions that are dependent on the integrity of
this system

Short-Term Exposure Limt (STEL) -- The maxi mum concentration to which
wor kers can be exposed for up to 15 min continually. No nore than four
excursions are allowed per day, and there nust be at least 60 mn

bet ween exposure periods. The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse

ef fects on target organs or physiol ogical systems (e.g., renal

cardi ovascul ar) extending fromthose arising through a single limted
exposure to those assunmed over a lifetine of exposure to a chem cal

Teratogen -- A chenical that causes structural defects that affect the
devel oprment of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to which
nmost workers can be exposed w thout adverse effect. The TLV may be
expressed as a TWA, as a STEL, or as a CL.

Ti me- wei ghted Average (TWA) -- An all owabl e exposure concentration
averaged over a normal 8-hour workday or 40-hour workweek.

Toxi c Dose (TD,) -- A calculated dose of a chem cal, introduced by a
route other than inhalation, which is expected to cause a specific toxic
effect in 50% of a defined experinental animl population.

Uncertainty Factor (UF) -- A factor used in operationally deriving the
Rf D from experinental data. UFs are intended to account for (1) the
variation in sensitivity anong the nenbers of the human popul ation, (2)
the uncertainty in extrapol ating aninmal data to the case of humans, (3)
the uncertainty in extrapolating fromdata obtained in a study that is
of less than lifetinme exposure, and (4) the uncertainty in using LOAEL
data rather than NOAEL data. Usually each of these factors is set equal
to 10.
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PEER REVI EW

A peer review panel was assenbled for chl orobenzene. The panel
consi sted of the followi ng nenbers: Dr. David Jollow, Professor in the
Depart nent of Pharnmacol ogy, Medical University of South Carolina,

Charl eston, South Carolina; Dr. Henry Peters, Professor in the
Department of Neurol ogy, University of Wsconsin Cinical Science
Center, Madison, Wsconsin; Dr. Jay B. Silkworth, Research Scientist,
Wadswort h Center Labs, New York Departnent of Health, Al bany, New York
Dr. Frank Lu, Private Toxicology Consultant, Manmi, Florida; Dr. James
Pol l ard, Private Consultant, Las Vegas, Nevada. These experts

coll ectively have know edge of chl orobenzene's physical and cheni cal
properties, toxicokinetics, key health end points, nmechanisns of action,
human and ani mal exposure, and quantification of risk to humans. Al
reviewers were selected in conformty with the conditions for peer
review specified in Section 104(i)(13) of the Conprehensive

Envi ronnment al Response, Conpensation, and Liability Act, as anended.

A joint panel of scientists from ATSDR and EPA has revi ewed the
peer reviewers' coments and determ ned which coments will be included
inthe profile. Alisting of the peer reviewers' coments not
incorporated in the profile, with a brief explanation of the rationale
for their exclusion, exists as part of the adm nistrative record for
this conpound. A |ist of databases reviewed and a |list of unpublished
documents cited are also included in the admnistrative record.

The citation of the peer review panel should not be understood to
imply their approval of the profile's final content. The responsibility
for the content of this profile lies with the Agency for Toxic
Subst ances and Di sease Registry.






	DISCLAIMER
	FOREWORD
	CONTENTS
	LIST OF FIGURES
	2-1 Levels of Significant Exposure to Chlorobenzene - Inhalation
	2-2 Levels of Significant Exposure to Chlorobenzene - Oral
	2-3 Metabolic Scheme for Chlorobenzene 
	2-4 Existing Information on Health Effects of Chlorobenzene
	5-1 Frequency of Sites with Chlorobenzene Contamination

	LIST OF TABLES
	1-1 Human Health Effects from Breathing Chlorobenzene
	1-2 Animal Health Effects from Breathing Chlorobenzene
	1-3 Human Health Effects from Eating or Drinking Chlorobenzene
	1-4 Animal Health Effects from Eating or Drinking Chlorobenzene
	2-1 Levels of Significant Exposure to Chlorobenzene - Inhalation
	2-2 Levels of Significant Exposure to Chlorobenzene - Oral
	2-3 Genotoxicity of Chlorobenzene In Vivo
	2-4 Genotoxicity of Chlorobenzene In Vitro
	3-1 Chemical Identity of Chlorobenzene
	3-2 Physical and Chemical Properties of Chlorobenzene
	6-1 Analytical Methods for Determining Chlorobenzene in Biological Materials
	6-2 Analytical Methods for Determining Chlorobenzene in Environmental Samples
	7-1 Regulations and Guidelines Applicable to Chlorobenzene

	1. PUBLIC HEALTH STATEMENT
	1.1 WHAT IS CHLOROBENZENE?
	1.2 HOW MIGHT I BE EXPOSED TO CHLOROBENZENE?
	1.3 HOW CAN CHLOROBENZENE ENTER AND LEAVE MY BODY?
	1.4 HOW CAN CHLOROBENZENE AFFECT MY HEALTH?
	1.5 WHAT LEVELS OF EXPOSURE HAVE RESULTED IN HARMFUL HEALTH EFFECTS?
	1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEN EXPOSED TO CHLOROBENZENE?
	1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUMAN HEALTH?
	1.8 WHERE CAN I GET MORE INFORMATION?

	2. HEALTH EFFECTS
	2.1 INTRODUCTION
	2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE
	2.2.1 Inhalation Exposure
	2.2.1.1 Death
	2.2.1.2 Systemic Effects
	2.2.1.3 Immunological Effects
	2.2.1.4 Neurological Effects
	2.2.1.5 Developmental Effects
	2.2.1.6 Reproductive Effects
	2.2.1.7 Genotoxic Effects
	2.2.1.8 Cancer

	2.2.2 Oral Exposure
	2.2.2.1 Death
	2.2.2.2 Systemic Effects
	2.2.2.3 Immunological Effects
	2.2.2.4 Neurological Effects
	2.2.2.5 Developmental Effects
	2.2.2.6 Reproductive Effects
	2.2.2.7 Genotoxic Effects
	2.2.2.8 Cancer

	2.2.3 Dermal/Ocular Exposure
	2.2.3.1 Death
	2.2.3.2 Systemic Effects
	2.2.3.3 Immunlogical Effects
	2.2.3.4 Neurological Effects
	2.2.3.5 Developmental Effects
	2.2.3.6 Reproductive Effects
	2.2.3.7 Genotoxic Effects
	2.2.3.8 Cancer


	2.3 TOXICOKINETICS
	2.3.1 Absorption
	2.3.1.1 Inhalation Exposure
	2.3.1.2 Oral Exposure
	2.3.1.3 Dermal Exposure

	2.3.2 Distribution
	2.3.2.1 Inhalation Exposure
	2.3.2.2 Oral Exposure
	2.3.2.3 Dermal Exposure

	2.3.3 Metabolism
	2.3.4 Excretion
	2.3.4.1 Inhalation Exposure
	2.3.4.2 Oral Exposure
	2.3.4.3 Dermal Exposure


	2.4 RELEVANCE TO PUBLIC HEALTH
	2.5 BIOMARKERS OF EXPOSURE AND EFFECT
	2.5.1 Biomarkers Used to Identify or Quantify Exposure to Chlorobenzene
	2.5.2 Biomarkers Used to Characterize Effects Caused by Chlorobenzene

	2.6 INTERACTIONS WITH OTHER CHEMIALS
	2.7 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 
	2.8 ADEQUACY OF THE DATABASE
	2.8.1 Existing Information on Health Effects of Chlorobenzene
	2.8.2 Identification of Data Needs
	2.8.3 On-going Studies


	3. CHEMICAL AND PHYSICAL INFORMATION
	3.1 CHEMICAL IDENTITY
	3.2 PHYSICAL AND CHEMICAL PROPERTIES

	4. PRODUCTION, IMPORT, USE AND DISPOSAL
	4.1 PRODUCTION
	4.2 IMPORT
	4.3 USE
	4.4 DISPOSAL

	5. POTENTIAL FOR HUMAN EXPOSURE
	5.1 OVERVIEW
	5.2 RELEASES TO THE ENVIRONMENT
	5.2.1 Air
	5.2.2 Water
	5.2.3 Soil

	5.3 ENVIRONMENTAL FATE
	5.3.1 Transport and Partitioning
	5.3.2 Transformation and Degradation
	5.3.2.1 Air
	5.3.2.2. Water
	5.3.2.3 Soil


	5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT
	5.4.1 Air
	5.4.2 Water
	5.4.3 Soil
	5.4.4 Other Media

	5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE
	5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURE
	5.7 ADEQUACY OF THE DATABASE
	5.7.1 Identification of Data Needs
	5.7.2 On-going Studies


	6. ANALYTICAL METHODS
	6.1 BIOLOGICAL MATERIALS
	6.2 ENVIRONMENTAL SAMPLES
	6.3 ADEQUACY OF THE DATABASE
	6.3.1 Identification of Data Needs
	6.3.2 On-going Studies


	7. REGULATIONS AND ADVISORIES
	8. REFERENCES
	9. GLOSSARY
	APPENDIX-PEER REVIEW



