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2. HEALTH EFFECTS

2.1 I NTRODUCTI ON

Thi s chapter contains descriptions and eval uati ons of studi es and
interpretation of data on the health effects associated with exposure to
ni trobenzene. Its purpose is to present |evels of significant exposure
for nitrobenzene based on toxicol ogical studies, epidem ol ogical
i nvestigations, and environnmental 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 nitrobenzene and (2) a depiction of
significant exposure |levels associated with various adverse health
effects.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons
living 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, imunol ogical,
neur ol ogi cal, devel opnental, reproductive, genotoxic, and carcinogenic
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 (NOAELs) or | owest-observed-adverse-effect |evels (LQOAELS)
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 levels of exposure at which adverse health effects start to
appear, determ ne whether or not the intensity of the effects varies
wi th dose and/or duration, and place into perspective the possible
significance of these effects to human health

The significance of the exposure |evels shown on the tables and
figures 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 disease may be interested in |evels of exposure
associated with "serious" effects. Public health officials and project
managers concerned with response actions at Superfund sites may want
information on | evels of exposure associated with nore subtle effects in
humans or animals (LOAEL) or exposure |evels bel ow which no adverse
effects (NOAEL) have been observed. Estimates of |evels posing mninm
risk to humans (M nimal Ri sk Levels, MRLsS) are of interest to health
professionals and citizens alike.
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2.2.1 Inhal ati on Exposure

Health effects in humans follow ng inhal ati on exposure to
ni trobenzene have been descri bed. However, as described in this
section, these studies are limted in detail and technical content.
There are several reliable animal studies using this route of exposure.

Tabl e 2-1 and Figure 2-1 describe the health effects observed in
| aboratory animals associated with inhal ation of nitrobenzene at varying
exposure |l evels and durations; the results are di scussed bel ow.

2.2.1.1 Death

No studies were |located regarding |lethal effects of nitrobenzene in
humans after inhal ation exposure.

Strain and species differences in response to nitrobenzene exposure
wer e denonstrated by Medinsky and Irons (1985). At an exposure |evel of
125 ppm ni trobenzene, there was a 40%rate of lethality in Sprague-
Dawl ey (CD) rats and norbidity necessitating early sacrifice of al
B6C3FI m ce. Fischer-344 rats, however, tolerated this |evel for
2 weeks without any adverse clinical signs. The rel evance of these
findings to human exposure is not known.

2.2.1.2 Systemc Effects

Hemat ol ogi cal Effects. The outstanding toxic effect of inhalation
exposure to nitrobenzene is nethenogl obi nem a. When the iron conponent
of henoglobin is converted fromthe ferrous state to the ferric state
(oxi di zed), the resultant methenoglobin is no | onger capabl e of
rel easi ng oxygen to the tissues of the body. This | owered oxygen
capacity, or hypoxia, is generally associated with fatigue, weakness
dyspnea, headache, and di zzi ness as oxygen-poor bl ood reaches the brain.
Even under normal conditions, sonme (1 to 4% nethenoglobin is formed in
the lungs as blood is oxygenated. Toxic or "secondary", mnethenogl obi nem a
can occur follow ng exposure to nitrobenzene and ot her
chem cal s.

Met henogl obi nem a has been reported in three-week-old twins (a male
and a female) (Stevens 1928) and in a 12-nonth-old girl (Stevenson and
Forbes 1942) exposed to nitrobenzene in insect exterm nator sprays. In
each case, the exposure |asted several hours and the exposure |evel was
nei t her known nor estinmated. Severe nethenogl obi nem a was reported in a
47-year-old woman who was occupationally exposed to nitrobenzene at
unnmeasured levels for 17 nonths (lkeda and Kita 1964).



TABLE 2-1. Levels of Significant Exposure to Nitrobenzene - Inhalation
Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Duration Effect (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 14 d 125% (LD50 males) Medinsky and
5d/wk Irons 1985
6hr/d
Systemic
2 Rat 14 d Renal 10® (incr. kidney wt.) Medinsky and
5d/wk Irons 1985
6hr/d
3 Rat 10 4 Other 10® (incr. spleen wt.) Tyl et al. 1987
Gd6-15
6hr/d
4 Rat 14 4 Hepatic 10% (incr. liver wt.) Medinsky and
5d/wk Irons 1985
6hr/d
5 Rat 14 4 Hemato 10® (methemoglob- 35 (incr. WBC’s) Medinsky and
5d/wk inemia) Irons 1985
6hr/d
6 Mouse 14 d Other 10 (splenic hemosid- 35 (lymphoid aplasia) Medinsky and
5d/wk erosis) Irons 1985
6hr/d
Neurological
7 Mouse 14 d 1252 (cerebellar Medinsky and
5d/wk lesions) Irons 1985
6hr/d
Developmental
8 Rat 10 d 40 Tyl et al. 1987
Gdé6-15

6hr/d

4

SILDEAdd HLTIVAH

€T



TABLE 2-1

(Continued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Duration Effect (ppm) (ppm) (ppm) Reference
INTERMEDIATE EXPOSURE
Systemic
9 Rat 21 d Other 50 Kligerman et al.
5d/wk 1983
6hr/d
10 Rat 90 d Renal 52 (nephrosis) 50 (necrosis) Hamm 1984
5d/wk
6hr/d
11 Rat 90 d Other 5 (splenic 50 (splenic Hamm 1984
5d/wk hyperplasia) lesions)
6hr/d
12 Rat 90 d Hemato 5 (methemoglob- Hamm 1984
5d/wk inemia)
6hr/d
13 Rat 90 d Hepatic 502 (necrosis) Hamm 1984
5d/wk
6hr/d
14 Mouse 90 d Other 5 (adrenal lesions) Hamm 1984
5d/wk
6hr/d
15 Mouse 90 4 Hemato 50 (methemoglob- Hamm 1984
5d/wk inemia)
6hr/d
16 Rat 10 wk Other 10 Dodd et al. 1987
(2 gen)
5d/wk
6hr/d
Reproductive
17 Rat 90 d 50% (testicular Hamm 1984
5d/wk degeneration)

6hr/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

18 Mouse 90 d 50 Hamm 1984
5d/wk
6hr/d

19 Rat 10 wk 10 40 (testic. lesions, Dodd et al. 1987
(2 gen) decr. fertility)
5d/wk
6hr/d

#Presented in Table 1-2.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; ppm = parts per million; d = day;
LD5g = lethal dose, 50X mortality; wk = week; hr = hour; iner. = increase; wt = weight; Gd = gestation day; hemato =
hematological; WBC’s = white blood cells; gen = generation; testic. = testicular; decr. = decreased.
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FIGURE 2-1. Levels of Significant Exposure to Nitrobenzene — Inhalation
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I ncreased | evel s of bl ood net henogl obi n have been reported in rate
Exposed to nitrobenzene at levels as low as 10 ppmfor two weeks
Medi nsky and Irons 1985) or 5 ppmfor 90 days (Hamm 1984).

Hepatic Effects. There is sone evidence that the human liver is
Danmaged after chronic inhaltion of nitrobenzene. The liver was
Enl arged and tender and the results of liver function tests were
Abnorrmal in a woman who was occupationally exposed to nitrobenzene for
17 nmonths (exposure | evels not neasured or estimated) (lkeda and Kita
1964) .

Li ver lesions reported in animls studies include hepatocyte
Necrosis in male Sprague-Dawl ey (CD) rats exposed to nitrobenzene at
35 ppm for 2 weeks (Medinsky and Irons 1985) and increased |iver weight,
hepat ocyte hyperlasia, and nultinucl eated hepatocytes in mal e B6C3F1
m ce exposed to nitrobenzene at 16 ppmfor 90 days (Hamm 1984).

Renal Effects. No studies were |ocated regarding renal effects in
Human after inhalation exposure to nitrobenzene.

Dose-rel ated increases in kidney weights were observed in
Fi scher-344 rats (both sexes), but not in Sprague-Daw ey (CD) rats
Exposed to nitrobenzene at 10 to 125 ppm for 14 days (Medinsky and Irons
1985) . At 125 ppm hydropic degeneration of the cortical tubular cells
was observed only in Sprague-Dawl ey rats (20% of nules; 90% of females),
and hyaline nephrosis only in Fischer-344 rats (10096of mal es; 20% of
femal es). Renal effects reported in B6C3F1 mice in this study i ncl uded
m nimal to noderate nultifocal degenerative changes in tubular
epi t helium of nal es exposed to 35 ppmfor 2 weeks. However, neither
hydr opi ¢ degeneration of the cortical tubular cells nor hyaline
nephrosis was seen in nmce even at the highest exposure level (125 ppm.
Usi ng the sanme three ani nal nodel s exposed to nitrobenzene at 5 to
50 ppm for 90 days, dose-related real |esions were observed in both rat
strains but not in mce (Hanm 1984).

D fference in species and possibly strain susceptibility to the
Renal effects of nitrobenzene exposure may exist, but their relevance to
The potential renal effects in humans is not clear. The occurrence of
Renal effects in male rats, but not fermale rats or mice of either sex,
in response to exposure to chem cal toxicants is not unique to
ni trobenzene. These differences have al so been found with exposure to
1, 4, -di chl orobenzene, isophorone, and unl eaded gasol i ne (Charbonneau and
Wwenberg 1988) and have been attributed to the production of high
Concentrations of the protein al pha-2u-globulin in the kidneys of nale
Rats, but not in female rats, mce, or humans. These observations
Suggest that the severe renal effects observed in male rats exposed to
Ni t robenzene will probably not occur in exposed humans.
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O her Systemc Effects. No studies were | ocated regarding
cardi ovascul ar, respiratory, gastrointestinal, nuscul oskeletal, derna
or ocular effects in humans or aninals after inhalation exposure to
ni t r obenzene.

Dose-rel ated splenic | esions have been reported to occur in B6C3F
m ce exposed to nitrobenzene at 10 to 125 ppm for 14 days (Medi nsky and
Irons 1985) and in F-344 and Sprague-Dawl ey (CD) rats at 5 to 50 ppm for
90 days (Hamm 1984). These | esions were described as sinusoi dal
congestion, an increase in extranedullary hematopoi esis and henosi deri n-
| aden macrophages infiltrating the red pulp, and the presence of
proliferative capsular |lesions. The results of these studi es suggest
that the spleen may al so be a sensitive organ in cases of human
i nhal ati on exposure to nitrobenzene.

2.2.1.3 Imunol ogi cal Effects

No studies were |ocated regardi ng i nmunol ogi cal effects in humans
or animals after inhalation exposure to nitrobenzene. Splenic |esions
observed in studies in rats and mce (see Section 2.2.1.2) suggest that
potential inmmnologic effects may warrant further attention.

2.2.1.4 Neurol ogical Effects

Neur ol ogi cal effects have been noted in the case of a woman who was
occupational |y exposed to nitrobenzene for 17 nonths at an unknown
| evel . These effects included headache, nausea, vertigo, confusion, and
paresthesia (lkeda and Kita 1964).

Neur ol ogi ¢ signs were not observed in mce or rats exposed to 5,
16, or 50 ppm nitrobenzene in air for 90 days. These aninmals were
observed twice daily for clinical abnormalities (Hanm 1984).

When Sprague-Dawl ey (CD) rats and B6C3FI nmice were exposed to
ni trobenzene at 125 ppmdaily for two weeks, damage to the hindbrain
(cerebel | ar peduncle), including bilateral cerebellar perivascul ar
henmorrhage and mal acia (cell breakdown), was observed in 8/ 19 mce (both
sexes) and in 14/19 rats (both sexes) (Medinsky and Irons 1985). No
brain |l esions were found in Fischer rats exposed to the sane |evels.
The reason for these strain differences under simlar conditions is not
appar ent.

2.2.1.5 Devel opnental Effects

No studies were |ocated regardi ng devel opnental effects in humans
after inhalation of nitrobenzene.



19
2. HEALTH EFFECTS

Studies in animals indicate that inhalation exposure to
ni trobenzene does not result in fetotoxic, enbryotoxic or teratogenic
effects at concentrations up to 40 ppmin rats (Tyl et al. 1987) and up
to 100 ppmin rabbits (Bio/dynamcs Inc. 1984). \Wile the mean nunbers
of resorption sites and percentage of resorptions/inplants in rabbits
were higher in the 100 ppmgroup than in concurrent controls, these
paraneters were within the historical control range. However, aninma
data fromthese studies indicate that nitrobenzene is maternally toxic.
In rats, spleen weights increased in the nothers (dans) at 10 ppm and
there was transient reduction in body weight gain in the 40 ppm group
(Tyl et al. 1987). In rabbits, maternal effects noted at 40 ppm and
above were increased net henogl obin | evels and increased |iver weights
(Bio/dynam cs Inc. 1983). Since no devel opnental toxic effects occurred
in ani mal s even at doses producing sone nmaternal toxicity, devel opnmental
toxicity may not be a major concern in humans.

2.2.1.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in humans
foll owi ng inhal ati on exposure to nitrobenzene.

In a two-generation study in rats, nitrobenzene exposure (10 weeks)
resulted in a decrease in fertility indices at 40 ppmfor F, and F,
generations, while other reproductive paraneters were unaltered (Dodd
et al. 1987). The study data suggested that the decrease was caused by
effects in males. Atrophy of sem niferous tubules, spermatocyte
degeneration and reduced testicular and epididymal weights were reported
in F, and F, generations. A five-fold increase (above |evels during
exposure) in the fertility index was reported after 9 weeks of recovery
frominhal ati on exposure to nitrobenzene, but reversibility was not
studi ed histologically. Maternal toxicity was not observed. Hamm
(1984) reported that both F-344 and Sprague-Dawl ey (CD) rats exposed to
ni trobenzene at 50 ppmfor 90 days had testicular atrophy, bilateral
degeneration of the sem niferous tubules, and a reduction in or absence
of mature spermin the epididyms. No testicular |esions were observed
in B6C3FI m ce under the sane exposure conditions.

The testicular effects observed in these studies suggest that
reproductive toxicity nmay be an area of concern for occupationally
exposed humans.
2.2.1.7 Cenotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans after
i nhal ati on exposure to nitrobenzene.
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Cyt ogenetic anal yses of |ynphocytes in the peripheral blood or in
spl enic blood of rats exposed to nitrobenzene at 5 to 50 ppmfor 21 days
did not reveal an increase in sister chromatid exchange (SCE) or
chronosone breakage (Kligerman et al. 1983).

2.2.1.8 Cancer

_ No studies were |ocated regarding cancer in humans or animals after
i nhal ati on exposure to nitrobenzene.

2.2.2 Oral Exposure

Tabl e 2-2 and Figure 2-2 describe the health effects observed in
| aboratory animals associated with oral exposure to nitrobenzene at
varying | evel s and exposure durations.

2.2.2.1 Death

Al though the early literature describes many "poi soni ngs" and
deaths that were attributed to nitrobenzene ingestion, the |ack of
reliable chemcal identification nmakes it inpossible to determ ne the
actual cause of death in sone of these cases. In early case studies
t hat descri be such events, nitrobenzene may have been identified only by
its odor; in other cases, aniline my have been identified in the
stomach contents. Because nitrobenzene is reduced to aniline by the
mcroflora in the intestines, the presence of aniline in the stomach may
nore reasonably be attributed to the ingestion of aniline. In addition,
due to pronpt and aggressive nedical attention when these incidents have
occurred, nost of the available case studies report that the victim has
survived. Therefore, firmconclusions cannot be drawn about the
potential |ethal effects of nitrobenzene ingestion by humans.

An LD, of 600 ng/kg in rats was reported by Snyth et al. (1969).
2.2.2.2 Systemc Effects

Hemat ol ogi cal Effects. When nitrobenzene is ingested, the
out standi ng system c effect is nmethenoglobin formation. In this
condition, the blood rel eases | ess oxygen to the tissues and all general
body functions tend to be sl owed down (WHO 1986). A | atency period
(after ingestion and before any signs or synptons occur) can be as short
as 30 mnutes or as long as 12 hours. Usually, the higher the dose, the
shorter the | atency peri od.



TABLE 2-2. Levels of Significant Exposure to Nitrobenzene - Oral

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Systemic
1 Rat (G) ix Hemato 100 200% (methemoglobin- Goldstein et al.
emia) 1984
Neurological
2 Rat (G) 1x 550b (malacia/ Morgan et al.
hemorrhage) 1985
Reproductive
3 Rat (G) 1x 300¢ (testic. necrosis, Levin et al.
decr. sperm) 1988

3Converted to an equivalent concentration of 4,000 ppm in food for presentation in Table 1-4.
bConverted to an equivalent concentration of 11,000 ppm in food for presentation in Table 1-4.
SConverted to an equivalent concentration of 6,000 ppm in food for presentation in Table 1-4.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; mg = milligrams; kg = kilograms;
(G) = gavage; x = time; hemato = hematological; testic. = testicular; decr. = decreased
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No data are available to reliably estimate the | evel of human oral
exposure to nitrobenzene that results in nethenogl obinema. Two of the
case studies that were |ocated indicate that sonme vague quantity, such
as a few drops or a partial spoonful, was swall owed and part of that
anount was vom ted out before cyanosis and net henogl obi nem a were
observed (Carter 1936; Leader 1932). Another study (Myslak et al. 1971)
estimated that a dose of 4.3 to 11 g was swall owed by a 19-year-old
worman, based on the urinary |evels of p-nitrophenol.

Oral administration of nitrobenzene to rats and mice results in
nmet henogl obi nem a (CGoldstein et al. 1984a; Ri ckert 1984a).

The nouse is apparently nore resistant to the nethenogl obin form ng
properties of nitrobenzene than are other species (Shinkin 1939; Smth
et al. 1967). The action of bacteria normally present in the small
intestine of the rat is an inportant elenent in the formation of
met henogl obin resulting fromnitrobenzene exposure. Germfree rats do
not devel op net henogl obi nem a when orally adm ni stered nitrobenzene
(Reddy et al. 1976). This observation |leads to the speculation that a
ni trobenzene netabolite such as aniline (which is fornmed by the
bacterial reduction of nitrobenzene in the intestines of rats) may be
i nvol ved in met henogl obin formation in this species. In addition, diet
has been shown to play a role in the production of nethenogl obin by
influencing the intestinal mcroflora. The presence of cereal-based
pectin in the diets of rats was shown to increase the ability of orally
adm ni stered nitrobenzene to i nduce net henogl obi nem a (CGol dstein et al.
1984a) .

QO her System c Effects. No studies were | ocated regardi ng hepati c,
respiratory, cardiovascul ar, gastrointestinal, renal, muscul oskel et al
dermal, or ocular effects in humans or animals after oral exposure to
ni t r obenzene.

2.2.2.3 Imunol ogi cal Effects

No studies were |ocated regardi ng i nmunol ogi cal effects in hunmans
or animals after oral exposure to nitrobenzene.

2.2.2.4 Neurol ogical Effects

Neur ol ogi cal effects follow ng nitrobenzene ingestion by hunmans
have been reported as headache, nausea, vertigo, confusion,
unconsci ousness, apnea and cona (Carter 1936; Leader 1932; Myslak et al.
1971). Levels of nitrobenzene associated with these effects cannot be
reliably estimated in nost of the case studies fromwhich these
descri ptions have been deri ved.
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Brai n pat hol ogy was reported after a single oral adm nistration of
ni trobenzene at 550 ng/kg to nale rats (Morgan et al. 1985).
bservations included petechial henorrhages in the brain stem and
cerebel l um and mal acia (cell breakdown) in the fourth ventricle.

2.2.2.5 Devel opnental Effects

No studies were |ocated regardi ng devel opnmental effects in humans
or animals after oral exposure to nitrobenzene.

2.2.2.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in humans
after oral exposure to nitrobenzene.

No single or nultigeneration reproduction studies in aninmals were
found. However, an acute system c study in rats indicated that the
testes are sensitive to the toxic effects of nitrobenzene. Typical
signs included testicular degeneration and transiently decreased sperm
production following a single oral dose of 300 ng/kg (Levin et al.
1988) .

Al t hough no human studies were found and ani mal reproduction
studi es have not been perforned by oral adm nistration, the testicular
degeneration in rats reported by Levin et al. (1988) suggests that
reproductive toxicity nmay be of concern in exposed humans.

2.2.2.7 Genotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans after
oral exposure to nitrobenzene.

Rats gavaged with nitrobenzene at 200 or 500 ng/ kg were tested for
unschedul ed DNA synthesis in liver slices (Mrsalis et al. 1982). No
significant increase in DNA synthesis was found.

2.2.2.8 Cancer

No studies were |ocated regarding cancer in humans or animals after
oral exposure to nitrobenzene.

2.2.3 Dermal Exposure

Cases of severe and nearly lethal toxic effects after derma
exposure to aniline-based dyes have been reported as early as 1886.
These cases have involved mainly infants exposed to dye-stanped di apers
and persons wearing freshly dyed shoes. The resulting condition was
often termed "nitrobenzene poi soning”, even though exposure to
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ni trobenzene did not necessarily occur. Several conclusions and
general i zati ons about the dermal absorption and toxic effects of

ni trobenzene, especially in infants, seemto have been based on these
studi es which should nore appropriately be considered as part of the
data base for aniline.

2.2.3.1 Death

No studies were ocated regarding death in humans after dernma
exposure to nitrobenzene.

Dermal applications of nitrobenzene to female C3H or male A-strain
mce resulted in the death of 12 of 18 and 8 of 10 animals, respectively
(Shinkin 1939). Although 2 or 3 applications were required for the C3H
mce, nost animals were in partial collapse within 15 m nutes and dead
by the third day. Most of the strain-A mce were dead within the first
day. The dernmal dosage was not stated.

2.2.3.2 Systemc Effects

Hemat ol ogi cal Effects. No studies were | ocated regarding
hemat ol ogi cal effects in humans after dermal exposure to nitrobenzene.
Dermal painting of C3H fermale or strain-A nale mce with nitrobenzene
resulted in nethenogl obi nem a by 3 hours after application (Shinkin
1939).

Hepatic Effects. No studies were |ocated regarding hepatic effects
in humans after dermal exposure to nitrobenzene. In mce dermally
exposed to nitrobenzene, the liver was the nost severely affected organ.
There was diffuse necrosis in the outer two thirds of the |obules of the
liver (Shinkin 1939).

Renal Effects. No studies were |ocated regarding renal effects in
humans after dernmal exposure to nitrobenzene.

When mice were dermally painted with nitrobenzene for 1 to 3
applications, there was slight swelling of the glonmeruli and tubul ar
epi t hel i um upon hi stol ogi cal exam nation (Shinkin 1939).

O her Systemc Effects. No studies were | ocated regardi ng ot her
system c effects (respiratory, cardiovascul ar, gastrointestinal,
nmuscul oskel etal , splenic, dermal, ocular) in humans or animals after
dermal exposure to nitrobenzene.
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No studies were |located regarding the follow ng health effects in
humans or animals after dermal exposure to nitrobenzene.

TOXI COKI NETI CS
.1 Absorption

2.2.3.3 Imunol ogi cal Effects
2.2.3.4 Neurol ogical Effects
2.2.3.5 Devel opnental Effects
2.2.3.6 Reproductive Effects
2.2.3.7 Cenotoxic Effects
2.2.3.8 Cancer

2.3

2.3

2.3

. 1.1 Inhal ati on Exposure

I n humans, nitrobenzene was well absorbed through the lung in the
one study |ocated. During a 6-hour exposure of volunteers to
ni trobenzene, Sal nowa et al. (1963) found absorption to average 80% (73
to 87% in 7 nmen breathing 6 ppm nitrobenzene. The efficiency of uptake
was dose dependent, but showed consi derabl e individual variation.

No studies were |ocated regarding the uptake of nitrobenzene by
animal s after inhalation exposure.

2.3.1.2 Oral Exposure

No studies were |ocated regarding the uptake of nitrobenzene by
humans after oral exposure.

After oral adm nistration of 250 ng/ kg of nitrobenzene by stonach
tube to rabbits, Parke (1956) recovered 0.5% (1.3 ng) of the
adm ni stered dose of nitrobenzene fromthe exhaled air of the rabbit.
The amount of nitrobenzene in the blood was not neasured. Unchanged
ni trobenzene in the urine was | ess than 0.1% (0.25 ng).

2.3.1.3 Dermal Exposure

The toxicokinetics of dermal exposure have not been well studied in
ei ther humans or experinental animals. Piotrowski (1967) found that
approximately half of the dose of nitrobenzene was absorbed through the
skin when vol unteers were exposed to either 1 or 5.5 ppm nitrobenzene in
air.
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In ani mal studies, nitrobenzene appears to be absorbed after derma
application based on observations of toxic responses in the treated
animals. Shinkin (1939) reported that dermal painting of mce with
[iquid nitrobenzene (dose not stated) resulted in the death of nobst test
animals after 1 to 3 applications. Dernmal exposure of rabbits to
ni trobenzene (dose not stated) for 22 to 205 days resulted in greater
neural damage than did intravenous exposure (Mtsumaru and Yoshi da
1959). Adm nistration of alcohol (not further identified) by stonmach
tube foll owi ng exposure to nitrobenzene resulted in neurotoxicity by
bot h routes of exposure.

2.3.2 Distribution
2.3.2.1 Inhal ati on Exposure

No studies of the distribution of nitrobenzene or its netabolites
after inhalation exposure by humans or animals were found in the
literature.

2.3.2.2 Oral Exposure

Radi ol abel ed nitrobenzene has been followed after oral
adm nistration in a nunber of studies in rats and mce (Goldstein and
Ri ckert 1984; Levin and Dent 1982a; Mrrgan et al. 1985). In summary,
t hese studi es have shown that nitrobenzene is reduced to nitrosobenzene,
phenyl hydroxyl am ne, and aniline by the bacteria of the intestine.
Met abol i sm of nitrobenzene resulted on covalent binding to the hepatic
m crosones. Nitrosobenzene and phenyl hydr oxyl am ne were bound to the
henogl obi n. Unal tered nitrobenzene was recovered fromthe brain at a
rate of 0.02% of the adm ni stered dose. The subcellular site of
ni trobenzene netabolismwas not found. The major urinary metabolites
wer e p-am nophenol and p-nitrophenol together with the sulfate and
gl ucur oni de conj ugat es.

In a study of rats that received radiol abel ed nitrobenzene by
gavage, it becane bound to the tissues after the first day according to
the follow ng indices [nol/nol Hb/dose (mmol/kg)]: bl ood-229,
liver-129, kidney-204, |ung-62. BY day 7, the sane indices were: 134,
26.5, 48, 29. After the first day, 50% of the dose (radioactivity)
appeared in the urine and 4% in the feces. After the fifth day, 65% of
t he dose had appeared in the urine and 16% appeared in the feces
(Al brecht and Neumann 1985). These studies confirned the observation of
Rickert et al. (1983), that the excretion of nitrobenzene is del ayed.
The binding indices also indicated that 4 to 5 tinmes as nuch
ni trosobenzene is formed from nitrobenzene as from an equal anount of
ani | i ne.
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2.3.2.3 Dermal Exposure

No studies were |ocated regarding the distribution of nitrobenzene
or its nmetabolites after dermal exposure.

2.3.3 Metabolism

The coval ent netaboli sm and binding of nitrobenzene to henogl obin
was studied by Al brecht and Neumann (1985). Wen Wstar rats were
adm ni stered 25 ng/ kg radi ol abel ed nitrobenzene by gavage,
bi otransformation was first seen in the intestine where nitrobenzene was
sequentially reduced to nitrosobenzene, phenyl hydroxyl am ne and anili ne.
These findings were also reported in Fischer-344 rats (Levin and Dent
1982a). The observation that germfree rats do not devel op
met henogl obi nem a when adm ni stered nitrobenzene (Reddy et al. 1976) has
led to the speculation that a nitrobenzene netabolite such as aniline
may be involved in nmethenogl obinema formation in this species. The
ni trobenzene netabolites, nitrosobenzene and phenyl hydr oxyl am ne have
been found to bind with henmoglobin in the blood of orally exposed mce
and rats (Coldstein and R ckert 1984).

2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure

Uinary excretion rates of p-nitrophenol were found in 7 volunteers
who had inhaled 6 ppm nitrobenzene for 6 hours (Sal nrowa et al. 1963).
The rate of urinary elimnation varied considerably fromindividual to
i ndi vi dual, but showed a general dose dependence at 1 to 6 ppm
ni trobenzene. In general, excretion was nost rapid during the first two
hours and then | eveled off. In sone cases, p-nitrophenol could be
detected for as long as 100 hours after exposure to 6 ppmfor 6 hours.
In a 47-year-old wonan who had been occupationally exposed to
ni trobenzene for 17 nonths, p-nitrophenol and p-am nophenol were found
in the urine (lkeda and Kita 1964).

2.3.4.2 Oral Exposure

After oral exposure to nitrobenzene, the major route of excretion
is the urine. In nost cases of human poi soning, the netabolites
excreted in the urine are p-am nophenol and p-nitrophenol (Mslak et al.
1971; Von Cettingen 1941). Five days after oral admnistration to rats,
Al brecht and Neumann (1985) found 65% of the adm nistered dose
(25 ng/kg) in the urine and 16%in the feces.
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2.3.4.3 Dermal Exposure

A uni que apparatus was devel oped to neasure skin absorption from
t he nitrobenzene vapor in the air wthout inhalation of nitrobenzene
(Piotrowski 1967). At 1 ppm about 8 ng is absorbed through the skin
and about 20%is excreted in the urine the first day.

2.4 RELEVANCE TO PUBLI C HEALTH

Studies in animals, conbined with observations in humans, indicate
that the principal adverse health effects associated with short-term
i nhal ati on or oral exposure to nitrobenzene are nethenogl obi nem a,
neurol ogi cal effects, and liver injury. Data related to dermal exposure
and to |l ong-term exposure by any route are not considered sufficient to
clearly assess the potential effects.

Deat h. Acci dental poisonings and deaths in hunans that were
attributed to the ingestion of nitrobenzene have been reported; but as
di scussed in Section 2.2.2.1, these studies usually |ack clear chem cal
identification of nitrobenzene as the ingested substance. In those
i nhal ati on case studies (Stevens 1928; Stevenson and Forbes 1942) and
oral case studies (Carter 1936; Leader 1932; Mslak et al. 1971) in
whi ch the patients were apparently near death due to severe
nmet henogl obi nem a, term nation of exposure and pronpt nedi cal
intervention resulted in gradual inprovenent and recovery. Data
relating to dermal exposure to nitrobenzene, as discussed previously in
Section 2.2.3, are questionable since there may have been exposure to
ani | i ne-based dyes and little or no exposure to nitrobenzene. Data in
animal s indicate that nitrobenzene can be lethal via oral, inhalation or
dermal exposure. Although human exposure to sufficiently high
guantities of nitrobenzene can probably be lethal via any route of
exposure, it is considered unlikely that |evels of exposure high enough
to cause death woul d occur except in cases of industrial accidents.

System c Effects. The chief system c effect associated with human
exposure to nitrobenzene is nethenogl obi nem a. However, it is difficult
to locate clear evidence of this effect, since nitrobenzene was
identified only by its odor in several early case studies.

Met henmogl obi nem a was reported to occur in twin 3-week-old babies
(Stevens 1928), in a 12-nonth-old girl (Stevenson and Forbes 1942), and
in a 47-year-old worman (1 keda and Kita 1964), all of whom were exposed
to nitrobenzene via inhalation. However, |evels of exposure were

nei ther known nor estinmated. In addition, the conmpound to which the
12-month-old girl was exposed al so contai ned kerosene, turpentine, and
oil of lilacine. The 3-week-old twins were exposed to nitrobenzene in a
toil et deodorant called "Creco”. No other ingredients were stated in
the study. Oral exposure to nitrobenzene at unspecified anounts has
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al so resulted in nethenogl obinema (Carter 1936; Leader 1932; Msl ak
et al. 1971). There is no clear evidence that dermal exposure to

ni trobenzene results in methenogl obinem a in humans. Reports of

met henogl obi nem a resulting in dermal contact with dyes allegedly
contai ni ng nitrobenzene are conplicated by the early confusion in
nonmencl ature for aniline and nitrobenzene.

Met henogl obi nem a has al so been reported in mce and rats exposed
to nitrobenzene via inhalation (Hanm 1984) and in rats and m ce exposed
orally (CGoldstein et al. 1984a; Rickert 1984a). Dermal painting studies
in mce resulted in the onset of nethenogl obinema within 3 hours after
ni trobenzene application (level not stated) (Shinmkin 1939). This
findi ng suggests that nethenogl obinem a may al so occur in dermally
exposed humans.

Li ver effects have been reported in both humans and ani mal s exposed
to nitrobenzene. Hepatic enl argenent and tenderness, jaundice, and
altered serumchem stries were reported in a 47-year-old woman who had
been occupationally exposed to nitrobenzene for 17 nonths (1keda and
Kita 1964). The authors considered these changes to be related to
i ncreased destruction of henogl obin and enl argenent of the spleen.

Li ver effects observed in animals follow ng nitrobenzene exposure are
hepat ocyte necrosis in rats (Medinsky and Irons 1985) and increased
liver weight, hepatocyte hyperplasia, and nultinucl eated hepatocytes in
m ce (Hanmm 1984). Hepatic effects have not been reported in oral
studies. Dermal painting studies in mce resulted in diffuse necrosis
in the outer two-thirds of the |obules of the Iiver (Shinkin 1939).

There are no data on renal effects in humans exposed to
ni trobenzene by any route. In rats, strain-related differences in renal
effects have been reported as a result of inhalation exposure to
ni trobenzene (Hanmm 1984; Medi nsky and Irons 1985). Observed effects
have included increased ki dney wei ghts, hydropic degeneration of the
cortical tubules and hyaline nephrosis. Renal effects have not been
reported in studies of animals that were orally exposed to nitrobenzene.
In dermal painting studies in mce, slight swelling of the glonmeruli and
tubul ar epitheliumwere reported (Shinkin 1939). These findi ngs suggest
that renal damage may al so occur in exposed humans.

Splenic lesions reported in inhalation studies in mce and rats
have included sinusoi dal congestion, an increase in extranmedullary
hemat opoi esi s and henosi deri n-| aden macr ophages i nvadi ng the red pul p,
and the presence of proliferative capsular |esions (Hanm 1984; Medi nsky
and lIrons 1985). These findings suggest that the spleen nay al so be a
target organ during human inhal ati on exposure to nitrobenzene.
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Little information is available on the effects of inhalation, oral
or dermal exposure of hunmans or aninals to nitrobenzene on the _
respiratory, cardiovascul ar or nuscul oskel etal systens or on the skin or
eyes.

| munol ogi cal Effects. No studies were | ocated regardi ng
i mrunol ogi ¢ effects in humans or aninmals after inhalation, oral, or
dermal exposure to nitrobenzene. Splenic |lesions reported in rodent
i nhal ati on studi es (Hanm 1984; Medi nsky and Irons 1985) suggest that
this may be an area of potential concern.

Neur ol ogi cal Effects. Neurotoxic synptons reported in humans after
i nhal ati on exposure to nitrobenzene have included headache, confusion,
vertigo and nausea (lkeda and Kita 1964); effects in orally exposed
persons have al so included those synptons as well as apnea and coma
(Carter 1936; Leader 1932; Mslak et al. 1971). Studies in aninals
exposed via inhal ati on have shown norphol ogi cal damage to t he hi ndbrain
(cerebel | ar peduncl e) (Medinsky and Irons 1985). Danage to the
brai nstem cerebellumand fourth ventricle was observed in orally
exposed animals. Thus, it is possible that simlar neurol ogi cal changes
may occur in humans as a result of nitrobenzene exposure.

Devel opnental Effects. No studies of devel opnental effects in
humans resulting frominhal ation, oral or dermal exposure to
ni trobenzene have been reported. Studies conducted via inhalation
exposure did not result in fetotoxic or teratogenic effects in rats or
rabbits (Bio/dynamcs 1984; Tyl et al. 1987). No studies have been
conducted using the oral or dermal routes. Devel opnental effects are
not expected to be of concern to humans exposed to the typical levels in
the environment or in occupational settings.

Reproductive Effects. The effects of nitrobenzene on reproduction
have not been studied in humans by inhalation, oral or dernal routes of
exposure. In rats, inhalation of nitrobenzene has resulted in
testicul ar degeneration and decreased sperm|evels (Dodd et al. 1987;
Hamm 1984). Cessation of spermatogenesis, followed by a slow and
i nconpl ete recovery, was observed in rats followi ng a single oral dose
of nitrobenzene (Levin et al. 1988). These findings suggest that
reproductive effects may al so be an area of concern for nmen exposed to
ni trobenzene in occupational settings.

CGenotoxic Effects. The genotoxicity of nitrobenzene has been
investigated in both in vitro and in vivo studies. The results of

in vitro studies are presented in Table 2-3. In vivo studies are
described in Sections 2.2.1.7 and 2.2.2.7. The results of these studies
are generally negative and do not suggest potential human health
concerns.



TABLE 2-3. Genotoxicity of Nitrobenzene In Vitro

Results
With Without

End Point Species (Test System) Activation Activation Reference
Prokaryotic organisms:

Gene mutation Salmonella typhimurium - - Garner and Nutman 1977

Gene mutation S. typhimurium - - Shimizu et al. 1983

Gene mutation S. typhimurium - ND Ho et al. 1981

Gene mutation 5. typhimurium - - Haworth et al. 1983

Gene mutation S. typhimurium - ND Anderson and Styles

1978
Gene mutation S. typhimurium - - Hughes et al. 1984

- = negative result; ND = no data.
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_ Cancer. No studies were |ocated regarding carcinogenic potential
in humans or aninmals after inhalation, oral, or dermal exposure to
ni t r obenzene.

2.5 Bl OMAREERS OF EXPOSURE AND EFFECT

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

A bi omarker 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 neasured within a
conpartnment 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 bionarkers of
exposure. The body burden of a substance may be the result of exposures
from nore than one source. The substance bei ng nmeasured nay be a
nmet abol ite of another xenobiotic (e.g., high urinary |evels of phenol
can result from exposure to several different aronmatic conmpounds).
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 netabolites may have been elimnated fromthe
body by the tine biologic sanples can be taken. It may be difficult to
identify individuals exposed to hazardous substances that are commonly
found in body tissues and fluids (e.g., essential mneral nutrients such
as copper, zinc and seleniun). Bionmarkers of exposure to nitrobenzene
are discussed in Section 2.5.1

Bi omarkers of effect are defined as any neasurabl e bi ocheni cal,
physi ol ogic, or other alteration within an organismthat, depending on
magni tude, can be recogni zed as an established or potential health
i mpai rment or di sease (NAS/NRC 1989). This definition enconpasses
bi ochem cal or cellular signals of tissue dysfunction (e.g., increased
liver enzynme activity or pathologic changes in fenale genital epithelial
cells), as well as physiologic signs of dysfunction such as increased
bl ood pressure or decreased |lung capacity. Note that these markers are
of ten not substance specific. They also nay not be directly adverse,
but can indicate potential health inpairnent (e.g., DNA adducts).

Bi omarkers of effects caused by nitrobenzene are discussed in
Section 2.5. 2.

A bi omarker of susceptibility is an indicator of an inherent or
acquired limtation of an organisms ability to respond to the chall enge
of exposure to a specific xenobiotic. It can be an intrinsic genetic or
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ot her characteristic or a preexisting disease that results in an

i ncrease in absorbed dose, biologically effective dose, or target tissue
response. |If biomarkers of susceptibility exist, they are discussed in
Section 2.7, "POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Biomarkers Used to lIdentify and/or Quantify Exposure to
Ni t r obenzene

The presence of p-nitrophenol in the urine can be used to indicate
exposure to nitrobenzene (lkeda and Kita 1964). Measurenent of
p- ni trophenol, however, cannot be used to determ ne the |evel of
ni trobenzene exposure or if harnful effects can be expected to occur.
The nitrobenzene netabolites, nitrosobenzene and phenyl hydr oxyl am ne,
have been found to bind with henoglobin in the blood of orally exposed
mce and rats (CGoldstein and Rickert 1984). The presence of these
henmogl obi n adducts in human bl ood may al so serve as a potenti al
bi omar ker of exposure to nitrobenzene.

2.5.2 Biomarkers Used to Characterize Effects Caused by N trobenzene

The presence of met henogl obi nemia can indicate exposure to
ni trobenzene as well as to any of several other toxic substances.
Therefore, this condition in itself cannot be used as a bi omarker of
effect for nitrobenzene.

2.6 | NTERACTIONS W TH OTHER CHEM CALS

Synergi sm between orally adm ni stered nitrobenzene and si x ot her
common i ndustrial conpounds was denonstrated in rat studies using dea
as the end point (Snyth et al. 1969). The conbi nati ons of chem cals
showed increased lethality that varied from20 to 47% The conpounds
were: formalin, 20% butyl ether, 28% aniline, 32% dioxane, 39%
acetone, 47% and carbon tetrachloride, 47%

Al cohol al so has the potential for enhancing the toxicity of
ni trobenzene; however the toxicokinetic nmechanismis not known. It is
cl ear, however, that al cohol does not sinply enhance the absorption of
ni trobenzene. \Wen al cohol was given orally and nitrobenzene is given
intravenously, there was increased toxicity in rabbits. Al cohol also
enhanced the neural toxicity of nitrobenzene in rabbits when
ni trobenzene was applied to the skin (Matsumaru and Yoshi da 1959).
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2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

Popul ati ons that are considered unusually susceptible to
ni trobenzene toxicity are those groups that are susceptible to
nmet henogl obi nem a. The newborn infant is especially vulnerable to
met henogl obi nem a due to the following factors (CGoldstein et al. 1969;
Von Cettingen 1941):

1. Fetal henogl obin, which remains in the blood for sone tine
after birth, is nore prone to conversion to nethenogl obin than
i s adult henogl obi n.

2. Unrbilical cord blood is deficient in the enzyne gl ucose- 6-
phosphat e dehydrogenase and thus cannot readily convert the
met henogl obin that is fornmed "naturally" back to henogl obin as
is readily done in adults.

A condition described as "hereditary nethenogl obi nem a" may result
froma genetic defect (CGoldstein et al. 1969). The enzyne net henogl obin
reductase is absent and persons are hypersensitive to any substances
such as nitrite or aniline derivatives capabl e of producing
met henogl obi nem a. The trait is inherited as an autosomal recessive
allele. Thus either sex may exhibit the trait which is ordinarily
detected by the presence of cyanosis at birth. Such individuals would
be extrenely sensitive to the effects of nitrobenzene.

A nore common genetic defect was al so described in which the enzyne
gl ucose- 6- phosphat e dehydrogenase has decreased activity (Goldstein
et al. 1969). The pattern of inheritance of this trait is |linked to one
of several alleles on the X chronpbsone. The phenotype is expressed as
an inconplete domnant trait. Thus, fermale heterozygotes are not known
to have severely depressed enzyne | evels and nmal es may have a w de range
of activity. These phenotypes express a wi de range of |evels of
gl ucose- 6- phosphat e dehydrogenase enzyne in the red blood cell. This
defect is ordinarily without adverse effects. It is only when these
i ndi vidual s are chall enged wi th conpounds that oxidatively stress
erythrocytes (such as prinmaquine) that there is a henolytic response.
Reactors to prinmaqui ne (and fava beans) are found predom nantly anong
groups that live in or trace their ancestry to nal ari a-hyperendem c
areas such as the Mediterranean region or Africa. The incidence of
"primaqui ne sensitivity" anong Kurds, a Mddle Eastern population, is
53% Anmong Anerican bl acks, the incidence is 13% Thus, individuals
al ready exhibiting primqui ne sensitivity would be expected to be nore
vul nerable to the additional henolytic crisis that often follows 5 to
6 days after nitrobenzene exposure (CGosselin et al. 1984; Von Cettingen
1941) .
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The presence of susceptible populations in the workplace is
obvi ously of great concern since chronic and potentially high | evels of
exposure to nitrobenzene conbined with a genetic predisposition toward
met henogl obi nem a can put certain individuals at very high risk (Linch
1974) .

2.8 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
heal th effects of nitrobenzene is avail able. Wiere adequate information
is not available, ATSDR, in conjunction with the National Toxicol ogy
Program (NTP), is required to assure the initiation of a program of
research designed to determ ne the health effects (and techni ques for
devel opi ng nmethods to determ ne such health effects) of nitrobenzene.

The follow ng categories of possible data needs have been
identified by a joint teamof scientists from ATSDR, NTP, and EPA. They
are defined as substance-specific informational needs that, if nmet would
reduce or elimnate the uncertainties of human heal th assessnment. 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 N trobenzene

The existing data on health effects of inhalation, oral, and derma
exposure of humans and aninmals to nitrobenzene are sunmarized in
Figure 2-3. The purpose of this figure is to illustrate the existing
i nformati on concerning the health effects of nitrobenzene. 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.

2.8.2 ldentification of Data Needs

Acut e-Dur ati on Exposure. Case studies of acute-duration human
exposure to nitrobenzene via inhalation and the oral route indicate that
met henogl obinem a is the major adverse effect found in humans. No data
are avail abl e on human dermal exposure. Acute-duration studies
conducted in rats via the inhalation and oral routes and in mce via the
dermal route have al so resulted in nethenogl obinem a as well as various
ot her system c, neurological, and testicular effects. The data are not
considered to be appropriate to use in calculating an MRL by any route
because species- and strain-related differences in sensitivity have been
noted in internedi ate-duration inhalation studies in mce and rats, and
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it is possible that human sensitivity to nmethenogl obin formation may
greatly exceed that of the test aninmals used in these studies. The
avai |l abl e toxi cokinetic data do not provide insight as to the possible
reasons for the observed differences in rodent studies. However, there
is no apparent need for further animal studies by any route of exposure
for this duration period.

| nt er medi at e- Durati on Exposure. No data are avail able on human

exposure to nitrobenzene by any route for this duration period. Data in
animals are limted to two inhalation studies in rodents. Effects in
rats included net henogl obi nem a, renal and hepatic necrosis, splenic

| esions, and testicular necrosis. Methenogl obi nem a and adrenal | esions
were reported in mce. The avail able data were not considered to be
adequate to use in calculating an MEL for this route, because the

dat abase is very limted and because the different |evels of sensitivity
observed in mce and rats suggest that relative human sensitivity should
be cl osely studi ed before cal culations of MELs are attenpted. There are
no toxicokinetic data that provide a potential explanation for these

di fferences. However, there is no apparent need for further inhalation
studies for this duration period. A 90-day study via the oral route may
provi de useful information. However, the available informtion does not
clearly establish that oral or dermal exposure to nitrobenzene are
likely to occur in humans.

Chroni c-Durati on Exposure and Cancer. Avail abl e chronic-duration
studies in humans are limted to a case report of a wonan who was
occupational |y exposed to nitrobenzene and devel oped net henogl obi nem a
and hepatic and neurol ogical effects. Chronic duration data in animals
are limted to a two-generation inhalation study in rats that resulted
in testicular lesions. No studies using the oral or dernmal routes have
been | ocated and the avail able data are not consi dered appropriate to
use in calculating an MRL by any route. The results of a Chem cal
| ndustry Institute of Toxicology (CIIT) inhalation bioassay using rats
and m ce which was conpleted in 1987 should provide useful information
on the potential risks associated with chronic exposure to nitrobenzene
in the vicinity of hazardous waste sites and, to a greater extent, in
t he wor kpl ace. Al though nitrobenzene appears to be well absorbed via
the oral route, there are no data to suggest that |ong-term oral
exposure woul d be of concern in these popul ations. Dernal absorption of
ni trobenzene in the air has been denpnstrated in toxicokinetic studies
in humans. Based on the results of the CIIT two-year inhalation study,
chroni c-duration dermal application studies may be useful in assessing
t he possible effects of dermal contact with nitrobenzene in the
wor kpl ace.
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There are no avail able carcinogenicity data in humans or ani mals
using any route of exposure. Data fromthe CIIT inhal ati on bi oassay
shoul d provide valuable informati on on the carcinogenic potential of
ai rborne nitrobenzene. There is currently no apparent need for studies
using the oral or dermal route. However, as stated above, the results
of the CIIT bioassay may provide insight into the possible need for
dermal application studies.

Genotoxicity. There are no data on the genotoxic potential of
ni trobenzene in humans exposed via any route. The results of in vivo
tests in rats exposed via inhalation or orally and in vitro tests have
general ly been negative and do not suggest a potential concern for
exposed humans. Further studies in this area do not appear to be
needed.

Reproductive Toxicity. There are no data on the potenti al
reproductive effects in humans exposed to nitrobenzene via any route.
Data in animals include a 90-day inhalation study in rats that resulted
in testicular degeneration, a two-generation inhalation study in rats
that resulted in testicular |esions and decreased fertility, and a
si ngl e-dose gavage study in rats that resulted in testicular necrosis
and tenporarily decreased sperm|evels. These data suggest that simlar
i nformati on on nmen exposed to nitrobenzene in the area of hazardous
waste sites or in the workplace would be extrenely useful. In addition,
in any further animal studies conducted by any route and for any
duration period, data on reproductive organ hi stopathol ogy resulting
fromnitrobenzene exposure as well as toxicokinetic data on the
di stribution of nitrobenzene to the reproductive organs woul d be
val uabl e i nformati on.

Devel opnent al Toxi col ogy. There are no avail able data on the
devel opnental effects of nitrobenzene in humans exposed via any route
for any duration period. The results of inhalation studies in rats and
rabbits have been negative. There is no apparent need for further
studies in this area. However, if any further devel opnental studies are
conducted, it would be useful to have data on aninals exposed earlier in
the gestation period than day 6 (which was the earlier gestation day in
the two avail abl e i nhal ati on studies).

| mmunotoxicity. No studies were |ocated relating to immunotoxic
effects in humans or ani mals exposed to nitrobenzene via any route.
However, splenic | esions have been reported in mce and rats exposed to
ni trobenzene via inhalation in both acute- and internedi ate-duration
studi es. These results suggest that a battery of immune function tests
in ani mal s exposed via inhalation and orally would provide useful
information. The results of the CIIT bioassay, however, my provide
sone information on this end point.
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Neur ot oxi city. Neurol ogical effects including headache, nausea,
vertigo, and confusion have been reported in case studies of hunmans
exposed to nitrobenzene by inhalation. In orally exposed persons, apnea
and coma have additionally been reported. No data are available in
humans exposed via the dermal route. In animl studies, brain |esions
have been observed in mce and rats exposed by inhalation and in rats
that received a single oral dose. No data are available in animals
exposed via the dermal route. Toxicokinetic studies in mce and rats
provi de evidence that nitrobenzene is distributed to brain tissue. Both
t he human and ani mal data provide clear evidence that nitrobenzene is a
neur ot oxi ¢ substance. Further studies in this area do not appear to be
needed. In addition, results of the CIIT two-year bioassay may provide
further information on this end point.

Epi dem ol ogi cal and Human Dosinmetry Studies. No epi dem ol ogi cal
studi es were | ocated regardi ng human health effects from nitrobenzene
exposure. Studies of occupationally exposed popul ati ons woul d probably
provi de useful information. Areas of mmjor interest would include
nmet henogl obin | evel s, effects on reproductive function, imunol ogi cal
status, and neurobehavi oral function.

Bi omar kers of Exposure and Effect. The presence of p-nitrophenol
in urine serves as a satisfactory biomarker of nitrobenzene exposure.
Because nitrobenzene netabolites, nitrosobenzene and
phenyl hydr oxyl am ne, bind to henoglobin in the blood of rats and m ce,
t he presence of these henopgl obin adducts in human bl ood may al so serve
as biomarkers of nitrobenzene exposure. More information on this
possibility would be useful.

The presence of increased | evels of nethenoglobin can indicate
exposure to nitrobenzene as well as to any of several other toxic
subst ances. Therefore, nethenogl obinem a by itself would not serve as a
satisfactory bionmarker of effect for nitrobenzene. Further study in
this area does not appear to be potentially useful.

Absorption, Distribution, Metabolism Excretion. Absorption data for
humans exposed to nitrobenzene via inhalation and the dermal route
indicate that it is efficiently absorbed by these routes. Although
absorption studies using the oral route have not been | ocated for
humans, the avail abl e case studi es suggest that it can al so be absorbed
via ingestion. However, quantitative data are lacking. Simlarly, in
animal s, quantitative absorption studies using inhalation or dernal
application are not available, but the available toxicity data using
t hese routes suggest that absorption does take place. This does not
appear to be a priority area for further research.
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No distribution data are avail able for humans exposed to
ni trobenzene via any route. Data in animals are limted to oral studies
inrats and mce that indicate that there is sone distribution to the
bl ood, |iver, brain, kidney, and lung. Not all tissues have been
anal yzed in these studi es. Conprehensive distribution studies for
ni trobenzene adm nistered to mce and rats via all three routes woul d be
very hel pful in predicting the organ systens at potential risk in
exposed humans.

Met abol i sm data avail abl e for nitrobenzene suggest that species
and/or strain differences in toxicity nay be related to the netabolic
activities of intestinal bacteria that convert it to its toxic
nmetabolite aniline. This is an area in which further study may be
hel pful in making conpari sons of human sensitivity with that of other
animals and thus may aid in the interpretation of the currently
avai |l abl e ani mal studies and their relevance to humans.

Excretion data are avail able for hunmans exposed to nitrobenzene via
the inhalation, oral, and dermal routes. The avail able ani mal studies
have used the oral route. Urine appears to be the major route of
excretion, although this has not been clearly established. There is no
apparent need for further studies in this area.

Conpar ati ve Toxi cokinetics. Species and strain differences in
response to nitrobenzene exposure have been noted in inhalation studies
using mce and rats. The reason for these differences and the
t oxi coki netics involved are not understood. Additional toxicokinetic
studies in species other than rodents and attenpts to estinmate the
sensitivity of humans relative to these test species would be val uabl e
aids ininterpreting the results of available toxicity studies and in
under st andi ng i ndi vidual differences noted in response to nitrobenzene
exposure.

2.8.3 On-going Studies

The CIIT has been preparing a final report on their two-year
carcinogenicity studies of nitrobenzene admnistered to mce and rats
via inhalation. No other research activities on nitrobenzene are known
to be currently in progress.








