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CAS # 98-95-3 CsHsNO2
RTECS # DA6475000 Molecular mass: 123.1
UN # 1662
EC Annex 609-003-00-7
1Index #
EC/EINECS 202-716-0
#
TYPES OF
ACUTE HAZARDS FIRST AID / FIRE
HAZARD / / SYMPTOMS PREVENTION FIGHTING
EXPOSURE
FIRE Combustible. Gives off NO open flames. Water spray. Alcohol-
irritating or toxic fumes (or resistant foam. Dry
gases) in a fire. powder. Carbon dioxide.
EXPLOSION Above 88T explosive Above 88T use a closed | In case of fire: keep
vapour/air mixtures may system, ventilation. drums, etc., cool by
be formed. Risk of fire and spraying with water.
explosion (see Chemical
Dangers).
AVOID ALL CONTACT! IN ALL CASES
EXPOSURE CONSULT A DOCTOR!
Inhalation Headache. Blue lips or Ventilation, local exhaust, | Fresh air, rest. Artificial
finger nails. Blue skin. or breathing protection. respiration may be
Dizziness. Nausea. needed. Refer for medical
Weakness. Confusion. attention.
Convulsions.
Unconsciousness.
Skin MAY BE ABSORBED! Protective gloves. Remove contaminated
(Further see Inhalation). Protective clothing. clothes. Rinse and then
wash skin with water and
soap. Refer for medical
attention.
Eyes Safety goggles. First rinse with plenty of
water for several minutes
(remove contact lenses if
easily possible), then take
to a doctor.
Ingestion (see Inhalation). Do not eat, drink, or Rinse mouth. Give a slurry
smoke during work. of activated charcoal in
water to drink. Rest. Refer
for medical attention.




SPILLAGE DISPOSAL

Personal protection: complete protective clothing
including self-contained breathing apparatus. Collect
leaking and spilled liquid in sealable containers as far
as possible. Absorb remaining liquid in sand or inert
absorbent and remove to safe place. Do NOT let this
chemical enter the environment.

EMERGENCY RESPONSE

Transport Emergency Card: TEC (R)-61S1662 or
61GT1-1l NFPA Code: H 3; F 2; R 1;
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IMPORTANT DATA

PHYSICAL STATE; APPEARANCE:
PALE YELLOW OILY LIQUID , WITH
CHARACTERISTIC ODOUR.

CHEMICAL DANGERS:

On combustion, forms toxic and corrosive fumes
including nitrogen oxides. Reacts violently with strong
oxidants and reducing agents causing fire and
explosion hazard. Reacts violently with strong acids
and nitrogen oxides causing explosion hazard.

OCCUPATIONAL EXPOSURE LIMITS:

TLV: 1 ppm as TWA,; (skin); A3 (confirmed animal
carcinogen with unknown relevance to humans); BEI
issued; (ACGIH 2005).

MAK: skin absorption (H); Carcinogen category: 3B;
BAT issued; (DFG 2006).

EU OEL: 1 mg/m3, 0.2 ppm as TWA (skin) (EU 2006).
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PACKAGING & LABELLING

Do not transport with food and feedstuffs.

EU Classification

Symbol: T, N

R: 23/24/25-40-48/23/24-51/53-62

S: (1/2-)28-36/37-45-61

UN Classification

UN Hazard Class: 6.1

UN Pack Group: Il

GHS Classification

Danger

Harmful if swallowed

Toxic if inhaled vapour

Toxic in contact with skin

Suspected of causing cancer

Suspected of damaging fertility or the unborn child
May cause damage to blood cells

Harmful to aquatic life with long lasting effects

STORAGE

Separated from combustible and reducing substances,
strong oxidants, strong acids, food and feedstuffs.
Store in an area without drain or sewer access.

Prepared in the context of cooperation
between the International Programme on
n Chemical Safety and the Commission of the
* European Communities © IPCS, CEC 2005

SEE IMPORTANT INFORMATION ON
BACK

ICSC: 0065

ROUTES OF EXPOSURE:
The substance can be absorbed into the body by
inhalation through the skin and by ingestion

INHALATION RISK:

A harmful contamination of the air will be reached
rather slowly on evaporation of this substance at 20C;
on spraying or dispersing, however, much faster.

EFFECTS OF SHORT-TERM EXPOSURE:

The substance may cause effects on the blood ,
resulting in the formation of methaemoglobin. Exposure
could cause lowering of consciousness. The effects
may be delayed. Medical observation is indicated.

EFFECTS OF LONG-TERM OR REPEATED
EXPOSURE:

The substance may have effects on the blood, spleen
and liver. This substance is possibly carcinogenic to
humans. Animal tests show that this substance
possibly causes toxicity to human reproduction or
development.



PHYSICAL PROPERTIES

Boiling point: 211C Relative density of the vapour/air-mixture at 20C (air =
Melting point: 5C 1): 1.00

Relative density (water = 1): 1.2 Flash point: 88C c.c.

Solubility in water, g/100 ml: 0.2 Auto-ignition temperature: 480C

Vapour pressure, Pa at 20C: 20 Explosive limits, vol% in air: 1.8-40

Relative vapour density (air = 1): 4.2 Octanol/water partition coefficient as log Pow: 1.86

ENVIRONMENTAL DATA

The substance is harmful to aquatic organisms. It is strongly advised that this substance does not enter the
environment.

NOTES

Use of alcoholic beverages enhances the harmful effect. Depending on the degree of exposure, periodic medical
examination is suggested. Specific treatment is necessary in case of poisoning with this substance; the
appropriate means with instructions must be available. Do NOT take working clothes home.

Card has been partly updated in October 2006: see sections Occupational Exposure Limits. Card has been
partially updated in January 2008: see GHS classification.

ADDITIONAL INFORMATION

LEGAL NOTICE Neither the CEC nor the IPCS nor any person acting on behalf of the CEC or the IPCS is
responsible for the use which might be made of this information

© IPCS, CEC 2005



NOTE TO READERS OF THE CRITERIA MONOGRAPHS

Every effort has been made to present informatahe criteria monographs as accurately as
possible without unduly delaying their publicatidmthe interest of all users of the
Environmental Health Criteria monographs, readergequested to communicate any errors
that may have occurred to the Director of the maional Programme on Chemical Safety,
World Health Organization, Geneva, Switzerlandyrider that they may be included in
corrigenda.

* % %

The WHO Environmental Health Criteria Programménancially supported by the US
Environmental Protection Agency, European Commigsigerman Federal Ministry of the
Environment, Nature Conservation, and Nuclear $aéetd Japanese Ministry of Health,
Labour and Welfare.

The Task Group meeting was arranged by the Fraenhadtitute of Toxicology and Aerosol
Research (now known as the Fraunhofer Institutaladlation Toxicology and
Environmental Medicine), Germany.

Environmental Health Criteria
PREAMBLE
Objectives

In 1973 the WHO Environmental Health Criteria Paogme was initiated with the following
objectives:

I.  to assess information on the relationship betwagosure to environmental
pollutants and human health, and to provide gudslifor setting exposure limits;
ii.  to identify new or potential pollutants;
iii.  to identify gaps in knowledge concerning the heaftacts of pollutants;
Iv.  to promote the harmonization of toxicological apidemiological methods in order
to have internationally comparable results.

The first Environmental Health Criteria (EHC) monagh, on mercury, was published in
1976, and since that time an ever-increasing numbassessments of chemicals and of
physical effects have been produced. In additianyrEHC monographs have been devoted
to evaluating toxicological methodology, e.g., @netic, neurotoxic, teratogenic and
nephrotoxic effects. Other publications have bemrcerned with epidemiological guidelines,
evaluation of short-term tests for carcinogensmairkers, effects on the elderly and so forth.

Since its inauguration the EHC Programme has widiésescope, and the importance of
environmental effects, in addition to health eféetias been increasingly emphasized in the
total evaluation of chemicals.

The original impetus for the Programme came frontld/blealth Assembly resolutions and
the recommendations of the 1972 UN Conference eiitiman Environment. Subsequently
the work became an integral part of the Internaiéirogramme on Chemical Safety (IPCS),



a cooperative programme of UNEP, ILO and WHO. Ia thanner, with the strong support of
the new partners, the importance of occupationaltihh@nd environmental effects was fully
recognized. The EHC monographs have become widépkshed, used and recognized
throughout the world.

The recommendations of the 1992 UN Conference atir@rment and Development and the
subsequent establishment of the Intergovernmeptainfk on Chemical Safety with the
priorities for action in the six programme areas£bagapter 19, Agenda 21, all lend further
weight to the need for EHC assessments of the okkkemicals.

Scope

The criteria monographs are intended to providicatireviews on the effect on human
health and the environment of chemicals and of ¢oations of chemicals and physical and
biological agents. As such, they include and rewstwdies that are of direct relevance for the
evaluation. However, they do not descrdwerystudy carried out. Worldwide data are used
and are quoted from original studies, not from i@as$$ or reviews. Both published and
unpublished reports are considered, and it is if@nnhon the authors to assess all the articles
cited in the references. Preference is always diwgrublished data. Unpublished data are
used only when relevant published data are absemnthen they are pivotal to the risk
assessment. A detailed policy statement is availdiat describes the procedures used for
unpublished proprietary data so that this infororattan be used in the evaluation without
compromising its confidential nature (WHO (1990VRed Guidelines for the Preparation of
Environmental Health Criteria Monographs. PCS/90@8&neva, World Health

Organization).

In the evaluation of human health risks, sound hudeata, whenever available, are preferred
to animal data. Animal and vitro studies provide support and are used mainly tplgup
evidence missing from human studies. It is mangatwat research on human subjects is
conducted in full accord with ethical principlesciuding the provisions of the Helsinki
Declaration.

The EHC monographs are intended to assist nateorthinternational authorities in making
risk assessments and subsequent risk managemesibdecThey represent a thorough
evaluation of risks and are not, in any sense,magendations for regulation or standard
setting. These latter are the exclusive purviewatifonal and regional governments.

Content
The layout of EHC monographs for chemicals is aetli below.

« Summary — a review of the salient facts and theeisluation of the chemical
- ldentity — physical and chemical properties, anefftmethods

« Sources of exposure

- Environmental transport, distribution and transfation

« Environmental levels and human exposure

- Kinetics and metabolism in laboratory animals anthans

« Effects on laboratory mammals aimdvitro test systems

- Effects on humans

« Effects on other organisms in the laboratory aaliifi



« Evaluation of human health risks and effects oreth@ronment

« Conclusions and recommendations for protectioruofidm health and the
environment

« Further research

« Previous evaluations by international bodies, édRC, JECFA, IMPR

Selection of chemicals

Since the inception of the EHC Programme, the IR@Sorganized meetings of scientists to
establish lists of priority chemicals for subsedumraluation. Such meetings have been held
in Ispra, Italy, 1980; Oxford, United Kingdom, 19&krlin, Germany, 1987; and North
Carolina, USA, 1995. The selection of chemicalstieen based on the following criteria: the
existence of scientific evidence that the subst@mesents a hazard to human health and/or
the environment; the possible use, persistenceyaaation or degradation of the substance
shows that there may be significant human or enmrental exposure; the size and nature of
populations at risk (both human and other speaieg)risks for environment; international
concern, i.e., the substance is of major integeseveral countries; adequate data on the
hazards are available.

If an EHC monograph is proposed for a chemicalamothe priority list, the IPCS Secretariat
consults with the Cooperating Organizations anthallParticipating Institutions before
embarking on the preparation of the monograph.

Procedures

The order of procedures that result in the pubbcadf an EHC monograph is shown in the
flow chart. A designated staff member of IPCS, oesible for the scientific quality of the
document, serves as Responsible Officer (RO). PRSI Editor is responsible for layout and
language. The first draft, prepared by consultantsnore usually, staff from an IPCS
Participating Institution, is based on extensiterature searches from reference databases
such as Medline and Toxline.

The draft document, when received by the RO, magyire an initial review by a small panel
of experts to determine its scientific quality agjectivity. Once the RO finds the document
acceptable as a first draft, it is distributeditsnunedited form, to well over 150 EHC contact
points throughout the world who are asked to controents completeness and accuracy and,
where necessary, provide additional material. Tdrgact points, usually designated by
governments, may be Participating Institutions, 3F&dcal Points or individual scientists
known for their particular expertise. Generally sofour months are allowed before the
comments are considered by the RO and author(sg¢cénd draft incorporating comments
received and approved by the Director, IPCS, in thistributed to Task Group members, who
carry out the peer review, at least six weeks lectioeir meeting.

The Task Group members serve as individual scisptist as representatives of any
organization, government or industry. Their funitis to evaluate the accuracy, significance
and relevance of the information in the documenttarassess the health and environmental
risks from exposure to the chemical. A summary@edmmendations for further research
and improved safety aspects are also requiredcdimposition of the Task Group is dictated
by the range of expertise required for the sulpéthe meeting and by the need for a
balanced geographical distribution.
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EHC PREPARATION FLOW CHART

The three cooperating organizations of the IPC8geize the important role played by
nongovernmental organizations. Representatives fed@vant national and international
associations may be invited to join the Task Grasipbservers. Although observers may
provide a valuable contribution to the processy tten speak only at the invitation of the
Chairperson. Observers do not participate in thal ®valuation of the chemical; this is the
sole responsibility of the Task Group members. WhenTask Group considers it to be
appropriate, it may meet camera

All individuals who as authors, consultants or advs participate in the preparation of the

EHC monograph must, in addition to serving in tipgrsonal capacity as scientists, inform

the RO if at any time a conflict of interest, whatlactual or potential, could be perceived in
their work. They are required to sign a conflicirtterest statement. Such a procedure ensures
the transparency and probity of the process.



When the Task Group has completed its review aadRd is satisfied as to the scientific
correctness and completeness of the documengntgbes for language editing, reference
checking and preparation of camera-ready copy.r&gp@roval by the Director, IPCS, the
monograph is submitted to the WHO Office of Pulilmas for printing. At this time a copy

of the final draft is sent to the Chairperson amghporteur of the Task Group to check for any
errors.

It is accepted that the following criteria shouldtiate the updating of an EHC monograph:
new data are available that would substantiallyngeahe evaluation; there is public concern
for health or environmental effects of the agemduse of greater exposure; an appreciable
time period has elapsed since the last evaluation.

All Participating Institutions are informed, thrduthe EHC progress report, of the authors
and institutions proposed for the drafting of tleewments. A comprehensive file of all
comments received on drafts of each EHC monogsaptaintained and is available on
request. The Chairpersons of Task Groups are drledéore each meeting on their role and
responsibility in ensuring that these rules artoWéd.

WHO TASK GROUP ON ENVIRONMENTAL HEALTH CRITERIA FOR
NITROBENZENE

Members
Dr John Cocker, Health and Safety Laboratory, $#leffUnited Kingdom

Dr Les Davies, Office of Chemical Safety, Therape@oods Administration, Australian
Department of Health and Ageing, Canberra, Australi

Dr James W. Holder, National Center for EnvironmaéAissessment, Office of Research and
Development, US Environmental Protection Agencyskagton, DC, USA

Dr Jorma Méaki-Paakkanen, Division of Environmemadicine, National Public Health
Institute, Kuopio, Finland

Dr Inge Mangelsdorf, Fraunhofer Institute of Toxamy and Experimental Medicine,
Hanover, German{Chairperson)

Ms Fatoumata Jallow Ndoye, National Environment#@ge Banjul, Gambia

Dr Sumol Pavittranon, Toxicology and Environmeriaboratory, Ministry of Public Health,
Nonthaburi, Thailand

Dr Vesa Riihimé&ki, Finnish Institute of Occupatibiiealth, Helsinki, FinlangVice-
Chairperson)

Dr Gilbert Schonfelder, Institute for Clinical Phaacology and Toxicology, University
Hospital Benjamin Franklin, Berlin, Germany

Dr Jenny Stauber, CSIRO Energy Technology, Barg8SkyV, Australia(Rapporteur)



Secretariat

Ms Vida Gyamerah, International Programme on Chah8afety, World Health
Organization, Geneva, Switzerland

Mr Yoshikazu Hayashi, International Programme oe@ital Safety, World Health
Organization, Geneva, Switzerland

Dr J. Kielhorn, Fraunhofer Institute of Toxicologpd Experimental Medicine, Hanover,
Germany

Observer
Dr Friedhelm Pilger, Bayer AG, Leverkusen, Germany
ENVIRONMENTAL HEALTH CRITERIA FOR NITROBENZENE

A WHO Task Group on Environmental Health Critewa Nitrobenzene met at the
Fraunhofer Institute of Toxicology and Experimertddicine, Hanover, Germany, from 19
to 23 February 2001. Mr Y. Hayashi, Programme lierRromotion of Chemical Safety,
WHO, opened the meeting and welcomed the partitspam behalf of the IPCS and its three
cooperative organizations (UNEP/ILO/WHO). The T&skoup reviewed and revised the
draft monograph and made an evaluation of the fakiBuman health and the environment
from exposure to nitrobenzene.

The first draft was prepared by L. Davies, Offiée&Ctnemical Safety, Therapeutic Goods
Administration, Australian Department of Health akgking, Canberra, Australia. The
second draft was also prepared by the same authorincorporated comments received
following the circulation of the first draft to tHECS contact points for Environmental Health
Criteria monographs.

Mr Y. Hayashi and Mr. T. Ehara were responsibletifier overall scientific content of the
monograph, and Dr A. Aitio was responsible for coating the technical editing of the
monograph.

The efforts of all who helped in the preparatiod &nalization of the monograph are
gratefully acknowledged.

* % %

Financial support for this Task Group was providgdhe Government of Japan and the
Government of Germany as part of their contribugitmthe IPCS.

ACRONYMS AND ABBREVIATIONS

AMP adenosine 5-monophosphate
BCF bioconcentration factor
BMD benchmark dose



BOD
BODs
CAMP
CAS
CHT
COD
DMPO
DNA
DOC
EGCso
EDTA
EHC
EPA
ESR
EU
FAO
FID
FSH
FTIR
GC
GSH
GSSG
Hb
HCs

HPLC
HRGC
IARC
ICs0

biochemical oxygen demand

5-day biochemical oxygen demand
cyclic adenosine 5'-monophosphate
Chemical Abstracts Service

Chemical Industry Institute of Toxicology
chemical oxygen demand
5,5-dimethyl-1-pyrrolindN-oxide
deoxyribonucleic acid

dissolved organic carbon

median effective concentration
ethylenediaminetetraacetic acid
Environmental Health Criteria monograph
Environmental Protection Agency (USA)
electron spin resonance

European Union

Food and Agriculture Organization of the Unitédtions
flame ionization detector

follicle stimulating hormone

Fourier transform infrared spectrometry
gas chromatography

glutathione

oxidized glutathione dimer

haemoglobin

hazardous concentration to protect 95% of speuidsan associated
confidence level

high-performance liquid chromatography
high-resolution gas chromatography
International Agency for Research on Cancer

median inhibitory concentration
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ILO
IPCS
IUPAC
JECFA
JMPR
Kd

Koc

Kom

Ksed
LCso
LMS
LOAEL
LOEC
LOEL
MDT
MITI
MS
MTD
NAD
NADP
NADPH
NIOSH
NOAEL
NOEC
NOEL
NTP
OECD

International Labour Organization

International Programme on Chemical Safety
International Union of Pure and Applied Chstry

Joint Expert Committee on Food Additives @uhtaminants
Joint FAO/WHO Meeting on Pesticide Residues

soil sorption coefficient

organic carbon/water partition coefficient

organic matter/water partition coefficient

octanol/water partition coefficient

soil/sediment sorption coefficient

median lethal concentration

linearized multistage

lowest-observed-adverse-effect level
lowest-observed-effect concentration
lowest-observed-effect level

maximum dose tested
Ministry of International Trade and Industrygpan)

mass spectrometry

maximum tolerated dose

nicotinamide adenine dinucleotide

nicotinamide adenine dinucleotide phosphate
nicotinamide adenine dinucleotide phosphagéyced form
National Institute for Occupational Safetylatealth (USA)
no-observed-adverse-effect level

no-observed-effect concentration

no-observed-effect level

National Toxicology Program (USA)

Organisation for Economic Co-operation andddgvment
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ppb part per billion (one billion = 1 000 000 000)
ppm part per million

ppt part per trillion

RO Responsible Officer

RTECS Registry of Toxic Effects of Chemical Substmn
SI International System of Units (Systéme inteorai d’unités)
STORET STOrage and RETrieval (US EPA database)
ty, half-life

TLV threshold limit value

TOC total organic carbon

UCL upper confidence limit

UN United Nations

UNEP United Nations Environment Programme

uv ultraviolet

VSD virtually safe dose

WHO World Health Organization

1. SUMMARY

1.1 Identity, physical and chemical properties, and
analytical methods

Nitrobenzene is a colourless to pale yellow oiyuld with an odour resembling that of bitter
almonds or "shoe polish.” It has a melting poinbaf °C and a boiling point of 211 °C. Its
vapour pressure is 20 Pa at 20 °C, and its saiylmliwater is 1900 mg/litre at 20 °C. It
represents a fire hazard, with a flash point (dosg method) of 88 °C and an explosive
limit (lower) of 1.8% by volume in air. Its log @utol/water partition coefficient is 1.85.

A range of analytical methods is available for guantification of nitrobenzene in air, water
and soil samples. Methods for the monitoring of keos systemically exposed to
nitrobenzene are also available. A reversed-phigegerformance liquid chromatographic
method for the determination of urinary metabolitasludingp-nitrophenol (also a urinary
metabolite of the organophosphorus insecticideatpam and parathion-methyl), appears
suitable. Methods are also available for the deteation of aniline released from
haemoglobin adducts and for the determination dhaemoglobin, which is produced by
nitrobenzene metabolites.
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1.2 Sources of human and environmental exposure

Nitrobenzene does not occur naturally. It is alsgtit compound, more than 95% of which is
used in the production of aniline, a major chemictdrmediate that is used in the
manufacture of polyurethanes; nitrobenzene isad&a as a solvent in petroleum refining, as
a solvent in the manufacture of cellulose ethetsaetates, in the manufacture of
dinitrobenzenes and dichloroanilines, and in thelsysis of other organic compounds,
including acetaminophen.

Early in the 20th century, nitrobenzene had soneeassa food additive (substitute for almond
essence) as well as extensive use as a solveatious proprietary products, including boot
polish, inks (including inks used for stamping frigdaundered hospital baby diapers) and
several disinfectants, so there was a significaterdial for public exposure at that time.

From available records, it is apparent that thalleen a significant increase in annual
production of nitrobenzene over the past 30—40syddost is retained in closed systems for
use in further synthesis, particularly of anilibet also of substituted nitrobenzenes and
anilines. Losses during production of nitrobenzareelikely to be low; when nitrobenzene is
used as a solvent, however, emissions may be hilitesbenzene has been shown to be
emitted from sewage sludge incineration units aasllieen measured in air at hazardous
waste landfills.

Nitrobenzene can be formed from the atmospherticgaof benzene in the presence of
nitrogen oxides, although this source has not loe@mtified. Aniline has been reported to be
slowly oxidized by ozone to nitrobenzene.

1.3 Environmental transport, distribution and
transformation

Nitrobenzene can undergo degradation by both pymsoand microbial biodegradation.

The physical properties of nitrobenzene suggestithasfer from water to air will be
significant, although not rapid. Photodegradatibnitobenzene in air and water is slow.
From direct photolysis experiments in air, lifeteraf <1 day were determined, whereas the
calculated half-lives for the reaction with hydrbxgdicals were in the range between 19 and
223 days. With ozone, the reaction proceeds ever stowly. Experiments in a smog
chamber with a propylene/ butane/nitrogen dioxidetune gave an estimated lifetime for
nitrobenzene between 4 and 5 days. In water bodiiesit photolysis appears to be the
degradation pathway that proceeds most rapidly-(ivals between 2.5 and 6 days), whereas
indirect photolysis (photo-oxidation with hydroxygdicals, hydrogen atoms or hydrated
electrons, sensitization with humic acids) playsiaor role (calculated half-lives between
125 days and 13 years for the reaction with hydreagicals, depending on sensitizer
concentration).

Due to its moderate water solubility and relativielyw vapour pressure, it might be expected
that nitrobenzene would be washed out of the athmrgpby rain to some extent; however, in
field experiments, it appeared that washout byfadli(either through solution in raindrops or
by removal of nitrobenzene sorbed onto particujedad dryfall of particulates was
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negligible. Because of its vapour density (4.1-4i2fes that of air), removal processes from
the atmosphere may include settling of vapours.

Actual data on evaporation of nitrobenzene fromewhbdies appear to be somewhat
conflicting, with a computer model predicting valiaation half-lives of 12 days (river) to 68
days (eutrophic lake). The shortest estimate a@iteke literature was 1 day (from river
water); in another study of experimental microcaossimaulating land application of
wastewater, nitrobenzene was reported not to Viakatiut to be totally degraded.

Degradation studies suggest that nitrobenzenegiaded in sewage treatment plants by
aerobic processes, with slower degradation undegrabic conditions. Nitrobenzene may not
necessarily be completely degraded if it is preaehigh concentrations in wastewater. High
concentrations may also inhibit the biodegradatibother wastes. Biodegradation of
nitrobenzene depends mainly on the acclimatiom@iicrobial population. Degradation by
non-acclimated inocula is generally very slow tgliggble and proceeds only after extended
acclimation periods. Acclimated microorganismstipafarly from industrial wastewater
treatment plants, however, showed complete elinunadf nitrobenzene within a few days.
Degradation was generally found to be increasdldampresence of other easily degradable
substrates. Adaptation of the microflora and adddl substrates also seem to be the limiting
factors for the decomposition of nitrobenzene iih §&egradation of nitrobenzene under
anaerobic conditions has been shown to be very, €oan after extended acclimation
periods.

The measured bioconcentration factors for nitrobaazn a number of organisms indicate
minimal potential for bioaccumulation, and nitrokene is not biomagnified through the
food-chain. Nitrobenzene may be taken up by plantayailable studies, however, it
appeared to be associated with roots, and velgy s associated with other parts of the
plant. In a simulated "farm pond" aquatic ecosysteitnobenzene remained mainly in the
water and was neither stored nor ecologically nfaghin water fleas, mosquito larvae,
snails, algae, miscellaneous plankton or fish.

1.4 Environmental levels and human exposure

Concentrations of nitrobenzene in environmental@asisuch as surface water, groundwater
and air are generally low.

Some measured levels in air in US cities in théyel?#80s ranged between <0.05 and 2.1
ng/m® (<0.01 and 0.41 ppb) (arithmetic means). Datantefdoy the US Environmental
Protection Agency in 1985 indicated that less 8% of air samples in the USA were
positive, with a median concentration of about ug8n° (0.01 ppb); in urban areas, mean
levels were generally less thamd/m® (0.2 ppb), with slightly higher levels in industri

areas (mean 2,0/m° [0.40 ppb]). Of 49 air samples measured in Japd®91, 42 had a
detectable level, measured as 0.0022—(dl6r. Levels over urban areas and waste disposal
sites were significantly lower (or undetectableinter than in summer.

Data on nitrobenzene levels in surface water apjoelae more extensive than data on levels
in air. While levels are variable depending on taaand season, generally low levels
(around 0.1-Lg/litre) have been measured. One of the highestdaeported was 67

ug/litre, in the river Danube, Yugoslavia, in 198bwever, nitrobenzene was not detected in
any surface water samples collected near a langdeuof hazardous waste sites in the USA

14



(reported in 1988). Based on limited data, it appéaat there may be greater potential for
contamination of groundwater than of surface watevgral sites measured in the USA in the
late 1980s had levels of 210-250 and 14@litre (with much higher levels at a coal
gasification site). Nitrobenzene has been repantetudies conducted in the 1970s and 1980s
on drinking-water in the USA and the United Kingdatbeit in only a small proportion of
samples, but was not detected in 30 Canadian sar(f982 report).

No data on nitrobenzene occurrence in food weraténk; although Japanese studies
conducted in 1991 detected it in a small propor(bof 147) of fish samples. It was not
detected in a large range of sampled biota in & 198 study.

The general population can be exposed to variabieantrations of nitrobenzene in air and
possibly drinking-water. There is also potentigb@sure from consumer products, but
accurate information is lacking. In studies condddnh the state of New Jersey on the eastern
coast of the USA (warm to hot summers and coldety ¢old winters), urban areas had
higher levels in summer than in winter due to kb#information of nitrobenzene by nitration
of benzene (from petrol) and the higher volatibfynitrobenzene during the warmer months;
ambient air exposure in the winter may be neglegiBlased on air studies and on estimates of
releases during manufacture, only populationsewihinity of manufacturing activities (i.e.,
producers and industrial consumers of nitrobentensubsequent synthesis) and petroleum
refining plants are likely to have any significaxposure to nitrobenzene. However, people
living in and around abandoned hazardous waste sitgy also have the potential for higher
exposure, due to possible groundwater and soibooiniation and uptake of nitrobenzene by
plants.

Occupational exposure levels should be less thawitiely adopted airborne exposure limit
of 5 mg/n? (1 ppm). Based on available data, it appearsnitrabenzene is well absorbed
dermally, both in vapour form and as a liquid; #fere, dermal exposure may be significant,
but data are lacking.

1.5 Kinetics and metabolism

Nitrobenzene is a volatile liquid that can readjin access to the body by inhalation and
skin penetration of the vapour, as well as by itigasand dermal absorption of the liquid.
Nitrobenzene activation in rats to methaemoglobmmring metabolites appears to be
mediated to a significant degree by intestinal oflora. In test animals, the major part of
nitrobenzene (about 80% of the dose) is metabobredeliminated within 3 days. The
remainder is eliminated only slowly. The slow compeent is likely due to erythrocyte
recycling of nitrobenzene redox forms and glutatkiconjugates. Covalent binding,
presumably to sulfhydryl groups of haemoglobin, Wemonstrated.

In rodents and rabbitg;nitrophenol ang-aminophenol are major urinary metabolites. In
humans, part of the absorbed dose is excretedhatarine; 10-20% of the dose is excreted
asp-nitrophenol (which thus may be used for biologitanitoring). The half-times of
elimination forp-nitrophenol are estimated to be about 5 h (inglese) and >20 h (late
phase). The urinary metabolpeaminophenol is significant only at higher doses.

1.6 Effects on laboratory mammals andn vitro test
systems
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Nitrobenzene causes toxicity in multiple organsabyoutes of exposure.
Methaemoglobinaemia results from oral, dermal, stdoeeous and inhalational nitrobenzene
exposure in mice and rats, with consequent haema@gbaemia, splenic congestion and liver,
bone marrow and spleen haematopoiesis.

Splenic capsular lesions were seen in rats by g@thge (at doses as low as 18.75 mg/kg of
body weight per day) and dermal (at 100 mg/kg afybweight per day and above) routes of
administration. Similar splenic lesions have presgilyg been observed with aniline-based
dyes, some of which produced splenic sarcomasronahcarcinogenicity studies in rats.
Effects on the liver were noted in mice and raterdfoth gavage and dermal administration
of nitrobenzene, with centrilobular hepatocyte nets, hepatocellular nucleolar enlargement,
severe hydropic degeneration and pigment accuroalatiKupffer cells reported. Increased
vacuolation of the X-zone of the adrenal gland nated in female mice after oral and dermal
dosing.

In subchronic oral and dermal studies in mice atsl, Icentral nervous system lesions in the
cerebellum and brain stem were life-threateningesehesions, including petechial
haemorrhages, may be direct toxic effects or mediby vascular effects of hypoxia or
hepatic toxicity. Depending on the dose, theseateuic effects were grossly apparent as
ataxia, head-tilt and arching, loss of rightinde®f tremors, coma and convulsions.

Other target organs included kidney (increased kegjomerular and tubular epithelial
swelling, pigmentation of tubular epithelial cellepsal epithelium (glandularization of the
respiratory epithelium, pigment deposition in aegeheration of olfactory epithelium),
thyroid (follicular cell hyperplasia), thymus (inkaion) and pancreas (mononuclear cell
infiltration), while lung pathology (emphysema, lat#asis and bronchiolization of alveolar
cell walls) was reported in rabbits.

The potential carcinogenicity and toxicity of inedInitrobenzene were evaluated following
long-term exposure (505 days) of male and femalé3® mice, male and female Fischer-
344 rats and male Sprague-Dawley rats. Survivalneasadversely affected at the
concentrations tested (up to 260 my[B0 ppm] for mice; up to 130 mgfhi25 ppm] for

rats), but inhaled nitrobenzene was toxic and naggnic in both species and both rat strains,
inducing a spectrum of benign and malignant (luhgroid, mammary gland, liver, kidney)
neoplasias.

Nitrobenzene was non-genotoxic in bacteria and mallamcellsin vitro and in mammalian
cellsin vivo. Studies reported included DNA damage and regaiays, gene mutation assays,
chromosomal effects assays and cell transformaissays.

Numerous studies have confirmed that nitrobenzeageésticular toxicant, with the most
sensitive spermatic end-points being sperm couhinaotility, followed by progressive
motility, viability, presence of abnormal sperm afidally, the fertility index.

In a two-generation reproductive toxicity studySprague-Dawley rats by the inhalational
route, nitrobenzene at 200 mg/(40 ppm), but not at 5 or 51 mgfifi or 10 ppm), caused a
large decrease in the fertility index of &1d k generations, associated with male
reproductive system toxicity; this decreased figytivas partially reversible, when the F
generation from the 200 mgfrgroup was mated with virgin untreated femalesr aft@-week
recovery period. However, in an oral dosing studthe same rat strain (20-100 mg/kg of
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body weight from 14 days premating to day 4 ofdéon), while pup body weight was
lowered and postnatal loss was increased, nitrarenwas without effect on reproductive
parameters. The lack of effect on fertility in teitsidy was due to the short premating dosage
interval and the fact that rats produce sperm iy lagge excess. Impaired male fertility with
significant testicular atrophy was seen in mice eats; effects in mice were apparent at
gavage doses of 300 mg/kg of body weight per dadydenmal doses of 800 mg/kg of body
weight per day and in rats at gavage doses of 7kgmd body weight per day and dermal
doses of 400 mg/kg of body weight per day. Testictdxicity was seen as desquamation of
the seminiferous epithelium, the appearance ofimudleated giant cells, gross atrophy and
prolonged aspermia. Nitrobenzene has direct effatthe testis, shown by vivo andin

vitro studies. Spermatogenesis is affected, with exfohaof predominantly viable germ cells
and degenerating Sertoli cells. The main histopathcal effects are degenerated
spermatocytes.

In general, maternal reproductive organs were fiettd, except for one study where uterine
atrophy was seen in mice after a dermal dose oh&§®g of body weight per day.

Developmental toxicity studies in rats and rabhiticated that inhalation exposure to
nitrobenzene did not result in fetotoxic, embryatax teratogenic effects at concentrations
sufficient to produce maternal toxicity. At the hegt concentration tested in these studies
(530 mg/ni [104 ppm] in a rabbit study), the mean numbenesbrption sites and percentage
of resorptions/implants were higher in this grol@rt in concurrent controls, but were within
the historical control range; maternal effects. (irecreased methaemoglobin levels and
increased liver weights) were noted from 210 migid ppm).

In a study on the immunotoxicity of nitrobenzend8BC3FR mice, nitrobenzene caused
increased cellularity of the spleen, a degree afimosuppression (diminished IgM response
to sheep red blood cells) and bone marrow stimarlatdost resistance to microbial or viral
infection was not markedly affected by nitrobenzeaiough there was a trend towards
increased susceptibility in cases in which T-cafidtion contributed to host defence.

1.7 Effects on humans

Nitrobenzene is toxic to humans by inhalationafpts and oral exposure. The main
systemic effect associated with human exposurérobenzene is methaemoglobinaemia.

Numerous accidental poisonings and deaths in hufn@msingestion of nitrobenzene have
been reported. In cases of oral ingestion or irctvithe patients were apparently near death
due to severe methaemoglobinaemia, terminatiompdsire and prompt medical
intervention resulted in gradual improvement arabvery. Although human exposure to
sufficiently high quantities of nitrobenzene canldidal via any route of exposure, it is
considered unlikely that levels of exposure higbwgh to cause death would occur except in
cases of industrial accidents or suicides.

The spleen is likely to be a target organ duringhén exposure to nitrobenzene; in a woman
occupationally exposed to nitrobenzene in paintriipdoy inhalation), the spleen was tender
and enlarged.

Liver effects, including hepatic enlargement antigness and altered serum chemistries,
have been reported in a woman inhalationally exgphos@itrobenzene.
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Neurotoxic symptoms reported in humans after irtla@laexposure to nitrobenzene have
included headache, confusion, vertigo and naudézctk in orally exposed persons have also
included those symptoms, as well as apnoea and.coma

1.8 Effects on organisms in the environment

Nitrobenzene appears to be toxic to bacteria andadaersely affect sewage treatment
facilities if present in high concentrations inlugnt. The lowest toxic concentration reported
for microorganisms is for the bacterilditrosomonaswith an EG of 0.92 mg/litre based
upon the inhibition of ammonia consumption. Otlegrarted values are a 72-h no-observed-
effect concentration (NOEC) of 1.9 mg/litre for {@tozoarEntosiphon sulcaturand an 8-
day lowest-observed-effect concentration (LOEC).68fmg/litre for the blue-green alga
Microcystis aeruginosa

For freshwater invertebrates, acute toxicity (2448-h LG values) ranged from 24 mg/litre
for the water flea@aphnia magngato 140 mg/litre for the snaiLymnaea stagnal)sFor
marine invertebrates, the lowest acute toxicityigakeported was a 96-h k&of 6.7 mg/litre
for the mysid shrimpMlysidopsis bahia The lowest chronic test value reported was @&p-
NOEC of 1.9 mg/litre foDaphnia magnawith an EGo, based on reproduction, of 10
mg/litre.

Freshwater fish showed similar low sensitivity tabenzene. The 96-h lsgvalues ranged
from 24 mg/litre for the medak®(yzias latipesto142 mg/litre for the guppyPpecilia
reticulata). There was no effect on mortality or behavioumafdaka at 7.6 mg/litre over an
18-day exposure.

1.9 Hazard and risk evaluation

Methaemoglobinaemia and subsequent haematologidad@enic changes have been
observed in exposed humans, but the data do ot gliantification of the exposure—
response relationship. In rodents, methaemoglobirméraematological effects, testicular
effects and, in the inhalation studies, effectshanrespiratory system were found at the
lowest doses tested. Methaemoglobinaemia, bilaggididymal hypospermia and bilateral
testicular atrophy were observed at the lowest suxqolevel studied, 5 mg@l ppm), in

rats. In mice, there was a dose-related increageeimcidence of bronchiolization of alveolar
walls and alveolar/bronchial hyperplasia at thedstwdose tested of 26 mg/(& ppm).
Carcinogenic response was observed after expasuirdbenzene in rats and mice:
mammary adenocarcinomas were observed in femal@Ba@ice, and liver carcinomas and
thyroid follicular cell adenocarcinomas were saemale Fischer-344 rats. Benign tumours
were observed in five organs. Studies on genotigXnzve usually given negative results.

Although several metabolic products of nitrobenzareecandidates for cancer causality, the
mechanism of carcinogenic action is not known. Beeaof the likely commonality of redox
mechanisms in test animals and humans, it is hgsatad that nitrobenzene may cause
cancer in humans by any route of exposure.

Exposure of the general population to nitrobenZesra air or drinking-water is likely to be

very low. Although no no-observed-adverse-effeceldNOAEL) could be derived from any
of the toxicological studies, there is a seemingly risk for non-neoplastic effects. If

18



exposure values are low enough to avoid non-netiplei$ects, it is expected that
carcinogenic effects will not occur.

Acute poisonings by nitrobenzene in consumer prizdo@ve occurred frequently in the past.
Significant human exposure is possible, due tartbderate vapour pressure of nitrobenzene
and extensive skin absorption. Furthermore, theively pleasant almond smell of
nitrobenzene may not discourage people from consyifoiod or water contaminated with it.
Infants are especially susceptible to the effettitoobenzene.

There is limited information on exposure in the kgace. In one workplace study, exposure
concentrations were of the same order of magniasdbe lowest-observed-adverse-effect
levels (LOAELS) in a long-term inhalation study.€Fbfore, there is significant concern for
the health of workers exposed to nitrobenzene.

Nitrobenzene shows little tendency to bioaccumudaie appears to undergo both aerobic and
anaerobic biotransformation. For terrestrial systetime levels of concern reported in
laboratory tests are unlikely to occur in the naltenvironment, except possibly in areas close
to nitrobenzene production and use and areas cordted by spillage.

Using the available acute toxicity data and a siatl distribution method, together with an
acute:chronic toxicity ratio derived from data eonstaceans, the concentration limit for
nitrobenzene to protect 95% of freshwater specids30% confidence may be estimated to
be 200 pg/litre. Nitrobenzene is thus unlikely 6@ an environmental hazard to aquatic
species at levels typically reported in surfaceangtaround 0.1-lg/litre. Even at highest
reported concentrations (@@/litre), nitrobenzene is unlikely to be of concésrfreshwater
species.

There is not enough information to derive a guitelalue for marine organisms.

2. IDENTITY, PHYSICAL AND CHEMICAL
PROPERTIES, AND ANALYTICAL METHODS

2.1 ldentity
Common name: nitrobenzene
Chemical formula: eHsNO»

Chemical structure:

NOs
Relative molecular mass: 123.11
CAS name: nitrobenzene
IUPAC name: nitrobenzene
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CAS registry number: 98-95-3
NIOSH RTECS DA6475000

Synonyms: nitrobenzol, mononitrobenzol, MNB, Cdlvent black 6, essence
of mirbane, essence of myrbane, mirbane oil, othobane, oil of
myrbane, nigrosine spirit soluble B

Trade name: Caswell No. 600

2.2 Physical and chemical properties

Nitrobenzene is a colourless to pale yellow oipuld that presents a fire hazard. Its odour
resembles that of bitter almonds or "shoe polighith reported odour thresholds of 0.092
mg/nT (0.018 ppm) (Amoore & Hautala, 1983) and 0.03 nfgf®r005 ppm) (Manufacturing
Chemists Association, 1968). The odour thresholdater has been reported as 0.11 mg/litre
(Amoore & Hautala, 1983) and 0.03 mg/litre (US ERB80). Some chemical and physical
properties of nitrobenzene are given in Table 1.

Table 1. Some physical and chemical properties oftrobenzené

Property

Specific gravity

Melting point
Boiling point

Vapour pressure

Vapour density
Flash point (closed cup)
Explosive limit (lower)

Solubility in water

Solubility in organic solvents

Value

1.2037 at 20 °C
1.205 at 28 °C

5.7°C

211 °C
20 Pa (0.15 mmHg) at 20 °C
38 Pa (0.284 mmHg) at 25 °C
47 Pa (0.35 mmHg) at 30 °C
4.%5

88 °C

1.8% by volume in air
1900 mg/litre at 20 °C

2090 mg/litre at 25 °C

Freely soluble ilm&tbol, benzene, acetone, ether

and oils
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Octanol/water partition coefficient (log| 1.85 (1.6—2.0)
Kow)

Organic carbon/water partition 1.56
coefficient (logKqc)

Henry’'s law constant

(measured) 2%Pa-n/mol (20 °C)
0.868 Pa-n/mol (25 °C)

(calculated) 2.47dimensionless)
1.2 Pa-n¥mol

a From ATSDR (1990); Howard et al. (1990); ACGIHgn); BUA (1994).
P From Verschueren (1983).

From Banerjee et al. (1980).

4 From Warner et al. (1987).

€ From Altschuh et al. (1999).

From Howard et al. (1990), using a vapour pressfiB6 Pa (0.27 mmHg) and a water
solubility of 2000 mg/litre.

g From Enfield et al. (1986).

2.3 Conversion factors in air
The conversion factotgor nitrobenzene in air (at 20 °C and 101.3 kRa)as follows:
1 ppm = 5.12 mg/th

1 mg/n? = 0.195 ppm

2.4 Analytical methods

Albrecht & Neumann (1985) discussed some of thigcdifies of analysing nitrobenzene and
one of its metabolites, aniline, in animals. Exiorebf the parent compound or some
metabolites in urine has been determined, but ther@ractical and methodological problems
(Albrecht & Neumann, 1985). Acute poisoning by olitenzene has been monitored by
measuring levels of methaemoglobin, which is preduay nitrobenzene metabolites.
However, many toxicants produce methaemoglobin thisdanalysis is certainly not a
satisfactory method for monitoring nitrobenzenammals.

2.4.1 Sampling and pretreatment

21



Sampling on TendX' of different mesh sizes followed by thermal desiorpand gas
chromatography (GC) was evaluated as a simple rddthdhe determination of
nitrobenzene in workplace air (Patil & Lonkar, 1992n alternative sampling technique in
place of pump sampling was developed, utilizin@ditte water siphon bottle. Quantitative
recoveries were obtained in the mass range 0.04g18ir humidity had no effect on
recovery. The charged tubes could be stored at teomperature for 5 days with no change in
recovery. The particle size of Tenax TA had no isicgmt effect on adsorption or desorption
(Patil & Lonkar, 1992).

The US National Institute for Occupational Safatg &lealth (NIOSH) has developed an
approach to estimating worker exposure-toluidine, aniline and nitrobenzene using a
combination of surface wipe, dermal badge andair@ing (Pendergrass, 1994). The
greatest recoveries of airborne nitrobenzene wera farge-capacity silica gel sorbent tubes,
and the limit of detection (1 pg) was claimed taapproximately 10 times more sensitive
than those for previous NIOSH methods. In this gtueicoveries of airborne nitrobenzene
under different levels of humidity were investigat&urface wipes (cotton gauze pads, 100
cn?), dermal badges (cotton pouches filled with 0. Tbg®- to 20-mesh silica gel) and
sorbent tubes were best desorbed with absoluteathman ultrasonic bath.

2.4.2 Analysis
2.4.2.1 Environmental monitoring

Nitrobenzene has been determined in environmeatapkes (air, water, soil and solid waste
samples) by GC analysis following collection antt&stion with an organic solvent (US

EPA, 1982a, 1982b; NIOSH, 1984); flame ionizatiom@ass spectrometry (MS) may be used
for detection.

Piotrowski (1967) used a colorimetric method tced@ine nitrobenzene levels in air,
following absorption of the compound into 10 ml-m&d water. Passing 5 litres of air
through 10 ml of water resulted in a sensitivity3giig, with a coefficient of deviation of 5%.

A trochoidal electron monochromator was interfatted mass spectrometer to perform
electron capture negative ion mass spectrometatys@s of environmentally relevant
chemicals; multiple resonance states resultingahbls radical anions were easily observed
for nitrobenzene, although the study did not as#essensitivity of the system (Laramée et
al., 1992).

Analytical methods for the determination of nitrakene in environmental samples are given
in Table 2.

Table 2. Analytical methods for determining nitrobenzene in environmental samples

Sample matrix Sample preparation Analysig Detection Accuracy Reference
limit (%)
Air at landfill sites | Adsorption on Tenax-GC HRGC/FID 0.3 pg/n No data Harkov et
cartridges, thermal desorptior al., 1985
Air Adsorption on silica gel, GC/FID 0.02 No data NIOSH,
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Air

Wastewater

Wastewater

Water

Soil and solid
waste

Soil and solid
waste

Soil and solid
waste

Soil and solid
waste

Workplace air

Workplace air

extraction with methanol

Adsorption on silica gel,
extraction with methanol

Direct injection of aqueous
sample

Extract with dichloromethane,
exchange to hexane,
concentrate

Extract with dichloromethane

at pH 11 and 2, concentrate

Extract from sample, clean up

Extract from sample, clean up

Extract from sample, clean up

Extract from sample, clean up

Adsorption on Tenax-GC
cartridges, thermal desorptior

Adsorption on silica gel,
extraction with absolute
ethanol

GC/FID

GC/FID

GC/FID

GC/MS

GC/FID

GC/MS

GC/FID

HRGC/FTIR

GC/FID

GC/FID

mg/sample

0.5 mg/nt

No data

3.6 pgllitre

1.9 pgllitre

137 mg/k§

19 mg/kg

660 pg/kd

12.5 pg/litré

<0.04
pg/sample

1pg

HRGC = high-resolution gas chromatography; MS =s1sgectrometry.

Relative standard deviation.

2.4.2.2 Biological monitoring

Information about urinary metabolites of nitrobemzés given in sections 6.3 and 6.7.

1) Urinaryp-nitrophenol

Relative recovery, percent, + standard deviation.
Approximate detection limit in high-level soil astudges.

Approximate detection limit in low-level soil anddiments.

No data

No data

71+5.9

71 +3?P

25.7-100

No data

54-158

No data

No data

4.3

1984

NIOSH,
1977

Patil &
Shinde,
1988

US EPA,
1982a

US EPA,
1982b

US EPA,
1986b

US EPA,
1986¢

US EPA,
1986d

US EPA,
1986a

Patil &
Lonkar,
1992

Pendergrass.
1994

FID = flame ionization detector; FTIR = Fourierrisfiorm infrared spectrometry; GC = gas chromatduyap

Detection limit in water. Detection limit in solidsd wastes is several orders of magnitude higher.
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The determination gb-nitrophenol in urine samples collected at the enshift at the end of

a workweek offers a simple, non-invasive approadbhidlogical monitoring (see section 6.7).
The American Conference of Governmental Indushiiienists has proposed a biological
exposure index of 5 mgrnitrophenol/g creatinine (ACGIH, 2000).

A reversed-phase high-performance liquid chromaiplgic (HPLC) method was described
for the simultaneous determination of urinary metids of several aromatic chemicals,
including p-nitrophenol (formed from nitrobenzene). The pragabmethod appears suitable
for the routine monitoring of workers exposed testh chemicals (Harmer et al., 1989; Astier,
1992).

Bader et al. (1998) used two GC/MS-selected ionitnong methods for the determination
of nitroaromatic compounds, including nitrobenzaneyrine samples. Analytes were
detectable in the lowest microgram per litre rarage both methods were useful for
screening occupationally or environmentally expgseaple.

Thep-nitrophenol metabolite is also a urinary metaleatit the organophosphorus
insecticides parathion and parathion-methyl andbleas proposed as a useful index of
exposure to these chemicals (Denga et al., 198B)ever, it is not likely that there would be
simultaneous occupational exposures to nitrobenaedegarathion or parathion-methyl.

Colorimetric methods have been used to determineb@nzene metabolites. However,
Harmer et al. (1989) noted that colorimetric metheoere insensitive, tedious and lacking in
specificity. The method fgo-nitrophenol angh-aminophenol in urine samples involves acid
hydrolysis of conjugates followed by extractionoirsin organic solvent at pH 4; after re-
extraction into dilute ammonium hydroxidenitrophenol is reduced {@aminophenol by
treatment with zinc and hydrochloric acid. Aminopbkis then converted by reaction with
phenol to indophenol and the absorbance deternsipectrophotometrically. The procedure
must be followed exactly, since modification cafeetf the results (Salmowa et al., 1963;
Ilkeda & Kita, 1964; Piotrowski, 1967).

Robinson et al. (1951) used a combination of stdtillation, chemical reactions, selective
extractions, paper chromatography, silica colummorciatography and colorimetric reactions
to semiquantitatively estimate, m- andp-nitrophenols, nitrobenzene, aniline, 4-
nitrocatechol an@-, m andp-aminophenols in rabbit urine. Similar methods wesed by
Parke (1956) to estimate the metabolism of{Oitrobenzene in rabbit and guinea-pig
urine.

2) Other urinary metabolites

Yoshioka et al. (1989) used reversed-phase HPLE spéctrophotometric detection to
follow the metabolite hydroxylaminobenzene.

3) Nitrobenzene in blood
Lewalter & Ellrich (1991) reported a capillary GCthod for nitroaromatic compounds,
including nitrobenzene, in plasma samples. Nitrogtic compounds are extracted and

simultaneously concentrated using 2,2,4-trimethyigee (iso-octane), with reported
recoveries of 78-119%. GC is carried out in a fuskch capillary with a chemically bonded
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stationary phase and detected by an electron @gaiector. The detection limit was
reported as 10 pg/litre of blood.

4) Methaemoglobin

Exposure to nitrobenzene can lead to the formatfonethaemoglobin, and this has been
proposed as a biomarker of exposure (ACGIH, 2086)vever, this condition in itself cannot
be used as a specific marker of exposure, sinar tikic substances can have the same
effect. For accurate results, blood samples musiglaged with an anticoagulant (heparin,
ethylenediaminetetraacetic acid [EDTA] or acid-atigrdextrose solution) and rapidly
transported (<1 h) to the assay laboratory. Thénatets based on the change in absorbance
at 630-635 nm after addition of cyanide to conmegthaemoglobin to cyanomethaemoglobin
(Fairbanks & Klee, 1986).

5) Haemoglobin adducts

Haemoglobin adducts have been proposed as a nudr&rposure to nitrobenzene
(Neumann, 1984; Albrecht & Neumann, 1985), anddkatsche Forschungsgemeinschaft
has proposed a 'biological tolerance value for patianal exposures' based on aniline
released from haemoglobin adducts (DFG, 1995).

6) Nitrobenzene in breath

Nitrobenzene and aniline in expired air from rablhidve been determined
spectrophotometrically (Parke, 1956).

3. SOURCES OF HUMAN AND ENVIRONMENTAL
EXPOSURE
3.1 Natural occurrence

No information on any natural occurrence of nitnaene was found.

3.2 Anthropogenic sources

3.2.1 Production

World production of nitrobenzene in 1994 was estadat 2 133 800 tonnes; about one-third
was produced in the USA (Camara et al., 1997).

In the USA, there has been a gradual increasdnobeinzene production, with the following
production/demand amounts, in thousands of torrepsyted: 73 (1960), 249 (1970), 277
(1980), 435 (1986), 533 (1990) and 740 (1994) (AdkiL996; IARC, 1996). Based on
increased production capacity and increased prauof aniline (the major end-product of
nitrobenzene), it is likely that nitrobenzene proion volume will continue to increase.
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Production of nitrobenzene in Japan was thoughetaround 70 000 tonnes in 1980
(Yoshida et al., 1988) and 135 000 tonnes in 180N, 2000). Patil & Shinde (1989)
reported that production of nitrobenzene in Indaswaround 22 000 tonnes per year.

Nitrobenzene is produced at two sites in the Unitedydom with a total capacity of 167 000
tonnes per year. It has been estimated that a nuaxiai 115 400 tonnes of aniline was
produced in the United Kingdom in 1990 (Nielsemlet1993). If it is assumed that 98% of
the nitrobenzene in the United Kingdom is used &xenaniline (as is the case in the USA,;
see section 3.3), then the total amount of nitrabea used in the United Kingdom would be
around 155 600 tonnes per year.

Capacities for nitrobenzene production are avaléin several Western European countries
(SRI, 1985) and are shown in Table 3. Productiefestern Europe was reported as
670 000 tonnes in 1990 (ECDIN, 2000).

Table 3. Nitrobenzene production capacities in Eunpean countries in 1985°

Country Capacity (tonnes)
Belgium 200 000
Germany 240 000

Iltaly 18 000

Portugal 70 000
Switzerland 5 000

United Kingdom 145 000

USA 434 000

Japan 97 000

2 From SRI (1985).

® Production in USA and Japan is described in motailda the text.

3.2.2 Production processes

Nitrobenzene is produced commercially by the exotihenitration of benzene with fuming
nitric acid in the presence of a sulfuric acid batla The crude nitrobenzene is passed through
washer-separators to remove residual acid anersdlstilled to remove benzene, water,
dinitrobenzene and trinitrobenzene. The reactionbeacarried out as either a batch or a
continuous process. In the batch process, bengantated using a nitrating mixture
consisting of 53-60% sulfuric acid, 32—39% nitratdeand 8% water. The temperature is
maintained at 50—-65 °C and then raised to 90 °Gudsvthe end of the reaction (reaction

time approximately 2—4 h). The reaction mixturéisn run into a separator, where the spent
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acid settles out and is drawn off and usually resgicThe crude nitrobenzene is drawn off the
top of the separator and is then used directlipénmanufacture of aniline. If pure
nitrobenzene is required, the crude product is e@stith water and dilute sodium carbonate
and then distilled (Dorigan & Hushon, 1976; Liepetsal., 1977).

In the continuous process, the sequence of opasaigahe same as in the batch process, but
lower nitric acid concentrations and shorter reactimes can be utilized. It is also possible to
carry out the reaction as a gas-phase processgd@oé& Hushon, 1976; Liepins et al., 1977).

3.2.3 Production losses to the environment

Most (97-98%) of the nitrobenzene produced ismetiin closed systems for use in
synthesizing aniline and substituted nitrobenzemesanilines (Dorigan & Hushon, 1976;
Anonymous, 1987). Yoshida et al. (1988) estimatasa of 0.1% in the production of
nitrobenzene. The loss was thought to be maintiig¢onvater phase. Losses to wastewater
have been observed to be 0.09% of production inptard and 2.0% in another (Dorigan &
Hushon, 1976). Patil & Shinde (1989) reported thabbenzene was present in the
wastewater streams from the washers at an Indiesbenzene/aniline production plant. The
wastewater from the aniline plant was found to asn1980 mg nitrobenzene/litre, which
corresponds to the limit of water solubility.

Pope et al. (1988) gave the following emissiondector losses during the production of
nitrobenzene/aniline:

general emission: 8 x 1kg nitrobenzene/kg produced
fugitive emission: 3.1 x I8 kg nitrobenzene/kg produced
storage emission: 6.0 x Fkg nitrobenzene/kg produced

Applying these factors to the estimated amounndiree produced in the United Kingdom in
1990 (see section 3.2.1) gives a maximum emisdi@3@tonnes per year in the United
Kingdom from this source. Similarly, using the 19&fure for US nitrobenzene production
would give a calculated maximum emission of neat@3®nnes. Elsewhere, it has been
estimated that around 760 tonnes of nitrobenzemestgased each year in the USA from the
production of nitrobenzene/aniline (White, 1980li¢herit & Schulting (1985) estimated
that around 230 tonnes of nitrobenzene were emiéegear in the Netherlands from
stationary sources.

The rate of emission of nitrobenzene to the atmespfrom an industrial wastewater
treatment plant has been estimated from flux chamisasurements as 0.100-0.132 mg/min
from each square metre of the plant (Gholson £1801).

Emissions of nitrobenzene to the environment ase l#ely to occur during the manufacture
of other chemicals from nitrobenzene. Pope etl&I88) quoted an emission factor of 1.5 x
107 kg nitrobenzene/kg nitrobenzene used for the namtuife of dichloroaniline and
dinitrobenzene. The same reference also gave Hoaing general emission factors for use
of nitrobenzene as a chemical intermediate:
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general emission: 1.05 x kg nitrobenzene/kg used
fugitive emission: 3.0 x I8 kg nitrobenzene/kg used

storage emission: 1.5 x Tkg nitrobenzene/kg used

It is not known how much nitrobenzene is used twlpce chemicals other than aniline. In the
United Kingdom, the maximum amount of nitrobenzased to produce chemicals other than
aniline is likely to be around 3100 tonnes per Y€apokes et al., 1994). This would lead to a
nitrobenzene emission of around 5 tonnes per y@ach is negligible when compared with
the emission from production of aniline. It is lik¢hat a similar situation would pertain to
other producer countries.

If a significant amount of nitrobenzene is usea aslvent, for instance, for cellulose ethers,
then this could represent an important sourcetadlbenzene in the environment, as solvent
emissions are likely to be higher than productionssions. Around 1.5% of nitrobenzene
produced in the USA is used as a solvent for theufaature of cellulose ethers (see section
3.3).

3.2.4 Non-industrial sources

Nitrobenzene has been shown to be emitted fromlaptedhearth sewage sludge

incineration unit in the USA. The unit consistedl@ hearths and operated at a rate of 13-15
tonnes per hour, with a maximum temperature of°t7@t the sixth hearth. Nitrobenzene was
monitored at the scrubber inlet and outlet. Theceotrations measured were 60 panthe
scrubber inlet (corresponding to an emission ofgd} and 16 pg/fhat the scrubber outlet
(corresponding to an emission of 0.9 g/h). Thelsloen reduced the nitrobenzene
concentration by 71% (Gerstle & Carvitti, 1987; Sk, 1988).

The levels of nitrobenzene in air have been medsatréve hazardous waste landfills and
one sanitary landfill in New Jersey, USA. Samplesencollected over a 24-h period at five
locations within each landfill. Mean levels measlirethe five hazardous waste landfills
were 0.05, 0.65, 2.7, 1.0 and 6.6 pg/ithe maximum level recorded was 51.8 py/At the
sanitary landfill, nitrobenzene was below the dévedimit (0.25 pg/ni) at all locations
(Gianti et al., 1984; Harkov et al., 1985). Similasults have been reported by LaRegina et
al. (1986) for the same sites.

Nitrobenzene has been shown to be formed fromtthespheric reactions of benzene in the
presence of nitrogen oxides. The reaction is thotahe initiated by hydroxyl radicals
(Hoshino et al., 1978; Kenley et al., 1981; Bandxal., 1985; Spicer et al., 1985; Atkinson,
1990). Nitrobenzene, once formed, reacts quitelglowthe atmosphere (see section 4.2);
this could therefore provide a major source of apheric nitrobenzene, although it has not
been possible to quantify this source. Atkinsoalef1987) reported that aniline is slowly
oxidized to nitrobenzene by ozone. These reacao@summarized in Figure 1.
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Fig. 1. Atmospheric reactions generating and remowg nitrobenzene (ATSDR, 1990).

3.3 Uses

Nitrobenzene is used primarily in the productioraniiine, but it is also used as a solvent and
as an ingredient in metal polishes and soaps.etU®A, around 98% of nitrobenzene
produced is converted into aniline; the major usandine is in the manufacture of
polyurethanes. Nitrobenzene is also used as argalvgetroleum refining, as a solvent in the
manufacture of cellulose ethers and cellulose se¢taound 1.5%), in Friedel-Crafts
reactions to hold the catalyst in solution (it dises anhydrous aluminium chloride as a result
of the formation of a complex) and in the manufeetf dinitrobenzenes and dichloroanilines
(around 0.5%) (Weant & McCormick, 1984; Rogozealgtl987). It is also used in the
synthesis of other organic compounds, includingaamaophen (ACGIH, 1991).

According to the BUA (1994), nitrobenzene is usedMestern Europe for the purposes
shown in Table 4.

Table 4. Type and estimated consumption of nitroberene in Western Europe in 1979

Main application areas or chemical Nitrobenzene consumption
manufacture (tonnes/year) in Western Europe
Aniline 380 000
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m-Nitrobenzenesulfonic acid 5000

m-Chloronitrobenzene 4 300
Hydrazobenzene 1 000
Dinitrobenzene 4 000
Others (solvents, dyes) 4 000
Total 398 300

2From BUA (1994).

Dunlap (1981) reported that most of the productibaniline and other substituted
nitrobenzenes from nitrobenzene goes into the naatwie of various plastic monomers and
polymers (50%) and rubber chemicals (27%), witmalker proportion into the synthesis of
hydroquinones (5%), dyes and intermediates (6%gs1(3%), pesticides and other specialty
items (9%).

Past minor uses of nitrobenzene included use lav@uiring agent, as a solvent in marking
inks and in metal, furniture, floor and shoe padishas a perfume, including in perfumed
soaps, as a dye intermediate, as a deodorant sinfedtant, in leather dressing, for refining
lubricating oils and as a flavouring agent (Pol&ohattersall, 1969; Collins et al., 1982;
Rogozen et al., 1987; HSDB, 1988; Hedgecott & RegE®91; Adkins, 1996). It is not

known whether it may still be used in some coustas a solvent in some consumer products
(e.g., shoe polish).

4. ENVIRONMENTAL TRANSPORT, DISTRIBUTION
AND TRANSFORMATION

4.1 Transport and distribution between media

The movement of nitrobenzene in air, water andreay be predicted by its physical
properties (see also chapter 2): water solubifit¥390 mg/litre; vapour pressure of 20 Pa (20
°C); octanol/water partition coefficient (Id§,,) of 1.6—2.0; soil/sediment sorption coefficient
(Kseg Of 36 (Mabey et al., 1982); mean organic mattatéwpartition coefficient,,) of

50.1 (Briggs, 1981); and Henry's law constant &-@.4 Pa-rfimol.

The following distribution of nitrobenzene in theveronment at 20 °C was calculated using
Mackay's Level | fugacity model assuming equililmionditions: air, 36%; water, 62%; soil
and sediment, 2%; and aquatic biomass, 0% (BUA4)199

4.1.1 Air

The vapour pressure of nitrobenzene of 20 Pa a&C20Adicates that nitrobenzene may be
slightly volatile. Cupitt (1980) estimated that Wwast by rainfall (either through solution in
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raindrops or by removal of nitrobenzene sorbed patticulates) and dryfall of particulates is
negligible, as expressly measured in field relefSasa et al., 1984). Atmospheric residence
time was estimated to be 190 days (Cupitt, 1980).

Vapour densities reported for nitrobenzene relatvair range from 4.1 to 4.25 (Dorigan &
Hushon, 1976; Beard & Noe, 1981; G.E. Anderson319&lkins, 1996). Removal processes
for nitrobenzene in air may involve settling of wap due to its higher density relative to air
(Dorigan & Hushon, 1976).

4.1.2 Water

The Henry’s law constant values (0.9—-2.4 Pamul) suggest that nitrobenzene volatilizes
slowly from the water phase (BUA, 1994); transfeni water to air will be significant, but
not rapid (Lyman et al., 1982).

The half-life for evaporation of nitrobenzene hagib estimated as 8—20 days from two major
lakes in Istanbul, Turkey (Ince, 1992). Zoetemaal ef1980) estimated the half-life for
volatilization of nitrobenzene from river waterlie 1 day.

Piwoni et al. (1986) found that nitrobenzene ditvaatilize in their microcosms simulating
land application of wastewater, but was totallyrdelgd. In contrast, in a laboratory-scale
waste treatment study, Davis et al. (1981) estichdtat 25% of the nitrobenzene was
degraded and 75% was lost through volatilizatioa gystem yielding a loss of about 80% of
initial nitrobenzene in 6 days. In a stabilizatfpond study, the half-life by volatilization was
about 20 h, with approximately 3% adsorbed to sedisi(Davis et al., 1983). The EXAMS
computer model (Burns et al., 1982) predicts vbtaion half-lives of 12 days (river) to 68
days (eutrophic lake) and up to 2% sediment sargdto nitrobenzene.

4.1.3 Soil and sediment

The sorption behaviour of nitrobenzene has beesstiyated in several experimental studies
using a variety of different soil types. Overalhlypa moderate adsorption potential was
observed, the amount of which was particularly gogd by the soil organic carbon content.
Thus, the substance is expected to be relativelyilmmon most kinds of soil.

Lokke (1984) studied the adsorption of nitrobenzame two soils with organic carbon
contents of 1.82% and 2.58%. After shaking the dailries with nitrobenzene (applied
concentrations 2—100 mg/litre) for up to 72 h, $b@ organic carbon/water partition
coefficients K,c) according to the non-linear Freundlich’s equati@re in the range of 170—
370. The amount of nitrobenzene adsorbed was jadgtérmined by the organic carbon
content of the soils, whereas the pH, cation exgbaapacity and incubation temperature (5
°C and 21 °C) were of minor importance.

Soil sorption coefficientsK,m andK,) of nitrobenzene were investigated by Briggs (1981
using soil samples from four fields (silty loamhél'soils had organic matter contents of
between 1.09% and 4.25%, and pH values ranged@rtro 7.5. Nitrobenzene, added at
concentrations of 5, 10, 15 and 20 mg/litre, waskeh with a soil/ water mixture for 2 h at 20
°C. The determined adsorption isotherms were liogar the applied concentration range.
The mearK,, was 50, and the me#f. was 86.
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Using three soil columns containing soils with arigacarbon contents of 0.2%, 2.2% or
3.7%,K,c values of 30.6, 88.8 and 103 were determinedifosbenzene (Seip et al., 1986).
Koc Values of 86.4 (Jeng et al., 1992) and 132 (Kod¥agel, 1988) have also been quoted
for nitrobenzene.

An averageK,. value of 96.8 has been determined for nitrobenmeirey both a silt loam soll
(1.49% organic carbon) and a sandy loam (0.66%nocgzarbon). The soils were shaken with
an aqueous mixture of 16 chemicals, including beérene (concentration equivalent to
100-650 pg/g soil), for 18 h, and tKg. values obtained for nitrobenzene were 89.0 for the
silt loam and 105.6 for the sandy loam (Waltonlgt1®89, 1992).

Haderlein & Schwarzenbach (1993) studied the adisorpf substituted nitrobenzenes to
various mineral sorbents. Nitrobenzene was fouratlsorb specifically to the negatively
charged siloxane sites. The strength of sorption degendent on the type of cation present in
the mineral, the adsorption being stronger whemtbee weakly hydrated cations (e.qg.,

NH;", K*, Rb" or CS) were present.

Roy & Griffin (1985) calculated, values for nitrobenzene of 79 (from solubility)des
(from Kow). Using these values, the authors classified Inéinaene as highly mobile in soils.
A Ky value of 148 has been calculated for nitrobenzsingy molecular connectivity indices
(Bahnick & Doucette, 1988).

Briggs (1981) compared the soil sorption coeffitigeg, expressed in terms of organic
matter Kom), WhereKom = 100 xKged (% organic matter), with thi€,,, for a wide variety of
chemicals and soils. Briggs (1973) classified swbility using logK,,, and log organic
matter content and compared this classificatioh wiat of Helling & Turner (1968), based
on soil thin-layer chromatography. This would swusggghat nitrobenzene would be in the
mobility class Ill (intermediate).

Jury et al. (1984) also classified nitrobenzenm@smediately mobile, but noted that its loss
from soil would be enhanced by evaporation of wattareover, because nitrobenzene has
relatively poor diffusive flux, the material woulend to move as a bolus within soil. It was
hypothesized that a deposit 10 cm deep in soil avbale a volatilization half-life of about

19 days.

Other results also indicate that nitrobenzenetesinediately mobile in forest and agricultural
soils (Seip et al., 1986). However, nitrobenzens s@amewhat more mobile in soil with lower
organic carbon content.

No data were found on adsorption of nitrobenzersetbment.

4.2 Abiotic degradation

4.2.1 Air
4.2.1.1 Direct photolysis

The direct photolysis pathways of nitrobenzeneiirai@ shown in Figure 1 in chapter 3
(according to US EPA, 1985)-Nitrophenol and nitrosobenzene were reported tihnbe
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principal photodegradation products of nitrobenzem@ours exposed to ultraviolet (UV) light
in air (Hastings & Matsen, 1948). In another stusiytho- andp-nitrophenols were found
when oxygen was present, and phenol was found wkgyen was absent (Nojima & Kanno,
1977).

Under laboratory conditions, direct photolysis @fabenzene in solvents such as isopropanol
yields hydroxylaminobenzene, which can be oxidizeditrosobenzene by oxygen (Hurley &
Testa, 1966, 1967). Hydroxylaminobenzene and ribeszene can then combine to form
azoxybenzene. However, these reactions may nohpertant under natural conditions in the
absence of hydrogen donors (Mabey et al., 1982).

With light of wavelength below 290 nm (UV), HendfyKenley (1979) measured the direct
photolysis rate of nitrobenzene at 30°N latitud&.@sper day at the summer solstice and 0.7
per day at the winter solstice. These rates cooresyo lifetimes of <1 day, except near to the
winter solstice. It was estimated by the authoas the process should be possible up to
wavelengths of approximately 304 nm, which is juoghe solar spectrum.

After irradiation of**C-labelled nitrobenzene adsorbed onto silica g&in@ nitrobenzene/g
adsorbent) with a UV lamp (wavelength ~290 nm)Ifém, 6.7% of the applied radioactivity
was detected as carbon dioxide (Freitag et al.2,19885).

4.2.1.2 Indirect photolysis (photo-oxidation)

The most important reactants concerning photo-txidan air are hydroxyl radicals and
ozone. Nitrobenzene has been shown to react shitliyhydroxyl radicals under simulated
atmospheric conditions. Measured reaction ratetaatsare shown in Table 5. Rate
constants for the reaction of nitrobenzene withnezibave also been determined and are
shown in Table 6. This reaction is significantlgwsér than the one with hydroxyl radicals
(often slower than the decomposition of ozone utigeexperimental conditions used), and
so it is only possible to estimate an upper limitthe rate constant.

Table 5. Rate constants for reaction of nitrobenzemwith hydroxyl radicals

Reaction rate constant Reference
(cm*’molecule per second)

<7 x 1013 Atkinson et al., 1987
2.1 x 10" Atkinson, 1985

1.4 x 10%3 Witte et al., 1986

6 x 104 Cupitt, 1980

9.1 x 10* Witte & Zetzsch, 1984
<4 x 1013 Arnts et al., 1987

& Calculated value.
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Table 6. Rate constants for reaction of nitrobenzemwith ozone

Reaction rate constant Reference
(cm*molecule per second)

<1 x 10%° Atkinson, 1990
<7 x 102 Atkinson et al., 1987
<5 x 10%* Cupitt, 1980

& Calculated value.

Assuming that these are first-order reactions,mas®d on an average concentration in the
lower troposphere of about 6 x°Iflydroxyl radicals/crh(BUA, 1995) and 1.25 ozone
molecules/cm (0.1 mg/ni; BUA, 1993), the half-livest{;,) can be calculated as follows:

t1» (OH) = 19-223 days
t12 (Og) = 1.8-352 years

These calculations are roughly similar to the estioms of Atkinson et al. (1987), who
projected half-lives of nitrobenzene of 180 daysdmnction with hydroxyl radicals and more
than 6 years by reaction with ozone in "clean" laitypical, moderately "dirty" air, these
values would decrease to 90 days and more thaar2,yespectively.

Photochemical oxidation of nitrobenzene by hydrogeroxide yieldg-, o- andm-
nitrophenols (Draper & Crosby, 1984), with an estied half-life of 250 days (Dorfman &
Adams, 1973).

Spicer et al. (1985) studied the reaction of nigératene in a smog chamber containing a
propylene/butane/nitrogen dioxide mixture at 30 T@e lifetime of nitrobenzene under the
conditions of the experiment was around 50 h, arsivwas thought to represent a lifetime of
around 4-5 days in the atmosphere. The major ptedooned wer®- andp-nitrophenol,
plus smaller amounts of other phenolic compounds.

The long lifetime means that nitrobenzene is likelype transported large distances in the
atmosphere from the source of release. As it doesantain halogen atoms, nitrobenzene
will have a low potential for ozone depletion.

No information has been found on the global warngatential of nitrobenzene.

4.2.2 Water

4.2.2.1 Hydrolysis

Measured data on the hydrolytic degradation obb#nzene are not available. From its

structure and its chemical properties, the substahould not decompose in water (BUA,
1994).
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However, nitrobenzene has been shown to be reduchgdrogen sulfide in agueous
solution. The reaction was found to be mediateddiyral organic matter (quinone-type
moieties may be important) from a variety of soar(@unnivant et al., 1992). Similarly,
Schwarzenbach et al. (1990) found that nitrobenzpeasereduced to aniline in solution by
hydrogen sulfide or cysteine in the presence aina#lyy occurring quinones or water-soluble
iron porphyrin. Both the quinones and iron porphyriere thought to act as electron carriers
during the reaction. Reactions of this type hage dkeen noted with sulfide minerals (see
section 4.2.3).

4.2.2.2 Direct photolysis

By direct photolysis, nitrobenzene has a half-d¢if@.5 to more than 6 days near the surface
of bodies of water in the vicinity of 40°N latitu¢8epp & Schlotzhauer, 1983).

4.2.2.3 Indirect photolysis (photo-oxidation)

The rate constants for reaction of nitrobenzenh watrious radical species in water at room
temperature are compiled in Table 7.

Typical values for the concentration of hydroxyicals in surface waters range between a
low of 5.0 x 10" mol/litre to a high of 2.0 x 1" mol/litre (Howard et al., 1990). Assuming
first-order kinetics, this means that typical Hares estimated for nitrobenzene in water,
based solely on reaction with hydroxyl radicalsulgddoe between 125 days and 13 years at
pH 7. No information was found on the concentraiohhydrated electrons and hydrogen
atoms in natural waters, but it is expected thair ttoncentrations would be much lower than
that of hydroxyl radicals. Therefore, it is likelyat reaction with all three radical species will
be only a minor removal pathway for nitrobenzene/ater. However, Zepp et al. (1987a)
reported that hydrated electrons from dissolve@igmatter could significantly increase
photoreduction of compounds such as nitrobenzedealso that photolysis of nitrate ions to
hydroxyl radicals increased nitrobenzene photodtgian (Zepp et al., 1987b).

Table 7. Rate constants for reaction of nitrobenzemwith various species in water

Reactive species pH Rate constant Reference
(litres/mol per second)

Hydrated electrons 7 3.0 x%0 Anbar & Neta, 1967
Hydrogen atoms 7 1.7 x10 Anbar & Neta, 1967
Hydroxyl radicals 1 4.7 x 18 Dorfman & Adams,
1973
7 3.2x 16 Dorfman & Adams,
1973
9 2.0x 18 Anbar & Neta, 1967
9 3.4x168 Dorfman & Adams,
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1973

105 1.5x18 Anbar & Neta, 1967
105 2.2x18 Dorfman & Adams,
1973

Callahan et al. (1979) proposed that sorption wbbhenzene to humic acids could enhance
the photolytic destruction of nitrobenzene. Howetlee rate of photolysis of nitrobenzene in
solution using natural sunlight or monochromaithti(wavelength of 313 or 366 nm) was
not significantly affected by the presence of huatis, and a near-surface half-life of 133
days was estimated for nitrobenzene photolysi®at 4atitude (Simmons & Zepp, 1986).
The presence of algae (several species) also dieinimance the photolysis of nitrobenzene in
solutions exposed to sunlight for 3—4 h (Zepp &|8hauer, 1983).

4.2.3 Soil and sediment

A study of the efficacy of soil infiltration alortge river Rhine in the Netherlands showed
that nitrobenzene was removed completely when dassstinuously through 50 cm of a peat
sand artificial dune in infiltration basins (Pietad., 1981).

Wolfe (1992) reported that nitrobenzene was redtceshiline by abiotic mechanisms in a
variety of sediment samples collected from localgsand streams. A half-life for the
reaction of 56 min was found for a sediment:waagiorof 0.13.

For both studies, it is not possible to identifyeeen quantify the underlying mechanisms
(biotic, abiotic) that were responsible for the oyal or transformation of the applied
nitrobenzene.

Nitrobenzene has been shown to be reduced by $swutfide minerals (at a mineral
concentration of 0.24 mol/litre) under aerobic dtinds. The half-lives for the disappearance
of nitrobenzene were found to be 7.5 h for reactith sodium sulfide, 40 h with alabandite
(manganese sulfide), 105 h with sphalerite (zinfida) and 360 h with molybdenite
(molybdenum sulfide). Aniline was identified as thajor reaction product with sodium
sulfide, molybdenite and alabandite. Several urtiied products were formed in the
reaction with sphalerite. The mineral solubilitydagissolution rate were found to be the key
factors in determining the rate of reaction (Yu &ilBy, 1992).

4.3 Bioaccumulation

4.3.1 Aquatic species

The fate of nitrobenzene has been studied in alsimpdel "farm pond" aquatic ecosystem
with a six-element food-chain. The system contaiplegtoplankton and zooplankton, green
filamentous algaedjedogonium cardiacunsnails Physasp.), water fleasfaphnia magng
mosquito larvaeQulex quinquifasciatyqfourth instar) and mosquito fiskémbusia

affinis). At the start of the experiment, 300 daphnia, 2@3quito larvae, 6 snails, strands of
algae and miscellaneous plankton were expos&iCtabelled nitrobenzene at a
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concentration of 0.01-0.1 mg/litre. After 24 h,fd0squito larvae and 100 daphnia were
removed and 3 fish were added. The experiment evasriated after a further 24 h. The
ecological magnification index (ratio of the contration of parent material in the organism
to the concentration of parent material in watesis\about 8 in mosquito fish after a 24-h
exposure. Bioaccumulation from water is not conmgdesignificant at these values (Trabalka
& Garten, 1982). The ecological magnification indexs 0.7 in snails, 0.8 in mosquito
larvae, 0.15 in water fleas and 0.03 in green al@has, nitrobenzene remained mainly in the
water during the experiment and was neither stocedcologically magnified. It was also
found to be reduced to aniline in all organisms acetylated in fish, whereas the mosquito
larvae and snails also hydroxylated it to nitropfienhowever, the extent of metabolism was
small (Lu & Metcalf, 1975). It should be noted tlia¢ ecological magnification index may
not be equivalent to a bioconcentration factor (B®@#ich usually assumes that equilibrium
between water and the organism has been reached.

The bioaccumulation dfC-labelled nitrobenzene has been studied in aigat(ella fusca

and fish (golden ideljeuciscus idus melanofisThe nitrobenzene concentration used was 50
pg/litre, and exposure occurred for 1 day (algae days (fish). The BCFs measured on a
wet weight basis were 24 for the algae and <l@erish (Geyer et al., 1981, 1984; Freitag
et al., 1982, 1985).

Guppies Poecilia reticulatg were exposed to nitrobenzene (12 mg/litre) fdags (by which

time equilibrium was reached), with solutions reedweach day. A BCF (fat weight) of 29.5
was determined (Deneer et al., 1987); using theageefat content of the guppies (8%), this
value can be converted to a whole body weight BCE4

Veith et al. (1979) reported a BCF of 15 in théné&std minnowRimephales promelagor a
28-day exposure to nitrobenzene in a flow-throweg. tA less satisfactory 3-day static
measurement gave a BCF of less than 10 for theegaldie Leuciscus idus(Freitag et al.,
1982). Nitrobenzene has been shown to have lowoha®Entration potential in car@yprinus
carpio) (Kubota, 1979).

In a bioaccumulation study performed according tgaDisation for Economic Co-operation
and Development (OECD) Guideline 301C, catggrinus carpiy were exposed to
nitrobenzene concentrations of 0.125 and 0.012%itneg/After 6 weeks of incubation, BCFs
in the range of 1.6—7.7 (0.0125 mg/litre) and 3.848.125 mg/litre) were determined. No
information is given as to whether the BCFs werasuneed under steady-state conditions
(MITI, 1992).

In conclusion, the measured BCFs for nitrobenzereenumber of organisms indicate
minimal potential for bioaccumulation.

4.3.2 Terrestrial plants

Nitrobenzene may bioconcentrate in terrestrialtslafhe relatively rapid uptake 6€-

labelled nitrobenzene into mature soybealy¢ine mak plants was reported by McFarlane et
al. (1987a, 1987b) and Nolt (1988). The majorityha nitrobenzene taken up by the plants
was associated with the roots, and very little tvassported to other areas of the plant. It was
concluded that nitrobenzene was probably metalbli@thin the root system (McCrady et

al., 1987; McFarlane et al., 1987a, 1987b).
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The roots of soybeai{ycine max plants were exposed to a hydroponic solutionaiairig
“C-labelled nitrobenzene at 0.02—100 pg/ml for & &posure period. The plants were
dissected into roots and shoots and analysef@olabel and for nitrobenzene. At the highest
concentration, radioactivity was almost evenlyrilisited between the roots and shoots; at the
lower doses, on the other hand, approximately 80&eoradioactivity was in the roots
(Fletcher et al., 1990). It should be noted thet &xperiment was a water-only exposure;
consequently, nitrobenzene is likely to be morewalable to plants than when exposures
are via water and soil.

4.4 Biotransformation

The biodegradation of nitrobenzene has been stugied) a wide variety of mixed microbial
consortia as well as single bacterial species fildfarent environmental compartments. In
general, either non-acclimated inocula were untitblese nitrobenzene as a sole source of
carbon and energy or degradation occurred only eitiended acclimation periods.
Acclimated microorganisms, particularly from indistwastewater treatment plants,
however, showed elimination of up to 100% withinubation periods of 1-5 days.

4.4.1 Aerobic degradation
4.4.1.1 Biodegradation by non-acclimated microorgaems

In a modified MITI-Test (I) conducted according@&CD Guideline 301C (OECD, 1981),
the mineralization of nitrobenzene by a mixed ntitabinoculum sampled from different
sewage plants, rivers and a bay was determineddagunement of the biochemical oxygen
demand (BOD). Incubation of an initial test substaooncentration of 100 mg/litre with a
sludge concentration of 30 mg/litre (non-adapted®5a°C and pH 7.0 resulted in 3.3%
degradation after 14 days (MITI, 1992). In anotléf| ready biodegradability test, Kubota
(1979) found no degradation of the applied nitrdesre.

Alexander & Lustigman (1966) studied the primargm@elation of nitrobenzene as the sole
source of carbon by a natural microbial populatbban uncontaminated silty loam soil
(Niagara, USA). Soil suspensions with initial niiemzene concentrations in the range of 5—
10 mg/litre and inoculated with a low inoculum déngl ml of a 1% loam suspension) were
incubated in the dark at 25 °C. Primary degradatimg cleavage) was monitored by
measuring the UV absorption in the wavelength rasfgb0-268 nm. No significant ring
cleavage was detected in the batches for nitrolmenater 64 days of incubation.

Incubation of nitrobenzene (50 pg/litre) with aetied sludge from a municipal sewage
treatment plant (1 g dry weight/litre) was carraad for 5 days at 25 °C. Meat extract and
peptone were added as additional substrates, ametatization of nitrobenzene was
monitored by carbon dioxide analysis. No metabshtere identified during the experiment,
and only 0.4% of the applied radioactivity was fdwas carbon dioxide, indicating that
nitrobenzene was not metabolized to any signifieatént under the conditions of the test
(Freitag et al., 1982, 1985).

Several other authors have reported that nitrolvena@s not significantly degraded by non-
acclimated microorganisms under various conditibhisobenzene was reported either to be
highly resistant to degradation or to inhibit bigcedation of other components of the waste
in several biodegradation studies (Marion & Malgri363; Lutin et al., 1965; Barth &
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Bunch, 1979; Dauvis et al., 1981; Korte & Klein, 298However, these effects were observed
at concentrations of nitrobenzene greater thamoaldo 50 mg/litre, much higher than those
detected in ambient waters.

Urano & Kato (1986) found that nitrobenzene (100litng) was not significantly degraded
within 14 days of incubation (20 °C; mineral saftedium) with a non-acclimated activated
sludge inoculum (sludge concentration 30 mg/litre).

4.4.1.2 Biodegradation by acclimated microorganisms

Pseudomonas pseudoalcaligenekich is able to use nitrobenzene as the solesaf
carbon, nitrogen and energy, was isolated fromasadl groundwater contaminated with
nitrobenzene. The range of aromatic substratestalsi@pport growth was limited to
nitrobenzene, hydroxylaminobenzene and 2-aminoghbiitoobenzene, nitrosobenzene,
hydroxylaminobenzene and 2-aminophenol stimulaiggien uptake in resting cells and in
extracts of nitrobenzene-grown cells. Washed suspes of nitrobenzene-grown cells
removed nitrobenzene from culture fluids with tle@@omitant release of ammonia. It was
found that nitrobenzene was reduced to hydroxylabenzene via nitrosobenzene. Under
aerobic and anaerobic conditions, the hydroxylatmemazene undergoes an enzyme-catalysed
reaction to 2-aminophenol, which undergoes a rlagvage to produce 2-aminomuconic
semialdehyde, with the release of ammonia (NisKir&pain, 1993). A proposed pathway for
the biodegradation of nitrobenzene is given in Fegii

39



HOy
@ Mitrobenzene
HaDPH
H4DP
Ho
@ Mitrozobenzene
: HNATDFH
HADP
NHOH
@ Hydroxylaminobenzene

o

OH
2-Aminophenol

O

032

= o

Hy

COH
H{,CHO

l HAD
&‘D MHs

Fig. 2. Proposed pathway for the biodegradation afitrobenzene in
Pseudomonas pseudoal caligenes (Nishino & Spain, 1993)

2-Aminormuconic semialdehyde

/_y

Cultures of several speciesP$eudomonawere grown at 30 °C with nitrobenzene supplied
in the vapour phase above the culture. The badtesiadedP. putidg P. pickettij P.

cepacia P. mendocinand several unidentified strains. All the bactereae known to

contain toluene degradative pathways. The celle Wwarvested and then incubated with
nitrobenzene at 30 °C to enable metabolites talbetified. All the strains grew in the
presence of nitrobenzene vapour when glucose oriaegwvere provided as an alternative
carbon source, but none grew on nitrobenzene asoteecarbon source. Several metabolites
were identified from the various strains, includBwgitrocatechol, 4-nitrocatechah-
nitrophenol ang-nitrophenol, although several strains did notgfarm nitrobenzene at all.
The nitrocatechols were slowly degraded to unidieatimetabolites. Results indicate that the
nitrobenzene ring is subject to initial attack gtbmono- and dioxygenase enzymes (Haigler
& Spain, 1991). In contrast to this, Smith & Rosag¥974) found no phenolic metabolites
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when nitrobenzene (1000 mg/litre) was incubate2iratiC for 24—72 h with the following
microorganisms with demonstrated aromatic metaimgjiability: Aspergillus niger
Penicillium chrysogenun€unninghamella blakesleeanmaspergillus ochraceous
Gliocladium deliquescensStreptomycesp.,Rhizopus stolonifetunata, Streptomyces
rimosus Cunninghamella bainierandHelicostylum piriforme

Gomodlka & Gomolka (1979) investigated the abilifynticroorganisms in municipal
wastewater to synthesize enzymes for the catdhgitsformation of different nitrobenzene
concentrations. Three concentration ranges (5-8@€00 and 400-1400 mg/litre) were
aerated in a respirometer, with continual analgéisxygen consumption, pH and
nitrobenzene content. The acclimation time — thee,time for 30—40% degradation in terms
of oxygen consumption — was in the range of 2—Sdayinitial nitrobenzene
concentrations of 50—300 mg/litre. After the aceltran period, concentrations of
nitrobenzene up to 300 mg/litre were degraded sloMb adverse effect on microbial
respiration was observed at nitrobenzene concensabdf up to 100 mg/litre, but complete
inhibition of oxygen consumption was found at corications above 1000 mg/litre.
Nitrobenzene was also shown to be degraded usimicipal sludge reactors (Gomaélka &
Gomolka, 1979; Gomolka & Gomoélka, 1983).

Davis et al. (1981) investigated the degradationimbbenzene and metabolite formation
during the decomposition of nitrobenzene using $emd industrial wastewater treatment
units and from municipal activated sludge. The stdal sludge contained mainly the four
bacterial generAcinetobacterAlcaligenesFlavobacteriumandPseudomonaand the yeast
Rhodotorula The municipal sludge was not classified for miabgenera. In each
experiment, the bacterial cell concentration was I8? cells/ml, and all incubations were
carried out at 28 °C. Degradation was monitoredygen uptake measurement in a
Warburg respirometer and by substance-specificyaisal GC/MS). Respiration was inhibited
by nitrobenzene concentrations of 100 and 200 treg(lindustrial sludge) and 200 mg/litre
(municipal sludge). Using the municipal seed, atiaihconcentration of nitrobenzene of 50
mg/litre was reduced to 0.3 mg/litre within 6 daffter subtracting the volatile fraction,
approximately 20% of removal could be attributedniorobial degradation. After 6 days, a
further 50 mg nitrobenzene/litre was added to ek and 40 mg/litre was found to remain
after a further 6 days’ incubation. This was thaughindicate that microbial degradation was
occurring mainly via co-metabolism, as the amodrmflocose available in the culture was
minimal for the second 6-day period. Using the stdal seed (in the endogenous growth
phase) and an initial nitrobenzene concentratiddOaing/litre, approximately 9—10 mg
nitrobenzenel/litre was biodegraded in 6 days. Aaiknd phenol were detected as
metabolites. Because of the small decrease inb@itrzene levels found during the
investigations, further experiments were perforritedetermine whether the applied test
substance was adsorbed or absorbed by the bactesal However, after cell digestion, no
nitrobenzene could be found in the inocula, indingathat the removal was due to microbial
transformation rather than simple adsorption toctheure.

Patil & Shinde (1988) studied the elimination afobenzene both alone and as a mixture
with aniline by activated sludge derived from a dstic sewage treatment plant. The
inoculum was acclimated for 15 days to wastewatataining both aniline and nitrobenzene.
Decomposition was followed by measurement of tharibal oxygen demand (COD) and
substance-specific analysis (GC). Initial nitrob&mez concentrations in the range of 184—-250
mg/litre were found to be completely degraded Iregberiments within 7—8 h of incubation.
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Tabak et al. (1981) studied the degradation obh&nzene in a static culture procedure using
a settled domestic wastewater as microbial inocidnthyeast extract as additional substrate.
Initial concentrations of 5 and 10 mg/litre wereubated for 7 days in static culture (25 °C;
dark). Subsequently, three subcultures were takemekly intervals and incubated under the
same conditions as the first culture in order tameixe the effects of acclimation. Degradation
was monitored by measuring the dissolved orgamisora(DOC) and the total organic carbon
(TOC) and by substance-specific analysis (GC). Atdblitre, 100% of the applied
nitrobenzene was degraded in all cultures. At 1ditreg 87% was degraded in the original
culture, 97% in the first subculture and 100% i@ siibsequent subcultures.

Under aerobic conditions, nitrobenzene was comlgleteninated within about 10 days by
samples of raw sewage from a municipal treatmeritplThe primary effluent was amended
with 10 mg nitrobenzene/litre and was incubatethendark at 29 °C. Every 7 days, fresh
sewage was added to provide additional nutriemisdy degradation of nitrobenzene was
measured by a UV spectrophotometric method. No atiscramine metabolites were detected
(Hallas & Alexander, 1983).

Pitter (1976) performed studies on the biodegrditiabif nitrobenzene by acclimated
activated sludge in a static die-away system edgmtao the Zahn-Wellens test. Prior to the
tests, the sludge was gradually acclimated oveta®@ to the initial nitrobenzene
concentration of 200 mg COD/litre as the sole sewfccarbon. The test substance was then
incubated with the thickened activated sludge (h@0dry weight/litre) in mineral salts
medium at a temperature of 20 £ 3 °C. After 5 dafyimcubation, 98% of the applied
nitrobenzene was degraded (based on COD removad)specific degradation rate was
reported to be 14 mg COD/g dry substance per hour.

Nitrobenzene has been shown to be removed in &wasdr treatment plant that received
approximately 50% industrial waste. Nitrobenzens ggiked into the raw wastewater
entering the treatment plant at a level of arowsdn@g/litre. Samples of primary and
secondary sludges from this plant were then taidretused as a feed sludge for a laboratory
anaerobic digester, but nitrobenzene was not detectthis feed sludge, indicating that
complete removal had occurred in the aerobic treatrplant (Govind et al., 1991).

4.4.1.3 Degradation of nitrobenzene in soll

Kincannon & Lin (1985) studied the primary degraolaiof nitrobenzene in columns
containing soil material and waste sludges. Thoddypes were used, ranging from clay to
sandy soils. Waste sludges (a dissolved air flmtagiudge, a slop oil sludge and a wood
preserving sludge) were applied to the top of taran and worked into the top 20 cm. The
removal of the initial influent concentration of@*mg nitrobenzene/kg was monitored by
GC analysis in different depths of the soil. Halek for nitrobenzene were found to be

56 days in the dissolved air flotation sludge-ansehcblumn, 13.4 days in the slop oll
sludge-amended column and 196.6 days in the woegkpring sludge-amended column. The
contribution of abiotic removal mechanisms remainelear, as nitrobenzene was found to be
removed fairly rapidly from sterilized soil colummsesumably by volatilization, with a half-
life of around 9 days.

Anderson et al. (1991) studied the removal of birzene in two soils, a silt loam of 1.49%

organic carbon content and a sandy loam of 0.6G94mc carbon content. The experiment
was carried out using both sterile and non-steniés to distinguish biotic losses from abiotic
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losses. Nitrobenzene was added to the soils ambkg dry weight, and the mixture was
incubated at 20 °C in the dark. The half-life df@ibenzene in both soils was around 9 days,
and the differences in the rate of disappearantvedes sterile and non-sterile soils was
slight, indicating that the loss was caused bytabmrocesses. Being unable to decisively
explain the fate of the applied test substanceatitieors discussed irreversible partitioning to
soil organic matter and losses during preanalysisge as possible sinks. Very similar
results have also been reported by Walton et @8q)L

Wilson et al. (1981) studied the fate of nitrober&e soil columns packed to a depth of 140
cm with a sandy soil type in a manner that presktlie characteristics of the original profile.
The columns received spring water spiked with atanexof compounds, including
nitrobenzene (0.92 and 0.16 mg/litre). Removahefdpplied nitrobenzene was measured by
substance-specific analysis in the effluent. Tleelfeolutions were applied for 45 days, but a
steady-state concentration in the effluent washeadn 25 days. At equilibrium, 60—-80% of
the nitrobenzene applied to the influent was foumithe column effluent, none volatilized,

and the remainder (20—-40%) was presumed to havadksd)on the column. The study
indicates the partial degradation of nitrobenzensoil and confirms its mobility in soil and

its potential to leach to groundwater.

The removal of nitrobenzene was determined in apbete-mix, bench-scale, continuous-
flow activated sludge reactor fed a synthetic waater containing a mixture of readily
degradable compounds as well as the compound stut#y. The activated sludge was
sampled from a municipal treatment plant and aatéd to the nitrobenzene-containing
wastewater prior to the test. The reactors wereabge with a hydraulic retention time of 8 h.
Following acclimation, samples were collected cwvéest period of 60 days and monitored
for 5-day biochemical oxygen demand (B)DIrOC, COD and nitrobenzene (GC analysis).
About 76—98% of the concentration of nitrobenzemgaiad to the influent (100 mg/litre) was
removed during the column passage (Stover & Kinoant983).

Piwoni et al. (1986) used microcosms designednlsite a rapid-infiltration land treatment
system for wastewater to determine the fate obbénzene under such conditions. The
microcosms consisted of 1.5-m soil columns with giamg ports at various depths, with the
top of the column enclosed in a "greenhouse" thnomigich air was flushed, such that the air
was replaced every 8 min. The columns were filléth fine sandy soil, planted to Reed
Canary Grass and maintained at 20 + 2 °C. Duringhation, they received water containing
a mixture of several chemicals (nitrobenzene comagon 271 ug/litre) each day. Substance-
specific analysis (GC) showed that <0.1% of theob#nzene volatilized from the column or
was found in the final effluent, implying that >9% was degraded during passage in the
column.

Nitrobenzene (120 mg/litre) was completely degradidin 72 h of incubation with
organisms isolated from soil sampled near a chdmmeaufacturing site (Charde et al.,
1990).

In summary, several investigations have reportatinlirobenzene was not readily degraded
by activated sludge inoculum. However, concentratiof nitrobenzene used in these studies
were generally much higher than those detecteflireats and likely to be toxic to
microorganisms. A more extensive range of othatistuindicated that the use of raw sewage
sludge from wastewater treatment plants can leadnaplete degradation of nitrobenzene
under aerobic conditions.
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4.4.2 Anaerobic degradation

Raw sewage from a municipal treatment plant wasaexd with 10 mg nitrobenzene/litre
and was incubated anaerobically in the dark at2%¥%ery 7 days, fresh sewage was added
to provide additional nutrients. Under anaerobieditons, nitrobenzene was completely
removed within 14 days; 50% UV absorption at theobenzene wavelength was observed
after 14 days, but GC/MS analysis subsequently slddhat this was due not to nitrobenzene
but to one of its metabolites. Aniline was detecesdhe major metabolite (Hallas &
Alexander, 1983).

Chou et al. (1978) studied the primary degradatiomtrobenzene by methanogenic bacteria.
The bacteria were enriched from a seed of wellslegedomestic sludge that was grown on
acetate for several years. Degradation was testezhctors for 20 days and in upflow
anaerobic filters for 2—10 days. No further detafishe test design were reported. The
batches were inoculated with methanogenic acetaiehéeng cultures, and, after substrate
utilization had started, inorganic salts, acetai @itrobenzene were supplied daily. Removal
of nitrobenzene was followed by monitoring of th@@ or the TOC. Nitrobenzene at a
concentration of 350 mg/litre was found to be ddgdaafter a long acclimation period (81%
removal in 110 days).

Degradation of nitrobenzene has been shown to ae@maerobic, expanded-bed, granular
activated carbon reactors. The reactors were wstddt synthetic wastewater containing
several semivolatile organic compounds (nitrobeazdrl00 mg/litre). The reactors were
gradually acclimated to increasing concentratidrtb® semivolatile organic compounds over
150 days. The synthetic wastewater was then addeedate of 8 litres/day (contact time of
the reactor was 10.5 h); nitrobenzene was not titec the reactor effluent. Aniline was
detected as a degradation product (Narayanan a98i3).

Canton et al. (1985) measured an 8% decreaseabeitzene after 8 days in anaerobic
culture containing unadapted inoculum, but repoadehlf-life of less than 2 weeks when
adapted inoculum was tested.

In conclusion, nitrobenzene can be degraded underabic conditions, but decomposition
in general was found to be slower than under aeramditions.

4.5 Ultimate fate following use

During industrial processing, most nitrobenzeneiained in closed systems for use in
further synthesis, predominantly of aniline, bigtoabf substituted nitrobenzenes and anilines.
Losses during production of nitrobenzene and dutghgubsequent use in closed systems are
likely to be low; when it is used as a solvent, boer, emissions are likely to be higher (e.g.,
US EPA, 1984) (see also sections 3.2.2 and 3.2.3).

Production losses to the environment can be eston@ee section 3.2.3), but those losses that
are specifically to air are not known. Direct raleaf nitrobenzene to air during its
manufacture can be minimized by the passage oanunated air through activated charcoal
(US EPA, 1980). Waste air at a major nitrobenzdaetpn Western Europe is disposed of via
a thermal treatment plant, in which nitrobenzensoisverted mainly to nitrogen oxides

(BUA, 1994).
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Nitrobenzene waste from production and conversimhaxidation products from
manufacture are decomposed thermally. At the sdam, glistillation "bottoms" arising from
its use as a solvent in the production of dyesranieerated (BUA, 1994).

Because nitrobenzene is listed as a hazardousasglesdisposal of waste nitrobenzene is
controlled by a number of federal regulations ia t/f5A. Land disposal restrictions apply to
wastes containing nitrobenzene. These wastes melgdmically or biologically treated or
incinerated by the liquid injection or fluidizeddeaethod (HSDB, 1988; US EPA, 1988,
1989).

5. ENVIRONMENTAL LEVELS AND HUMAN
EXPOSURE

5.1 Environmental levels

5.1.1 Air

Much of the information on nitrobenzene levelsimisderived from a series of reports from
New Jersey, USA, in which ambient air in urbanaland waste disposal areas was
monitored extensively. In the initial study by Be#lzet al. (1980), nitrobenzene was not
detected above the level of 0.05 pg{®.01 ppb) in about 260 samples collected in 1879.
1978, nitrobenzene levels averaged 2.0 [i¢0m0 ppb) in industrial areas and 0.1 p/m
(0.02 ppb) and 0.46 pg0.09 ppb) in two residential areas; in 1982, Ieve residential
areas were approximately 1.5 pg/f@.3 ppb) or less, whereas levels in industriehanwere
46 pg/ni (9 ppb) or more (Bozzelli & Kebbekus, 1982). Agaimst of the samples were
negative for nitrobenzene.

Little information is available for other areastbé USA. Pellizzari (1978) found only one
positive value of 107 ngffrat a plant site in Louisiana. Early summarizecdatS EPA,
1985) showed that less than 25% of US air sampége positive, with a median
concentration of about 0.05 pg/ii®.01 ppb). Mean levels measured in urban areas ar
generally low (<1 pg/rh[0.2 ppb]), whereas slightly higher levels (meah 2g/nT [0.40
ppb]) have been measured in industrial areas.

Harkov et al. (1983, 1984) carried out a comparisitime concentrations of nitrobenzene at
several urban sites in New Jersey, USA. In the semthe geometric mean levels detected at
three sites were 0.35, 0.35 and 0.5 [fgimith 80-90% of the samples being above the
detection limit of 0.25 pg/f In contrast to this, nitrobenzene was detecteshiy 6—14% of

the samples taken in the winter. Hunt et al. (1986ing the data collected by Harkov et al.
(1984), calculated the arithmetic means for thedtsites as 0.96, 1.56 and 2.1 |fgimthe
summer and 0.050, 0.050 and 0.10 |fgfthe winter. In another study (Lioy et al., 1983
nitrobenzene was not detected during the winter.

Studies of air over waste disposal sites (Harkaal.etL985) are confounded by weather and
timing. Air at one landfill showed a mean nitrobene concentration of 6.8 pgiii.32 ppb)
and another of 1.5 pgf0.3 ppb), but nitrobenzene was not detected aiitver sites
measured during snow and/or rain. LaRegina efl8Bg) summarized these studies by noting
that the highest value for nitrobenzene was 74 fi(lh48 ppb) at a hazardous waste site,
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whereas nitrobenzene was often undetectable elsegspecially in rural areas or at
sanitary landfills) or anywhere in the air durimg twinter.

Nitrobenzene has been detected (no level giveforest air in Eggegebirge, Germany, and
was thought to be of anthropogenic origin (Helntigle 1989).

Nitrobenzene was detected in 42 of 49 air samptes Japan in 1991 (detection limit 2
ng/nt). The levels measured were in the range 2.2—-186°{&nvironment Agency Japan,
1992).

Some measured air levels of nitrobenzene are givéable 8.

Table 8. Measured levels of nitrobenzene in air

Location (samples) Mean level (pg)h Reference

Camden, USA, July—August 1981 0.96 (max. 10.0) Hunt et al., 1986
(24-h average)

Camden, USA, January—February 1982 0.050 (max. 0.75)
(24-h average)

Elizabeth, USA, July—August 1981 1.56 (max. 24.1)
(24-h average)

Elizabeth, USA, January—February 19820.050 (max. 0.35)
(24-h average)

Newark, USA, July—August 1981 2.1 (max. 37.5)

(24-h average)

Newark, USA, July—August 1982 0.10 (max. 1.26)

(24-h average)

Six sites in New Jersey, USA <0.050 Bozzelli & Kebbekus,
(sampled every 6 days for 1-2 years) 1982

Industrial site, New Jersey, USA 2.0

(241 samples)

Residential site, New Jersey, USA 0.10
(49 samples)

Residential site, New Jersey, USA 0.45
(40 samples)

Japan 0.14 (range 0.0022-0.16) Environment Agency
Japan, 1992

#Data are arithmetic means. Maxima or ranges aengiv parentheses.

5.1.2 Water

5.1.2.1 Industrial and waste treatment effluents
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The effluent discharge produced during nitrobenzaaaufacture is the principal source of
nitrobenzene release to water. Estimates of rdtiesses to wastewater are discussed in
section 3.2.3. The nitrobenzene in wastewater nedg4t to the air, degraded by sewage
organisms or, rarely, carried through to finishextew.

The US Environmental Protection Agency (EPA) haseyed nitrobenzene levels reported

in effluents from 4000 publicly owned treatment i®and industrial sites. The highest value
in effluent was >100 mg/litre in the organic cheafscand plastics industry (Shackelford et
al., 1983). Nitrobenzene was detected in 1 of 88sirial effluents at a concentration greater
than 100 pg/litre (Perry et al., 1979). Reportdtbbenzene concentrations in raw and treated
industrial wastewaters from several industries eaingm 1.4 to 91 00Qg/litre (US EPA,

1983). Highest concentrations were associatedwatstewaters from the organic chemicals
and plastics industries.

The results of two surveys of priority pollutamspublicly owned treatment works in the
USA have been reported by Burns & Roe (1982). éfitfst survey, nitrobenzene was not
detected in any influent, effluent or raw sludgmpkes taken from 40 publicly owned
treatment works. In the second survey of 10 puplbeined treatment works, nitrobenzene
was detected in 4 of 60 influent samples at 154290tre and in 1 of 60 effluent samples at
4 ugllitre; it was not detected in any raw sludgegle.

Nitrobenzene was not detected in 238 samples dfjsltaken from 204 wastewater treatment
plants in Michigan, USA (Jacobs et al., 1987).

Webber & Lesage (1989) detected nitrobenzene in @78kudge samples taken from 15
Canadian municipal wastewater treatment plants.médian level measured was 3.5 mg/kg
dry weight, and the maximum level was 9 mg/kg derght. Nitrobenzene is detected more
frequently and at higher concentrations in efflsgndm industrial sources than in urban
runoff. Of 1245 industrial effluents reported iretdS STORET database for which analysis
of nitrobenzene had been undertaken, nitrobenzeasedetected in 1.8% of the samples, with
the median level being <10 pg/litre (Staples etl#85). In the finished effluent,
nitrobenzene was detected in only 3 of the 4000igylowned treatment works and in one
oil refinery (Ellis et al., 1982). In a nationwidlkS project in 1982, the National Urban Runoff
Program found no nitrobenzene in 86 runoff samfstas 51 catchments in 19 US cities
(Cole et al., 1984).

Nitrobenzene concentrations of about 20 pg/litrhanfinal effluent of a Los Angeles
County, California, USA, municipal wastewater treant plant in July 1978 and less than 10
pa/litre in November 1980 were reported (Youngletl®83). Levins et al. (1979) reported
only one positive sample (total sample number taied) in Hartford, Connecticut, USA,
sewage treatment plant influents, and no nitrobeareas detected in samples taken from
three other major metropolitan areas.

5.1.2.2 Surface water
Nitrobenzene was not detected in any surface vgat@aples collected near 862 hazardous

waste sites in the USA, according to the Contradtdratory Program Statistical Database
(CLPSD, 1988).
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Nitrobenzene was not detected (detection limit Aifng) in the Potomac River, USA (Hall et
al., 1987).

Detailed surveys of Japanese surface waters welertaken in 1977 and 1991. In the 1977
survey, nitrobenzene was detected in 22 of 115 kg a level of 0.13-3.8 ugl/litre
(detection limit 0.1-30 pg/litre). In the 1991 seyy nitrobenzene was detected in 1 of 153
surface water samples at a level of 0.17 pg/ldegection limit 0.15 pg/litre). The samples
were taken from both industrialized and rural af&asota, 1979; Environment Agency
Japan, 1992).

Staples et al. (1985) reported that of the 836rdetations of nitrobenzene in ambient
surface water contained in the US STORET datalméisebenzene was detected in 0.4% of
the samples, with a median level of <10 pgl/litre.

In a year-long survey of water from two reservoiesir Calgary, Canada, nitrobenzene was
not detected in any of the samples taken (detettron0.1 pg/litre) (Hargesheimer & Lewis,
1987).

Noordsij et al. (1985) found that nitrobenzene wasent in water from both the river Waal
and the river Lek in the Netherlands (no levelsegiy but was not detected in riverbank-
filtered groundwater from the same area.

In reviewing available data, generally low levedsound 0.1-1 pg/litre) of nitrobenzene have
been measured in surface waters. One of the hitghesds reported was 67 pgl/litre, in the
river Danube in Yugoslavia (Hain et al., 1990). Maxi the rivers sampled for nitrobenzene
are known to suffer from industrial pollution armireay not represent the general situation.

After a temporary failure in an industrial wastegrareatment plant at BASF
Aktiengesellschaft in May 1984, a peak nitrobenzemecentration of 25 pg/litre was
measured in the river Rhine, Germany (BUA, 1994).

Some measured levels of nitrobenzene in surfacerasat shown in Table 9.

Table 9. Some reported levels of nitrobenzene in gace waters

Location Concentration (pg/litre) Reference
River Waal, Netherlands Spring average 5.4 Meijers & Van Der Leer,
Summer average 0.3 1976

Autumn average 0.1
Winter average 1.0
Maximum level 13.8

River Maas, Netherlands Summer not detected (<0.1)
Autumn average 0.1
Winter average 0.1
Maximum level 0.3

Scheldt Estuary, Dutch— Detected in 1 sample at 0.13 | Van Zoest & Van Eck,
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Belgium border 1991

Surface water, USA 0.3-13.8 Waggot & Wheatland,
1978

River Rhine, Netherlands Average 0.5 (1976-1978) Zoeteman et al., 1980
Average 1 (1979)

River Danube, Yugoslavia 67 Hain et al., 1990

River Rhine, Germany Geometric mean 0.42 Kuhn &f&lil, 1986

North Saskatchewan River, | Detected at 1 site at 7.25 Ongley et al., 1988

Canada

Surface water, Paris, France 0.20-0.50 Mallevélia., 1984

Yanghe River, China Not detected to 0.7 Wang etl8b9

5.1.2.3 Groundwater

Nitrobenzene was detected in groundwater at 3 Bfté&ardous waste sites in the USA at a
geometric mean concentration of 1400 pg/litre, etiog to the Contract Laboratory Program
Statistical Database (CLPSD, 1988).

Nitrobenzene was not detected (<1.13 pg/litre)ougdwater at an explosives manufacturing
site in the USA. The aquifer at the site was kndéavhe contaminated with explosives
residues (Dennis et al., 1990; Wujcik et al., 1992)

Nitrobenzene was detected at a level of 210-25negh groundwater from Gibbstown,
USA (Rosen et al., 1992).

Prior & Tuthill (1988) measured nitrobenzene a¢el of 4.2 mg/litre in groundwater at a
coal gasification site in the USA. Nitrobenzene watdetected in groundwater at another
similar site.

No nitrobenzene was detected (minimum detectioit 067 pg/litre) in three groundwater
sources of domestic water in the Mexico City rediDowns et al., 1999).

5.1.2.4 Drinking-water

Nitrobenzene was detected in 1 of 14 samples atd@dewater in the United Kingdom. The
positive sample was water derived from an uplasdmeir (Fielding et al., 1981).

In a survey of 30 Canadian potable water treatrfaaiities, nitrobenzene was not detected in
either raw or treated water (detection limit 5 jigd) (Otson et al., 1982).

Kopfler et al. (1977) listed nitrobenzene as onthefchemicals found in finished tap water in
the USA, but did not report its concentrationsomations.
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According to the BUA (1994), the nitrobenzene cahte potable water following passage
through the soil was 0.1 pg/litre (mean), with nmaxim values of 0.7 pg/litre in 50 samples
taken from the river Lek at Hagestein, Netherlani4,986.

5.1.3 Sediments

A survey of sediment contamination in Japan wasttalen in 1991. Nitrobenzene was
found in 2 of 162 sediment samples at a level ef7@7ug/kg (detection limit 23 pg/kg)
(Environment Agency Japan, 1992).

Staples et al. (1985), using the US STORET databegerted that nitrobenzene was not
detected in 349 samples of sediment (detectiort 500 LLg/kg dry weight).

Nitrobenzene was not detected in samples of suggeseliments or bottom sediments from
the North Saskatchewan River, Canada (Ongley e1%88).

5.1.4 Soils

As a source of exposure of humans to nitrobenzakis less important than air or
groundwater. Nelson & Hites (1980) reported a h#rzene concentration of 8 mg/kg in the
soil of a former dye manufacturing site along thelbof the industrially polluted Buffalo
River in New York, USA, but failed to detect niterzene in river sediments. The presence
of nitrobenzene in the soils of abandoned hazard@sse sites is inferred by its presence in
the atmosphere above several sites (Harkov et385; LaRegina et al., 1986). Nitrobenzene
was detected in soil/sediment samples at 4 of @@2rdous waste sites at a geometric mean
concentration of 1000 pg/kg (CLPSD, 1988).

Nitrobenzene was detected at a level of 0.79 migyiigof 10 soil samples taken from a site in

Seattle, USA. The site had formerly been useddat and oil gasification, and it was thought
that many wastes were deposited on the site (Tun@yperlitz, 1990).

5.1.5 Food
Data on nitrobenzene occurrence in foods wereqwtd in the literature. Nitrobenzene has
been detected as a bioaccumulated material irséisiples in Japan (see section 5.1.6). No

monitoring of plant tissues has been reported, gvengh uptake of nitrobenzene by plants
has been observed (see section 4.3.2).

5.1.6 Occurrence in biota

Surveys of nitrobenzene in fish were carried ouldapan in 1991. Nitrobenzene was detected
in 4 of 147 fish samples at a level of 11-26 pudtketection limit 8.7 pg/kg) (Environment
Agency Japan, 1992).

Staples et al. (1985), using the US STORET databegerted that nitrobenzene was not
detected in 122 biota samples (detection limit Zkggvet weight).

5.2 General population exposure

50



General exposure of the population to nitrobenzeteited to variable concentrations in air
and possibly drinking-water (see section 5.1). €hgiikely to be very limited exposure via
the use of nitrobenzene in some consumer prodaith®ugh the potential for exposure from
these uses has not been quantified (see sect®as@.5.1). Urban areas are likely to have
higher levels of nitrobenzene in air in the sumthan in the winter due to both the formation
of nitrobenzene by nitration of benzene (from motehicle fuels) and the higher volatility of
nitrobenzene during the warmer months (Dorigan &litin, 1976; see also sections 3.2.4
and 5.1). Ambient exposure in the winter may bdigixe.

Based on air studies and on estimates of releasggydnanufacture, only populations in the
vicinity of manufacturing activities (i.e., produseand industrial consumers of nitrobenzene
for subsequent synthesis) and petroleum refiniagtplare likely to have any significant
exposure to nitrobenzene (see section 5.1). Howewasideration of possible groundwater
(see section 5.1.2) and soil contamination (setose6.1.4) and uptake of nitrobenzene by
plants (see section 4.3.2) expands the populatitntiae potential for higher exposures to
those people living in and around abandoned hamard@aste sites.

5.3 Occupational exposure during manufacture,
formulation or use

Occupational exposure is likely to be significarttlgher than the exposure of the general
population. In the USA, a NIOSH (1990) survey estiea that about 10 600 workers (mainly
chemists, equipment servicers and janitorial statly be potentially exposed in facilities in
which nitrobenzene is used; this survey was nomiifadive with respect to the amount of
exposure. Because nitrobenzene is readily absdhipedgh the skin, skin contact may be a
major, if not the main, route of exposure undempetional circumstances. It was
experimentally found (see section 6.1.3) that uptaiknitrobenzene vapour at 5 mg/m
through the skin or the whole body area amountétinty during 6 h, whereas the
corresponding uptake via inhalation can be estidhaseabout 30 mg.

In the 1950s, air measurements of nitrobenzeneHargarian production facility gave 29
mg/nt (confidence interval 20-38 mgfjnand the workers showed increased
methaemoglobin levels (mean 0.61 g/100 ml, i.eouaB—5%), some workers even indicating
Heinz body formation at about 1% (Pacséri et &58). In a more recent survey in an
anthraquinone plant (Harmer et al., 1989), atmaspinérobenzene levels over an 8-h
period, measured by GC, ranged from 0.7 to 2.2 raggmall amounts of unchanged
nitrobenzene were detected in blood preshift onldé@gnging from non-detectable to

52 ugl/litre) and postshift on day 3 (ranging front@ 110 pg/litre in the same seven
workers), indicating some accumulation of nitrobame in the body. Methaemoglobin levels
were all below 2%, with no clear correlation witledd nitrobenzene levels. Urinapy
nitrophenol tended to increase over the 3-day ghifiod (ranging between about 0.2 and 5.4
mg/litre), although there did not appear to be meminelation with atmospheric
concentrations of nitrobenzene. Among many pos$dars, the lack of correlation could
suggest skin absorption. Urinary ando- nitrophenols were "detected.”

6. KINETICS AND METABOLISM IN LABORATORY
ANIMALS AND HUMANS
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6.1 Absorption

Nitrobenzene is readily taken up via ingestionpurabsorption and inhalation.

6.1.1 Oral exposure

After oral administration of 250 md*C]nitrobenzene/kg of body weight by stomach tube to
a rabbit, Parke (1956) recovered 78% of adminidteaidioactivity within 8 days; 1.2% was

in exhaled air, 57.6% in urine, 12.2% in faeces gamtrointestinal tract contents, and 7.5% in
tissues, of which fat deposits had the highestisevinis would indicate that the extent of
gastrointestinal absorption was at least 66% obthédose, assuming no enterohepatic
cycling.

In rats (Fischer-344 and Sprague-Dawley straingrgsingle oral doses of 22.5 or 225 mg
[1*C]nitrobenzene/kg of body weight, approximately 2% of the administered dose was
recovered in 72 h, of which about 80% was in urindicating that there was significant
absorption of nitrobenzene from the gastrointektnaat (Rickert et al., 1983). Oral doses
appeared to be less well absorbed in B6GBi€e than in the two rat strains; at 72 h after an
oral dose of 225 mg/kg of body weight, about 35% Yeaind in urine (compared with 57—
63% in rats at the same dose) and about 19% ifadoes (compared with 14% in rats).

No studies were located regarding the extent cikegoof nitrobenzene by humans after oral
exposure; however, from reports of human poisonfage section 8.1.1), oral absorption
would appear to be rapid and extensive.

6.1.2 Dermal exposure

The toxicokinetics of dermal exposure have not beelhstudied in either experimental
animals or humans. In animal studies, nitrobenzg@pears to be well absorbed after dermal
application, based on observations of toxic respem@asd pathological findings in treated
animals (Shimkin, 1939; Matsumaru & Yoshida, 19%milarly, numerous poisonings, with
some fatalities, have occurred in humans dermalhpsed to nitrobenzene (see section
8.1.2).

An apparatus was developed to measure skin absorfipdm nitrobenzene vapour in the air,
without inhalation of nitrobenzene (Piotrowski, ¥96The author calculated that
approximately half as much nitrobenzene vapouratserbed through the skin as through
the lungs when volunteers were exposed to 5-30 fnyfapour absorption through the skin
was proportional to the concentration of nitroberem the air, and normal working clothes
reduced this absorption by only 20-30%. In high talityy skin absorption of vapour was
significantly increased. It was estimated thatraai level of 5 mg/r) intake from dermal
exposure to vapour would amount to about 7 mg aveh working day. Assuming lung
ventilation of 4—5 mover a 6-h period and 80% retention, lung uptakald/be 18 mg, for a
total intake of 25 mg/day. It was noted that whergdn absorption from vapour exposure
was substantial (absorption rate per unit vapouacentration between 0.23 and 0.3 mg/h per
mg/nt over the concentration range 5-30 mij/rit was much less than the absorption of
liquid nitrobenzene through the skin, which carcheabout 2 mg/cfper hour (Salmowa &
Piotrowski, 1960).

52



The Task Group noted that a more realistic lungilation of 7.5 nf over 6 h would lead to

an estimated lung uptake of 30 mg (assuming 80@&fitien), in which case vapour
absorption through the entire skin would be onlgwtlone-fifth to one-quarter of that through
the lungs.

Feldmann & Maibach (1970) applied 4 pgfonfi a number of“C-labelled organic
compounds, including nitrobenzene, to a 13-circular area of the forearm of one human
volunteer for 24 h (sites unprotected, but not wddior at least 24 h). Radioactivity in urine
was then measured over a 5-day collection perioltetion of carbon dioxide after wet
ashing); compounds were dissolved in acetone folicgtion. Total absorption of
nitrobenzene was estimated to be only 1.53% ofdta dose under the above conditions. In
view of the fact that only a small amount of niteolzene was applied (52 ug) in acetone
solvent to an unprotected site, the finding of dityited absorption must be interpreted with
caution.

6.1.3 Inhalation exposure

Five adult Wistar rats were exposed to nitrobenzempeur at 130 mg/i(25 ppm) for 8 h,
and the urine was collected for three 24-h peribldsquantitative estimation of absorption
was made, but both-nitrophenol angb-aminophenol were detected in the urine at thead-
48-h collection periods. In 24-h urine, levelsloé former were about 1.7 umol/24 h per rat,
and levels of the latter were about 1.1 pmol/2£ihrat; both declined to less than one-half
these amounts at the 48-h collection (lkeda & Ki@64).

In humans, nitrobenzene is well absorbed throughuhgs (WHO, 1986). During a 6-h
exposure of volunteers to nitrobenzene, Salmoveh €1963) found absorption to average
80% (73—-87%) in seven men breathing 5-30 mg nitroiree/m. Uptake was dose
dependent but showed considerable interindividaahtion.

6.2 Distribution

6.2.1 Oral exposure

Male Wistar rats were orally dosed (stomach tukigh) ¥iC-labelled nitrobenzene at 25 pg/rat
per day for 3 days. Faeces and urine were collestedy day until necropsy on day 8, with
determination of radioactivity in selected tiss@ieeitag et al., 1982). Seven-day excretion
accounted for 59.3% of the dose in the urine and%5n the faeces. At necropsy, no
detectable radioactivity was found in abdominapade tissue or in the lungs, whereas 0.43%
of the dose was in the liver and 2.3% was retaindglde remaining carcass. Not all sources of
elimination of label were measured (e.g., carbaxidein expired air), and 22.6% of the
administered dose was not accounted for.

In a study in female Wistar rats that received‘f{O}nitrobenzene by gavage at a dose of 0.2
mmol/kg of body weight, tissue concentrations ¢hltoadioactivity were determined after 1
and 7 days. Within 24 h, 50 = 10% of the radioactiose appeared in the urine and about 4%
in the faeces. After 1 week, 65% of the dose haarged in the urine and 15.5% in the
faeces. Binding to tissues after the first daypimol/mg)/(mmol/kg of body weight), was as
follows: blood, 229; liver, 129; kidney, 204; anahg, 62. At day 7, these same tissue levels
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were 134, 26.5, 48 and 29 (pmol/mg)/(mmol/kg ofypaetight). Binding to haemoglobin
(Hb) was also studied (Albrecht & Neumann, 1988g(section 6.6).

Analysis of radioactivity in body tissues of onébé indicated that 1.5 days after dosing with
250 mg fCnitrobenzene/kg of body weight by stomach tul#e5% of the administered

dose was accounted for in tissues (excluding stbraad intestinal contents), particularly in
kidney fat (15.4%), skeletal muscle (12%) and itmes fat (11.6%); unchanged nitrobenzene
was present in the tissues. Radioactivity in theestissues was down to <7.5% of the applied
dose after 8 days, with no unchanged nitrobenzetectkd (Parke, 1956).

In autopsies of five cases of nitrobenzene poigpmrhumans, the chemical was found in
stomach, liver, brain and blood. The highest cotre¢ion found in liver was 124 mg/kg
tissue, and in brain, 164 mg/kg tissue (Wirtschia§t&Volpaw, 1944).

6.2.2 Dermal exposure

No studies were located that investigated theildigion of nitrobenzene or its metabolites
after dermal exposure.

6.2.3 Inhalation exposure

No studies on the distribution of nitrobenzenet®metabolites after inhalation exposure of
animals or humans were found in the literature.

6.3 Metabolic transformation

6.3.11n vivo metabolic studies

Following on from a review of nitrobenzene metatwliby Beauchamp et al. (1982), which
covered articles published prior to January 198akért (1987) reviewed subsequent papers,
relying heavily on the work of Levin & Dent (19823.metabolic diagram arising from that
review is presented in Figure 3. A more recentaeudy Holder (1999a) covers the
persistence of reactive intermediates of nitrobeazeetabolism in tissues.

Most metabolic studies have utilized oral dosihgist it is not possible to determine whether

there are quantitative or qualitative differenaesitrobenzene metabolism following oral,
dermal and inhalational exposure.

54



NO; N O,

F-344 =102 F-34
CDh = &7 D
Mice = 6.1 0804H o.al Mdice
\ NO; /v'
m-nitrophenol
F344= 0
N0z CD = 12
DH Mice = 0.1
F344 =122
D =103
Mice = 63 \ NO; IO, NO
O80.H
? nitr
N0,
/ nitrobenzene
OH
F3dd= 0 4{
CD = 05 p-nitrophenocl
Mice = 0.1 F-344 =0 NHOH
O-Gl ch= 22 Unknown 1 Unknown 2
- Mice= 08  F344=98 F344 =0 Eifdf
— — &z
NHCOCH; CD= 253 (CD= 37

Mice= 48 IMice= 28
F-344 =190 L
Chh = 5.8
MHCOCH
Mice = 04 \ 3 NH;

O80;H F.
C
M

NHCOCH3 \‘\\

MH;
) _ p-h}rdroxy_ p—ammophenol
E[B;M =1 g acetanilide F-344 = 0 MNH; O
Mice —3.1 Fi3d44= 0 oD = 0
o CD =13 Mice = 0.1 F-344 = 0
O-Gl Mice = 0.4 . QD = 0
Mlice 0.2 OC
-Gl

Fig. 3. Urinary metabolites of nitrobenzene in Fisber-344 and CD rats and B6C3I-
mice. Both reduction and oxidation pathways for nitobenzene are shown. Numbers
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beside the structures are the percentages of a 2&8&)/kg of body weight oral dose found
in the urine in 72 h (Rickert, 1987). Note that hydoxylaminobenzene =N-
phenylhydroxylamine. Abbreviations: F-344 — Fischet344 rats; CD — CD rats; mice
— B6C3F. mice; Gl — glucuronic acid.

Robinson et al. (1951) found that in giant chinehibbbits, nitrobenzene was both oxidized
and reduced. In semiquantitative studies (usingcseke extractions, chromatography and
colorimetric assays), urine of female giant chifiahiabbits was collected for 48 h after
gavage dosing (via stomach tube) with about 200itngbenzene/kg of body weight. The
major metabolite wag-aminophenol (35% of the dose), followedpyandm-nitrophenol

(5% and 4%, respectively) and traces of anilinB%g), o- andm-aminophenol (0.54% and
0.58%, respectively), 4-nitrocatech{0l5%) ando-nitrophenol (0.05%); unchanged
nitrobenzene constituted only 0.03% of the dosevex®d after 2 days. Over 48 h, just over
50% of the dose was accounted for; metabolitesdcstill be detected in urine 7 days after
dosing. Theg-aminophenol was excreted as glucuronic and salfgid conjugates. Since the
amount of nitrobenzene excreted unchanged wasgitggli virtually the whole of the dose
was either oxidized (nitrophenols) or reduced {aeiand aminophenols); roughly two-thirds
was excreted in the reduced form as amino compo@amdisone-third as nitro compounds.

The work cited in the previous paragraph was fodldwp using radioactive nitrobenzene,
leading to the identification of a much greatergandion of the orally administered dose
(Parke, 1956). In rabbits given a single dose néloaly labelled {*C]nitrobenzene (200-400
mg/kg of body weight) by stomach tube, 70% of tdiwactivity was eliminated from the
animals in expired air, urine and faeces within dags after dosing. The remainder of the
radioactivity was found to be slowly excreted imerand possibly in expired air (as carbon
dioxide). Approximately 1% of the dose was founadabon dioxide and 0.6% as
nitrobenzene in expired air within the first 30fre@posure; the elimination of carbon dioxide
was not complete within this time. After 4-5 daggproximately 58% of the dose was
eliminated in urine ap-aminophenol (31%)n-nitrophenol (9%)p-nitrophenol (9%)m-
aminophenol (4%)-aminophenol (3%), 4-nitrocatechol (0.7%), anil{0e8%) ando-
nitrophenol (0.1%); two new metabolites, not idéed in the studies of Robinson et al.
(1951), were nitroquinol (0.1%) ampenitrophenolmercapturic acid (0.3%). Over 4-5 days
after dosing, faeces were found to contain aro@dBthe administered radioactivity, of
which 6% was ap-aminophenol. Over this period, including the radiivity remaining in

the tissues and that excreted in urine, faeceempided air, 85-90% of the dose was
accounted for. Traces of radioactivity were stdtettable in urine 10 days after dosing
(Parke, 1956).

In a study in which a single guinea-pig was giv¥g]nitrobenzene by intraperitoneal
injection at 500 mg/kg of body weight (Parke, 1956¢ only marked differences in the
findings from the results in rabbits (gavage doysingre the complete absenceoef
nitrophenol and a decreasenmnitrophenol; it was considered by the author thab- and
m-nitrophenols may be more readily reduced to threesponding aminophenols in guinea-
pigs than in rabbits.

Rickert et al. (1983) studied the metabolism anctehon of orally administered nitrobenzene
in B6C3R mice, Fischer-344 rats and Sprague-Dawley (C3) fhdings are summarized in
Figure 3 (taken from Rickert, 1987). In mice andhb@t strains, urinary metabolites were
free and conjugated forms pfhydroxyacetanilidep- andm-nitrophenol and, in mice onlyp:
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aminophenol; Fischer-344 rats excreted these exelysas sulfate esters, and mice and CD
rats, as free compounds, sulfate esters and gloicie®

When Wistar rats were given 25 mg radiolabelletbbi#nzene/kg of body weight by gavage,
biotransformation was first seen in the intestileere nitrobenzene was sequentially reduced
to nitrosobenzene, hydroxylaminobenzene and anjitarecht & Neumann, 1985). These
findings were also reported in Fischer-344 rats/ihé& Dent, 1982).

The action of bacteria normally present in the $méstine of the rat is an important
element in the formation of methaemoglobin resglfiom nitrobenzene exposure. Germ-free
rats do not develop methaemoglobinaemia when ietitameally dosed with nitrobenzene
(Reddy et al., 1976). When nitrobenzene (200 mgfkagpdy weight in sesame oil) was
intraperitoneally administered to normal Spraguevleg rats, 30—40% of the haemoglobin in
the blood was converted to methaemoglobin withid A-When the same dose was
administered to germ-free or antibiotic-pretreatgd, there was no measurable
methaemoglobin formation, even when measured Uphtafter treatment. The nitroreductase
activities of various tissues (liver, kidney, gutlly were not significantly different in germ-
free and control rats, but the activity was negligiin gut contents from germ-free rats and
high in control rats. This led the authors to siggdgieat a nitrobenzene metabolite such as
aniline (which is formed by the bacterial reductadmitrobenzene in the intestines of rats) is
involved in methaemoglobin formation. In additiaingt has been shown to play a role in the
production of methaemoglobin by influencing theestinal microflora; the presence of pectin
in the diets of rats was shown to increase thétyabil orally administered nitrobenzene to
induce methaemoglobinaemia. This was correlatell thié increaseh vitro reductive
metabolism of {"C]nitrobenzene by the caecal contents of rats teilied diets containing
increasing amounts of pectin (Goldstein et al. 4198

Confirming and extending the results of Reddy e(1876), Levin & Dent (1982) studied the
metabolism of [UX'C]nitrobenzene in Fischer-344 rats, bisttvivo and by hepatic
microsomal fractions and caecal contents. Isolesattal contents sequentially reduced
nitrobenzene to nitrosobenzene, hydroxylaminobemaenl, ultimately, aniline; this
anaerobic metabolism occurred 150 times faster ibdunction by microsomes, even when the
microsomes were incubated under optimal anaeraiditons (which are unlikely to occur
in vivo). After oral dosing of rats, final reduction pradsiin the urine (of which the major
one wag-hydroxyacetanilide) arise from these absorbedlgta metabolites, which
undergo subsequent hydroxylations and acetylatfgnesumably by the mammalian mixed-
function oxidases and acetyltransferasesivo antibiotic treatment reduced urinary
excretion ofp-hydroxyacetanilide and another unidentified reducetabolite by 94% and
86%, respectively, indicating that whereas gut oflora was the major cause of reductive
metabolism, some limited reductive metabolism meguoin liver, or that the antibiotic
treatment did not eliminate all of the reductiveteaia from the gut.

Further proof of enteric nitroreduction in ratshe demonstration that a model compound
such ag-nitrobenzoic acid is reduced peaminobenzoic acid in normal rats (25% occurring
in urine), but not significantly so in germ-freeraals (1% in urine) (Wheeler et al., 1975).
Selective introduction of various gut bacteria saslostridiumandStreptococcus faecalis
into germ-free rats increased the reductiop-oftrobenzoic acid t@-aminobenzoic acid

from negligible levels to around 12%. Removal guéstantial portion of the caecum also
decreased the capacity of normal rats to regutiérobenzoic acid.
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Oxidative metabolism proceeded independently aficede metabolism in this study;
however, the rate of oxidative metabolism of nigobene by hepatic microsomes was
extremely slow, being about one-tenth that of aailiThe limited role of the mixed-function
oxidase activity for nitrobenzene may be a consecgief the uncoupling of cytochrome P-
450, resulting in futile redox cycling of the nitgooup, with the generation of superoxide
anions. Major oxidative metabolitest andp-nitrophenol, represented >30% of the dose.
Since rates of hepatic and extrahepatic (renaljasmmal metabolism or isolated hepatocyte
metabolism did not appear to account for thigivo level of nitrophenol formation, it was not
possible to identify the subcellular site(s) ofdative metabolism. The fact that oxidative
metabolism was unaffected by antibiotic treatmadtdates that thex andp-nitrophenol did
not arise from ring hydroxylation of reduced metébs followed by reoxidation of the
nitrogen. Reductive metabolism appears to preceikaitive metabolism, for two reasons.
First, since at least 30% of the nitrophenol wageted in thenetaform, if reduction were
secondary to oxidation, it would be expected tbate of the reduction products would be in
themetaform, and this was not the case. Second, thetsdltand acetylated nature of the
final reduction product implies liver-catalyseddirsteps following reduction in the gut
(Levin & Dent, 1982). An outline of the proposedtat®lism is given in Figure 3 above.

6.3.21n vitro and ex vivo metabolic studies

Sheep ruminal content was able to reduce nitroggad nitrobenzene (Acosta de Pérez et al.,
1992).

In rat liver microsomegy-nitrophenol, an intermediate of nitrobenzene, lmaenzymatically
converted to 4-nitrocatechol (Chrastil & Wilson,789 Billings, 1985). The presence of a
highly activep-nitrophenol hydroxylase catalysing the formatidd-amitrocatechol fronp-
nitrophenol (by placing a hydroxy group at trgho position) was detected in sheep lung
microsomes (Arin¢ & Aydgmus, 1990). The formation of catechols from benzare
nitrobenzene has been implicated in the possibi@reayenic activity of these compounds
(Billings, 1985; Kalf et al., 1987); catechols ateemically reactive and may covalently bind
to cellular macromolecules.

Daly et al. (1968) studied the metabolism of nigbene in female guinea-pigsvivo and in
rat liver microsomes vitro. Animals were given 400 mg nitrobenzene/kg of baeyght
intraperitoneally, and the urine was collected4®8r. The main metabolite found was 4-
hydroxynitrobenzenep¢nitrophenol). Traces of this metabolite were fowigen
nitrobenzene was incubated at 37 °C with rat Im&@rosomes.

Male Wistar rats were given subcutaneous doseS®fig nitrobenzene/kg of body weight
per day for 3 days or 5 or 50 mg/kg of body weigt day for 30 days. There was 34—-60%
stimulation of nitrobenzene reductase activity &id47% stimulation of aniling-
hydroxylase activity in 9000 g supernatants of livers from these animals (WiSelew
Knypl et al., 1975). This suggests that repeatgugure to nitrobenzene may have some
effects on the rate or route of its own metabolism.

In an English abstract of a Russian paper, it wpsnted that electron spin resonance (ESR)
studies revealed that the reduction of nitrobenzefiger homogenates is accompanied by
the appearance of nitroanion radicals. The ESRtgpeof nitroxyl radicals of nitrobenzene
was recorded. The formation of haemoprotein nifrosynplexes was absent for nitrobenzene
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and nitrosobenzene (Baider & Isichenko, 1990). Tésslt would tend to confirm the results
of Levin & Dent (1982) (see section 7.9.1).

The metabolism of the aromatic compounds anilinetamilide N-hydroxyacetanilide,
nitrosobenzene and nitrobenzene was investigatedanspermatozoa fortified with glucose.
No acetylation, deacetylation or mono-oxygenatibthese compounds was found.
Nitrobenzene was reduced slowly, with the formatbtrace amounts of
hydroxylaminobenzene. Nitrosobenzene was a goostsue for this reductive reaction; the
products weré\-hydroxyacetanilide, azoxybenzene and an organas@lmon-extractable
metabolite (Yoshioka et al., 1989).

6.3.3 Biochemical and mechanistic considerations

Although nitrobenzene undergoes more C-hydroxyhaiong oxidation to produce phenols)
thanN-hydroxylation (nitroxides), the latter path is iorfant because toxic and potentially
carcinogenic nitroxide intermediates can be forifi@dse, 1966; Miller, 1970; Weisberger &
Weisberger, 1973; Mason, 1982; Blaauboer & Van téglg 1983; Verna et al., 1996).
Nitroarenes such as nitrobenzene can be metabaizbeé nitro group to the same nitroxide
intermediates as their analogue aromatic aminesa(Bloer & Van Holsteijn, 1983). For
example, nitrobenzene canWeeduced to form nitrosobenzene and phenylhydromyia
(Figure 4A). Conversely, aniline (either administeas such or formed from nitrobenzene)
can beN-oxidized to form both of these intermediates. Alaton of phenylhydroxylamine at
the hydroxylamine group is known to occur by polyptoc acetyltransferases in rodents and
humans (and the chemically reactive prodehydroxyacetanilide, may possess
carcinogenic potential) (Hein, 1988; Hein et a@97).

Mitrobenzene Aniline

@—NOE Flawins ONHg
MNAD{PIH
2
0\ /
2w |_||
o —w ()tion

Mitrosobenzene Phenylhydraxylamine

Bacterial nitroreductase

Fig. 4. Oxidation and reduction mechanisms for nitobenzene.

A. Microbial nitroreductase reaction in the intestines of rats — This appears to be the
most important nitroreduction site in the body following oral exposure to nitrobenzene.
Note that reactive intermediates nitrosobenzene, @mylhydroxylamine and aniline are
released and then absorbed and distributed in thedaly. Free radicals are not released

locally from the nitroreductase catalytic centre (Fblder, 1999a).
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Intestinal nitroreduction of nitroarenes is an impot nitroaromatic metabolic pathway.
Cellular alterations are not likely to be limitelDNA. Reducing metabolism can occur by
caecal bacteria that contain different nitroredsesa some oxygen sensitive, some not
(Wheeler et al., 1975; Peterson et al., 1979).eixample, Figure 4A outlines the metabolic
action of an enteric microbial nitroreductase, sD\P)H-dependent flavoprotein monomer
(27 kilodaltons) insensitive to oxygen (Bryant &lea, 1991). The active centre catalyses
the reaction R—-Ngto R—NH, by a three-step, two-electron per step mechanism.ehteric
metabolic site was identified by observations #ititer antibiotic-pretreated or germ-free rats
have much lower amounts of both enteric bacterthca@cal nitroreduction activity.
Conversely, caecal nitroreduction increases in gfeemrats that are inoculated intestinally
with normal rat caecal lavage (Wheeler et al., 19&vin & Dent, 1982; see section 6.3.1).
Although reduction by gut bacteria is the primaeguctive mechanism for orally
administered nitrobenzene, small amounts of inhaledbenzene may be swallowed and
also undergo reduction in the intestines.

Nitrosobenzene and phenylhydroxylamine are relesstte gut after nitroreduction of
nitrobenzene (Figure 4A), followed by systemic apton of these metabolites plus parent
compound. These compounds then undergo furthezraysimetabolism, e.g., hydroxylation
and acetylation, presumably by mixed-function og&tand acetyltransferases (Levin &
Dent, 1982), as well as further reduction by tissuerosomal enzymes; the cellular
microsomal one electron per step reduction sequactseon nitrobenzene systemically
absorbed by all routes of exposure (Figure 4B).

superoxide free radical _*

Ch
Ed
poTTTT filile feaction (forma nirobenzena) . o
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Fig. 4 (Contd). Oxidation and reduction mechanisms$or nitrobenzene.
B. Microsomal one-electron per step mechanism for nitrobenzene reduction — Note the
cellular production of reactive free radicals: supeoxide, nitroanion, hydronitroxide and
the aminocation. At fast rates of nitrobenzene catgsis, these free radicals may exceed
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the capacity of the local tissue to quench theseaetive species by spin traps. Although
all these reactions apparently are driven by microsmal P-450s, NAD(P)H pools and
perhaps mitochondrial flavins, these redox mechanimss are not well understood. The
aminocation free radical, although diagrammed herehas not been isolated and remains
a theoretical chemical supposition (Holder, 1999a).

As reported above (section 6.3.1), the anaerobietias of rat caecal nitroreductases were
measured to be 150 times faster than the hepatiostmal nitroreductase kinetics (Reddy et
al., 1976; Levin & Dent, 1982). This would suggtmstt a significant portion of nitrobenzene
reduction takes place primarily in the gut. Howeverther consideration suggests that there
are many more tissue nitroreductase sites thadmeigut and that nitrobenzene actually dwells
in tissues for longer. Thus, notwithstanding theeslation that tissue microsomal
nitroreductase rates are considerably slower thamgat bacterial rates, body tissues and
organs are likely to reduce a measurable portianmfrobenzene dose over time, although
the amount relative to that occurring in the gutngnown. It is likely that the initial systemic
exposure to nitrobenzene reduction products wousde &rom gut reduction mechanisms,
whereas later-stage exposures to reduced metabotitéd arise from tissue microsomal
metabolism, especially in the liver. The implicasoof this for nitrobenzene’s toxicokinetics
and toxicodynamics are not clear at this time f@iother discussion, see Rickert et al., 1983;
Rickert, 1984, 1987).

Microsomal oxidative metabolism of nitrobenzenejchforms various phenols, proceeds
slowly compared with thil-reduction of nitrobenzene (see section 6.3.1)t iaot only

are the bacterial gut nitroreductases faster thistesnic tissue microsomal nitroreductases (by
about 150-fold on a per gram tissue basis), micnadmitroreductases are faster than
microsomal oxidation processes for nitrobenzeneafiyut 15-fold on a per milligram
microsomal protein basis). Slow ring oxidation ncaytribute to slow overall nitrobenzene
metabolism (Levin & Dent, 1982).

Figure 4B illustrates the systemic microsomal réidegathway for nitrobenzene, with the
formation of a nitroanion free radical (Fouts & Bre, 1957). NADPH mediates the
abstraction of one electron from nitrobenzene,taecitroanion free radical forms (Mason &
Holtzman, 1975a). The nitroanion free radical gatest from nitrobenzene has a sufficiently
long half-life of 1-10 s that it can be detectedenyission of a unique ESR spectrum. The
more extended the ring aromaticity in nitroaromatmpounds, the longer the free radical
half-life that is expected. This is based on etgttr delocalization, which leads to radical
longevity. Nitroanion free radicals have sufficiéorgevity to travel and react; the longer the
residence time, the more chances they have to wetictellular macromolecules. The
presence of all four free radicals shown in FigtiBecan be detected non-destructively by
their specific ESR signal patterns (Mason & Holtam®75a; Maples et al., 1990).

Exposure to a number of nitroaromatic compoundduding nitrobenzene, increases tissue
oxygen uptake (Sealy et al., 1978). As illustrateBigure 4B, nitrobenzene is reduced by a
microsomal reductase to form the nitroanion frebaa and, instead of being further reduced,
can react with tissue oxygen to reform nitrobenzame create the superoxide free radical,
0O, (Bus & Gibson, 1982; Bus, 1983). A number of cheals undergo oxygen-related
cycling involving reduced intermediates, with ref@tion of the parent chemical (e.g.,
Klaassen, 2001). By spin-trapping with phetett-butyl nitrone, Sealy et al. (1978) showed
that the superoxide radical was produced. Masoro&zrhan (1975b) observed that the
catabolic enzymes superoxide dismutase and catadas@wer nitroaromatic-induced
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oxygen consumption. Superoxide dismutase mediadesvautation reaction of the superoxide
free radicals: 2 — O, + 2H,0," (Heukelekian & Rand, 1955; Mason & Holtzman, 1975b
Flohé et al., 1985). Catalase catalyses the ragdrdposition of hydrogen peroxide: Zb3’

— O, + 2H,0. The superoxide free radical that is generattt aftroaromatic exposure
dismutates to form oxygen and hydrogen peroxideghyhn turn, is dissociated by catalase to
form oxygen and water. Notably, both reactionsaeplsome of the nitroaromatic-induced
oxygen consumption. If significant nitrobenzene @syre takes place, nitroanion free radicals
continue to react with tissue oxygen to form acclatmg O, in what is known as a futile
loop reaction, so designated because nitrobenzecentinually reproduced and hence
futilely metabolized (Mason & Holtzman, 1975b; Seel al., 1978). Generation of reactive
radicals or oxygen species (i.e., nitroanion fisaals, superoxide anion free radical,
hydrogen peroxide) can disturb the redox balanaelis (Trush & Kensler, 1991). The
disturbance in the balance of oxygen-reactive gsemnd their expeditious elimination can
lead to oxidative stress (Gutteridge, 1995). Irtipalar, the superoxide free radical is known
to be quite reactive and toxic (Kensler et al.,2,38eher, 1993; Dreher & Junod, 1996).

The intermediates shown in Figure 4B are chemicaligtive and undergo a number of side-
reactions that are not shown, but which could rfegless be important in nitrobenzene
disposition and active metabolite formation. Nolyaran the nitroanion free radical react
with oxygen (above), but it also can self-reac idisproportionation reaction, thereby
reproducing nitrobenzene as a product plus nitr@soéne (Mason & Holtzman, 1975b;
Sealy et al., 1978; Levin et al., 1982). Again,hwitmol of nitrobenzene being reformed for
every 2 mol nitroanion free radical reacting, thisra sparing action to the completion of
nitrobenzene metabolism, just as is the case &futile loop reaction. The intermediates
nitrosobenzene and phenylhydroxylamine can undamgmndensation reaction to form
azoxybenzene: PhNO + PhNHGH PhN=N(O)Ph + HO (where Ph is the phenyl moiety)
(Pizzolatti & Yunes, 1990). The latter reactiorsigoported by acid or base catalysis in water.
It seems likely that there may be a backgroundoof@enzymatically converted PhNO to
PhN=N(O")Ph (Corbett & Chipko, 1977).

Because of the ubiquity of the redox conditionsatdg of producing nitrosobenzene and
phenylhydroxylamine in the gut and in various oggannumber of tissues can be damaged
— and, because of free radical chain reactionsnecéssarily where the free radicals are
originally produced (Holder, 1999a). A nitroxideeanmediate radical can pass off the
unpaired electron to an acceptor molecule, whichawd as a carrier. This new radical can, if
stable enough, pass the electron to yet anotheptmg and the process propagates in space
and time. A number of factors in each tissue cécathe number of free radical producers,
guenching agents and spin traps that can actlatiztes, inhibitors and carriers for free
radical transport (Stier et al., 1980; Keher, 199@tteridge, 1995; Netke et al., 1997). These
factors, in turn, may influence the toxicity prefibf nitrobenzene in different organs and
tissues.

Perfused liver studies show that added anilinepsabenzene or phenylhydroxylamine
produce only modest ESR signals. Due to ample te@uctive capability, the nitroxide
intermediates are readily reduced to aniline, legnanly small steady-state quantities of
nitrosobenzene and phenylhydroxylamine and assatfate radicals in the liver that produce
the specific signal (Kadlubar & Ziegler, 1974; Eyerl., 1980). There is suggestive evidence
of the uncoupling of liver P-450 complex if nitratzene exposure is sufficiently high (Levin
et al., 1982).
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The apparent limited role of mixed-function oxidasetabolic activities for nitrobenzene

over time may be a consequence of the uncouplinigeofytochrome P-450 complex, which
can lead to "futile redox cycling” of the nitro gq@ with the continual generation of
superoxide anions (Bus & Gibson, 1982; Levin etl#82; Bus, 1983; Rickert, 1987; see
also section 7.9.5). Because neither extrahepatal) microsomal rates nor isolated
hepatocyte microsomal metabolism appeared to leetalalccount for thm vivo level of
nitrophenol formation, it was not possible from thevin & Dent (1982) study to identify all
the subcellular sites of oxidative metabolism;itochondria might be the site of the greater
amount of nitrophenol formation, but this is unkmow

6.3.4 Metabolism in erythrocytes

Aniline formed by the reduction of nitrobenzene waginally considered to be responsible
for methaemoglobin formation following nitrobenzesmgosure. Others examined the role of
phenylhydroxylamine in causing £ehaemoglobin to be oxidized to ¥ehaemoglobin in red
blood cells (Smith et al., 1967). Later, it wasgested that oxidative damage to red cells may
arise from hydrogen peroxide formed as a resulaofo-oxidation” of quinone intermediates,
such agp-aminophenol (Kiese, 1966). This consideration tased on the fact thpt
aminophenol itself, givem vivo, produces methaemoglobin. In addition, superoiieks

radicals are generated in a futile reaction cyalend) the metabolism of nitrobenzene or other
nitroaromatic chemicals (e.g., Klaassen, 2001)ptoent nitro or nitroxide compound that
enters red blood cells is reformed in a futile vedgcle (Levin & Dent, 1982; see also section
6.3.3). In relation to the damage that superoxiderss may cause red blood cells, it is known
that superoxide dismutase and methaemoglobin raskietre essential enzymes in the oxidant
protection of erythrocytes (Luke & Betton, 1987).

Although the redox chemistry (discussed abovepdieable throughout the body, special
attention has been given to red blood cells becaigee specific redox chemistry taking
place there. In the nitrobenzene reduction sequenicesobenzene is the first stable chemical
formed, which, in turn, is reduced to phenylhydrdaxyine in red blood cells and the liver
(Eyer & Lierheimer, 1980; Eyer et al., 1980). Wiesr@henylhydroxylamine is reduced
further to aniline in the liver, it can reform rmigobenzene in red blood cells (Eyer &
Lierheimer, 1980). Both nitrosobenzene and pherdpbiylamine can produce
methaemoglobin if injecteith vivo (Kiese, 1966). Continued nitrobenzene exposurdymes
even more nitrosobenzene, which, when reduceddayhydroxylamine by NAD(P)H, can
reform nitrosobenzene, thus completing the cyciguife 5); this cycle is referred to as a
redox couple. If exposure to nitrobenzene is sigfit; nitrosobenzene and
phenylhydroxylamine can form significant catalyp@ols in erythrocytes, and the redox
cycling expends cofactor NAD(P)H and native oxydgeddnaemoglobin faster than they can
be regenerated. Because red blood cells have dimiytad capacity to reduce
methaemoglobin back to haemoglobin by methaemagl@zuctase, methaemoglobin can
accumulate. This redox couple tends to resist xpedient detoxification of nitrobenzene and
its intermediates.
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Fig. 5. Red blood cell (RBC) cycling of nitrosoberene and phenylhydroxylamine
(Holder, 1999a). The conversion of nitrosobenzene phenylhydroxylamine is driven by
the oxidation of NAD(P)H and haemoglobin-F&". Nitrosobenzene can outcompete for
oxygen on functional tetrameric haemoglobin. Not sbwn is the destabilization of
tetrameric haemoglobin to two haemoglobin dimers. Krosobenzene can also bind to
cysteine groups on functional haemoglobin, therebgenaturing the globin chain.
Functional oxyhaemoglobin is altered, and haemopathoccurs. Because of the redox
disturbances, many red blood cells are turned ovamnore rapidly in the spleen, leading to
engorgement. Glutathione can bind nitrosobenzenend the conjugate can move
systemically and regenerate nitrosobenzene elsewleeto again start up this pernicious
cycle. Other cell types are likely to regenerate trosobenzene and
phenylhydroxylamine, although these mechanisms aiess well understood. See text for
definitions.

Although Kiese (1966) and Reddy et al. (1976) shibthat nitrobenzene exposure is linked
to methaemoglobin formation, Goldstein & Ricker®8b) later showed that nitrobenzene
does not increase methaemoglobin formation wheubiaiedn vitro with Fischer-344 male
rat red blood cell suspensions. This lack of aftiwi vitro was surprising, contradicting the

in vivoresults. It was not due to a lack of nitrobenzteaesfer across red blood cell
membranes, becausé]nitrobenzene accumulated to the same extenbatiddo- andp-
dinitrobenzenes, compounds that cause methaemadhmination after being metabolized by
glutathione transferase (Rickert, 1987). Furtheembecause red blood cell uptake of
nitrobenzene was unaffected by temperature andjuiakly maximal, Goldstein & Rickert
(1985) reasoned that nitrobenzene uptake must arple partitioning, not by active
transport. Lastly, if the red blood cell membrareswimiting, then red blood cell lysates
should provide direct nitrobenzene access to oxylogéobin, yet no methaemoglobin formed
when nitrobenzene was incubated with red bloodradimolysates. Taken together, these
results are best explained by the fact that reddt®lls do not have sufficient amounts of
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microsomal P-450 and lack mitochondria; both dcelyi to be necessary to reduce significant
amounts of nitrobenzene. Goldstein & Rickert (198%&)cluded that activated nitrobenzene
intermediates are made external to red blood qaissively transfer across the red blood cell
membrane and then set up a redox cycle as outlinddnteract with oxyhaemoglobin to

form methaemoglobin.

Although red blood cells lack the microsomal andochondrial reductive capability of liver,
they can maintain stable, steady-state levelstafsobenzene and phenylhydroxylamine.
Nitrosobenzene can bind the haemoglobin haeffitfater than its normal ligand oxygen by
approximately 14-fold. Nitrosobenzene also promthesoligomeric dissociation of native
oxygen-carrying haemoglobfrHb, <+ 2Hb, (Eyer & Ascherl, 1987). This reaction in part
explains the cyanotic presentation of patients sggdo nitrobenzene by a number of routes
(e.g., Stevens, 1928; Zeligs, 1929; Zeitoun, 1%dhinante & Pasqualato, 1997). Although
nitrosobenzene participation in haemoglobin ox@hais still not fully understood, it is
known that methaemoglobin is formed when nitrosabae dissociates from haemoglobin
(Eyer & Ascherl, 1987). Furthermore, nitrosobenzese react with globin cysteine
molecules, causing protein denaturation (Kiese4L9fter sufficient nitrosobenzene and
phenylhydroxylamine recycling, red blood cell meares can destabilize, resulting in red
blood cell lysis. This is clinically referred to &hocolate blood plasma" and is associated
with haemosiderosis and toxic anaemia (Kiese, 186tth et al., 1967; Goldstein & Rickert,
1985). Cellular deposits result from erythrocytstdéection; erythrocyte debris is apparent in
the spleen, but other organs are also affected.

Using ESR spin trapping techniques, Maples etl@90Q) studied tha vitro andin vivo
formation of 5,5-dimethyl-1-pyrrolin&-oxide (DMPQO)/haemoglobin thiyl or
DMPO/glutathiyl free radical adducts in red bloadl€ and blood of male Sprague-Dawley
rats and humans. They investigated whether fradealzdvere actually involved in red blood
cells. Spin trap results indicated that anilineemfihydroxylamine, nitrosobenzene and
nitrobenzene can all be metabolizedivoto yield a common metabolite, which could
trapped by DMPO. Their ESR data show that the commetabolite is the
phenylhydronitroxide radical. Maples et al. (1990¥ktulated that free radicals within red
blood cells are responsible for the oxidation adltgroups. Nitrosobenzene reversibly reacts
with glutathione (GSH) to form the GS—nitrosobereeanjugate. Glutathione conjugates can
be transported systemically and, under some caemditican deconjugate at distal organ sites
(Klaassen, 2001). GS—nitrosobenzene can reactlaw$o (1) with haemoglobin oxygen to
form sulfhaemoglobin; (2) with another moleculeG$H to form GSSG (oxidized dimer) and
phenylhydroxylamine (Eyer, 1979); or (3) by reagament to form glutathione sulfinamide
(GSO-aniline) and then be reduced to aniline (Bykrerheimer, 1980). The latter two
reactions are shown in Figure 5. The third reacsiequence is thought to be a major pathway
for conversion of nitrosobenzene to aniline (Eyeki&heimer, 1980). Extensive
nitrobenzene exposure, leading to correspondingnsive glutathione conjugation, can
deplete cellular glutathione supplies over time.

Phenylhydroxylamine can react with oxyhaemoglobifotm the reactive
phenylhydronitroxide free radical, which can theaat with glutathione to form the thiyl free
radical (GS-), a radical found vivo andin vitro (Maples et al., 1990). The glutathiyl radical
can pass its unpaired electron to various nattapping molecules (e.g., ascorbatipha
tocopherol), certain unsaturated fatty acids ahératellular components (Keher, 1993;
Gutteridge, 1995). The range of activities depasmdthe amounts and stabilities of the free
radical intermediates.
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Catalase is a catabolic enzyme that catalysesafhé decomposition of hydrogen peroxide in
red blood cells; following the absorption of nitestzene, catalase activity is inhibited
(Goldstein & Popovici, 1960). Catalase has beeorted to be inhibited by very low
concentrations of the nitrobenzene metabolites yhgdroxylamine angb-aminophenol (De
Bruin, 1976). With respect to scavenging of peresith biological systems, there are several
glutathione peroxidases that can scavenge hydmpgrexide, as well as certain organic
peroxides. In am vitro test system, 20-200 times the amount of hydrogeoxpde was
necessary to produce methaemoglobin in normal lemtlzell suspensions (i.e., with
catalase) than in red blood cells in which cataleas lacking; inhibition of catalase in red
blood cells by nitrobenzene may contribute to @gepcy as a methaemoglobin producer (De
Bruin, 1976).

6.4 Elimination and excretion

6.4.1 Oral exposure

The major route of excretion after oral exposureitmbenzene is the urine. After a single
oral administration via gavage of 25 mgd]nitrobenzene/kg of body weight to rats, 50% of
the nitrobenzene dose appeared in the urine wadin, and 65% after 7 days. Excretion in
the faeces within 7 days was 15.5%. Thus, about &te dose could be accounted for in
the excreta in this study (Albrecht & Neumann, 19&xcretion via urine and faeces was
ostensibly complete after 3 days.

In rats (Fischer-344 and Sprague-Dawley straingrgsingle oral doses of 22.5 or 225 mg
[1*C]nitrobenzene/kg of body weight, approximately 2% of the administered dose was
recovered in 72 h, of which about 80% was in u(Riekert et al., 1983). (Equivalent results
to those after oral dosing were obtained afteaperitoneal dosing of Fischer-344 rats with
225 mg/kg of body weight.) For the metabolite pattsee section 6.3.1.

In rabbits given a single dose 6f¢]nitrobenzene by gavage, 70% of the radioactiviag
eliminated from the animals in expired air, urimel daeces within 4-5 days after dosing. The
remainder of the radioactivity was found to be djoexcreted in urine and possibly in
expired air (as carbon dioxide). Details of theabetic profile of excreted radioactivity are
given in section 6.3.1.

In cases of human poisoning, metabolites identifietthe urine have begmaminophenol and
p-nitrophenol (Von Oettingen, 1941; Ikeda & Kita,6¥9 Myslak et al., 1971).

Following the oral intake of a single dose of 30 imitgobenzene in one volunteer, urinary
excretion ofp-nitrophenol occurred slowly. The initial half-tinoé elimination ofp-
nitrophenol was around 5 h, with a late-phase thaé of >20 h (estimated from a figure).
Since the intake of a 5-mg oral dosepafitrophenol by the same subject led to the vepydra
urinary excretion op-nitrophenol (all eliminated by 8 h), it appearstthee slow excretion of
p-nitrophenol after dosing with nitrobenzene is tluehibition of metabolism at the higher
dose (Piotrowski, 1967).

An examination of human poisoning cases (sectitriBdid not provide any useful
information about the rate of nitrobenzene elimorgtreports of accidental or intentional
ingestion indicated that recovery took from "seVdegys" (after ingestion of about 7 ml) to
>40 days (after ingestion of about 40 ml).
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6.4.2 Dermal exposure

Following exposure to nitrobenzene vapours (withobalation exposure), a proportion of
nitrobenzene (quantity not reported) absorbed tindbe skin was excreted in the urine of
volunteers ag-nitrophenol (Piotrowski, 1967).

6.4.3 Inhalation exposure

Urinary excretion op-nitrophenol was found in seven volunteers whoihadled 5-30 mg
nitrobenzene/fhfor 6 h (Salmowa et al., 1963). The rate of urynelimination showed
considerable interindividual variation but was laflyadose dependent. In general, excretion
was most rapid during the first 2 h and then lecebff. The elimination gb-nitrophenol in
urine had estimated (from a figure) half-lives bbat 5 and >70 h. In some casgs,
nitrophenol could be detected for as long as 18fidr exposure. In a 47-year-old woman
who had been occupationally exposed to nitrobenfarnE/ months, sufficient to cause
symptoms of toxicityp-nitrophenol angb-aminophenol were found in the urine, gradually
being eliminated over 2 weeks; levelspehitrophenol were between 1 and 2 times higher
than levels op-aminophenol (lkeda & Kita, 1964). In four men egpd to nitrobenzene at

10 mg/n? by the inhalational route (using a system desigonezkclude dermal absorption of
nitrobenzene vapour) for 6 h per day over a nurobdays (absorbed amounts ranged
between 18.2 and 24.7 mg per daily exposure), anwalae of 16% of the absorbed dose was
excreted in the urine gsnitrophenol (Piotrowski, 1967), a value in cloggesement with an
earlier value of 13%, obtained after single expesiBalmowa et al., 1963). The half-time of
elimination ofp-nitrophenol was not estimated, but excretion vadlswed for 3 days after
exposure ceased.

An examination of several literature cases of paisg of children from overnight
inhalational exposure to nitrobenzene (sectior88did not provide any useful information
about the rate of elimination of nitrobenzene, mpwnly that recovery from clinical signs
took from 4 to 8 days.

6.5 Retention and turnover

6.5.1 Protein bindingin vitro

The binding of f*C]nitrobenzene to plasma of rainbow tro@ngorhynchus mykisand
Sprague-Dawley rats was determimeditro using a centrifugal microfiltration system to
separate bound from free label, following equililoni binding (Schmieder & Henry, 1988).
Nitrobenzene was 79.4% bound to trout plasma a#6l f@und to rat plasma.

6.5.2 Body burden and (critical) organ burden

A study by Freitag et al. (1982) indicated thatembdministration of three daily oral doses of
nitrobenzene to rats, there was no evidence offgignt retention of nitrobenzene or its
metabolites in the body (see also section 6.2elersl other toxicokinetic studies (see
section 6.4) suggest that after single oral daseats, between about 81% and 88% of the
dose was recovered in urine and faeces.

6.6 Reaction with body components
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The covalent binding of-fC]nitrobenzene was investigated in erythrocytessmtelens of
male B6C3kF mice and male Fischer-344 rats following singla dioses (Goldstein &
Rickert, 1984). Total and covalently boul& concentrations in erythrocytes were 6-13
times greater in rats than in mice following adrsiration at doses of 75, 150, 200 and 300
mg/kg of body weight. Covalently bounitC in erythrocytes peaked at 24 h in rats after 200
mg/kg of body weight, whereas the low level of bingdplateaued in mice at 10 h. Gel
filtration and polyacrylamide gel electrophoressealed that haemoglobin was the primary,
if not exclusive, site of macromolecular covalemding. Splenic engorgement increased in a
time-related manner after nitrobenzene dosingtsmyat not in mice; covalent binding of
nitrobenzene and its metabolites in spleen wasasiiyrderived from bound*C from
scavenged erythrocytes. The peak of splenic binaififC in rats occurred between 24 and
48 h, whereas levels of splenic binding in miceemezry low, being about one-fifteenth of
those in rats. It appears that the degree of exgitic damage in mice is not sufficient to
elicit splenic scavenging and clearance from trstesyic circulation. Thus, the species
difference in splenic engorgement and splenic acdaton of nitrobenzene is likely to be
related to differences in susceptibility to nitrakene-induced red blood cell damage, which
in turn may be related to the species differenadistribution of nitrobenzene or its
metabolites to the erythrocytes.

To establish haemoglobin adduct formation as aiplessieans of biological exposure
monitoring, Albrecht & Neumann (1985) used GC mdthto determine aniline in the
hydrolysates of haemoglobin from rats orally do2éd previously with unlabelled aniline
hydrochloride or nitrobenzene. The binding indift@sunlabelled nitrobenzene were very
similar to those obtained in experiments usingllebenitrobenzene, with the binding index
after aniline dosing being about one-quarter tftat aitrobenzene dosing. Results suggested
that 4-5 times as much nitrosobenzene is formad frilrobenzene as from an equal amount
of aniline (see section 6.7).

The haemoglobin binding of five nitroarenes — irgtrobenzene, 4-nitrobiphenyl, 1-
nitropyrene, 2-nitronaphthalene and 2-nitrofluorep@nd their corresponding amines,
administered orally to male SD rats, was determimeHPLC to evaluate the extentiaf

vivo reductive and oxidative activations of these conmais toN-hydroxylamines, which
covalently bind to haemoglobin to form acid-lalsldfinamides (Suzuki et al., 1989). Except
for nitrobenzene, haemoglobin binding of the nitemees was significantly lower than that of
the corresponding amines. Haemoglobin binding wbbhenzene and 4-nitrobiphenyl
decreased markedly after pretreatment with antdspindicating that the reductive activation
of nitrobenzene and 4-nitrobiphenyl is largely degent upon metabolism by intestinal
microflora; the binding of the other compounds ahdniline did not decrease appreciably
(Suzuki et al., 1989).

A series of 21 nitroarenes, including nitrobenzeves given to female Wistar rats by gavage
(0.1 ml of 0.5 mol/litre solutions per 100 g of lyodeight), and blood samples were taken by
heart puncture 24 h later. Hydrolysable haemoglabitucts were determined by GC/MS
(Sabbioni, 1994). Nitrobenzene formed adducts Watemoglobin, findings in agreement with
those of Suzuki et al. (1989). It was concluded, tecept for a few outliers, the extent of
haemoglobin binding increases with the reducibibtyhe nitro group.

Haemoglobin, either in the intact red blood cellshchaemolysates, readily reacts with

mono- and dinitrobenzoates (Norambuena et al., 199 measured reactivity in oxidizing
haemoglobin inn vitro erythrocyte suspensions followed the onaemitrobenzoic acid > 3,5-
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dinitrobenzoic acid 3-nitrobenzoic acid ®-nitrobenzoic acid >> nitrobenzene. The rate of
the process was faster in haemolysates than inewkdlblood cells. At low concentrations of
nitroaromatics (<8 mmol/litre), almost quantitatimeduction of methaemoglobin was
observed; at higher concentrations, however, thetikis became complex, and other
haemoglobin derivatives were produced (Norambuénh,e1994).

6.7 Biomarkers of exposure

The presence of methaemoglobinaemia can indicatesexe to nitrobenzene. However, this
condition in itself cannot be used as a specifertarker of exposure to nitrobenzene, since
other toxic substances can also have the same.e3fetlarly, other measures of toxic
damage to haemoglobin can be used, including timedfiton of haemichromes and Heinz
bodies, as well as erythrocytic levels of redudeiaghione (Luke & Betton, 1987); as noted,
however, such end-points are common to other dingschemicals that oxidize the haem
iron of oxyhaemoglobin to form methaemoglobin.

The presence gd-aminophenol in the urine can be detected at lagbl$é of exposure, but it
is undetectable at low levels of exposure thatareidered to be "safe" (Ikeda & Kita, 1964;
Piotrowski, 1967). Piotrowski (1967) suggested tirataryp-nitrophenol can be used as a
test of nitrobenzene exposure that appears toghdytspecific in practice; if the daily
exposure is essentially constant (e.g., in an caoupal setting), a good estimate of the mean
daily intake can be calculated from data obtaingthking urine specimens on each of the
last 3 days of the working week. However, it shdagdhoted that this compound is also a
biomarker of exposure to the insecticide paratlfiidenga et al., 1995). Estimates of
nitrobenzene intake following single exposures halge been made (Salmowa et al., 1963).
Harmer et al. (1989) measurpahitrophenol in the urine of workers exposed toalienzene

in the air, suggesting that it was a suitable indieexposure to nitrobenzene; aminophenols
that can occur at higher levels of nitrobenzenesype can be found in urine from
physiological and other sources.

The nitrobenzene metabolites nitrosobenzene anakyldminobenzene have been found to
produce methaemoglobinaemia, @ from labelled nitrobenzene (or its metabolitss) i
covalently bound to haemoglobin in the blood oflgraxposed mice and rats (Goldstein et
al., 1983a; Goldstein & Rickert, 1984); the pregeotthese haemoglobin adducts may serve
as a biomarker of exposure, although they arecditfio quantify, and assays are expensive.
Albrecht & Neumann (1985) concluded that the debeation of aniline by GC after
hydrolysis of haemoglobin adducts could be develagmea means of biological exposure
monitoring for nitrobenzene; they were able to datee the aniline cleavage product in the
nanogram range (10 pg absolute), suggesting teah#dthod has high sensitivity. A further
advantage of this measure over measurement of ematiglobin was the relative stability of
the haemoglobin adducts over time. Thus, the meth@yl provide a means to estimate
cumulative exposure over weeks or some months.p@otdem may be that human
haemoglobin may form adducts with nitrosobenzesg éxtensively than rat haemoglobin; in
anin vitro study in which rat and human erythrocytes werelwated with 0.37 mmol
nitrosobenzenel/litre, rat haemoglobin containedtBrés as much adduct as the human
haemoglobin. Measurement of haemoglobin adduetsasthought to predict the
macromolecular damage that leads to critical toxici other potential target tissues
(Neumann, 1988). As the metabolism that predisptheebinding may vary individually, the
method has the potential to take account of indi@icdusceptibility.
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/. EFFECTS ON LABORATORY MAMMALS AND IN
VITRO TEST SYSTEMS

7.1 Single exposure

7.1.1 Oral

The oral administration of 4 ml (4.8 g) of nitrolzeme was reported to be almost instantly
fatal to young rabbits, whereas cats died aften Bllowing administration of 2 ml (2.4 g) of
nitrobenzene. The minimal fatal dose in dogs watedtto be 750-1000 mg/kg of body
weight by the oral route (Von Oettingen, 1941).

Sziza & Magos (1959) reported an oralggin female white rats (170—-200 g of body weight;
strain not stated) of 640 mg/kg of body weight (adstered in 10% gum arabic in water); at
this dose, the percentage of methaemoglobin iblthed was 11%, 19% and 28% at 0.5, 1
and 2 h after dosing, respectively. TheshIdr rats has been reported as 600 mg/kg of body
weight (Smyth et al., 1969).

In female giant chinchilla rabbits given gavageedosf nitrobenzene in water, doses leading
to death ranged between 180 and 370 mg/kg of baughts above 200 mg/kg of body
weight, at least 50% of the animals died. The tibxiwas not immediately apparent. At doses
of the order of 250 mg/kg of body weight, deathuroed between 2 and 6 days after dosing.
At doses above 300 mg/kg of body weight, death iweduwithin 24 h (Robinson et al.,

1951).

Morgan et al. (1985) administered a single orakdafsnitrobenzene at 550 mg/kg of body
weight to male Fischer-344 rats. Within 24 h, rase lethargic and ataxic; within 36—48 h,
they displayed moderate to severe ataxia and kasghiing reflex and no longer responded
to external stimuli. By 48 h, petechial haemorrisagrere observed in the brain stem and
cerebellum and bilaterally symmetric degeneratraalécia) in the cerebellum and cerebellar
peduncles. Tracer studies indicated that a veryl jmacentage of nitrobenzene reached the
brain, and it was present as parent compoundcitraalated at a higher concentration in grey
than in white matter, but there was no preferemtt@umulation in areas where lesions
occurred.

Bond et al. (1981) exposed Fischer-344 rats (sibesn@er group) to single oral doses of
nitrobenzene of 50, 75, 110, 165, 200, 300 or 45kgof body weight; three rats per group
were sacrificed 2 and 5 days later. Histopathoklgtbanges consistently involved the liver
and testes. Centrilobular hepatocytic necrosis aggein rats 2 or 5 days after administration
of >200 mg/kg of body weight, whereas hepatocellulaienlar enlargement was detected at
>110 mg/kg of body weight. Necrosis of spermatogeeits as well as multinucleated giant
cells were seen between 1 and 4 days after adnaitnest of 300 mg/kg of body weight or
more. Necrotic debris and decreased numbers offgtezoa in the epididymis were
observed after 5 days at 300 mg/kg of body weightlzetween 2 and 5 days at 450 mg/kg of
body weight. One high-dose rat had a microscopiebsdlar lesion. The above findings were
not ascribed by the authors to methaemoglobinaesimee sodium nitrite, which produces an
equivalent haematological effect, did not produtg @f these histopathological changes.
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7.1.2 Dermal

Shimkin (1939) reported that the minimal fatal datishose in mice was about 0.4 ml/kg of
body weight (480 mg/kg of body weight). Neat niteolzene was painted onto the shaved
abdomens of female C3H mice over less than 10%eobody surface area. Fifteen of 18
collapsed within 1 h, but all recovered by 24 hrefeat application led to the death of 3 of 18
on day 3, whereas a third application led to thetldef a further 9 within 48 h. Ten strain-A
mice were painted "vigorously" over the unshavedboaten for about 20 s. All were in partial
collapse within 30 min, and 8 of 10 died betwednahd 3 days. After high dermal or
subcutaneous doses, the mice were prostrate vd€hmin and lay either motionless or with
occasional twitching movements. Some recoveredgwdthers died. By 3 h, the white blood
cell count had dropped significantly from 11 000-0D9/mn7 to 5000/mm (mnT = pl), with

a normal differential count; the red blood cell cbwas not affected. At 21 h, the white blood
cell count was 1000—1500/mirar lower, with some reduction in red blood cellinband
evidence of hypochromia and haemolysis. Necropwlirigs included chocolate-coloured
blood, dark grey-blue skin, orange urine with aafienzene odour and livers that were white
and soft; other organs (not stated whether thisided the brain) were grossly normal. Outer
portions of the liver lobules showed diffuse ne@pkepatocyte cell cytoplasm was pale and
granular, and many nuclei were not visible. Kupftfelis had large amounts of dark brownish
pigment. Kidneys showed slight swelling of the géadi and tubular epithelium. The spleen,
lung and testis were morphologically normal.

After administration of the high dermal doses sigifnt to prostrate the female C3H mice
within 30 min, the blood became chocolate coloued more viscous at 1-3 h after
exposure, and the skin developed a dark grey-hlee $pectral analysis of the blood revealed
methaemoglobin (Shimkin, 1939).

In female white rats (170-210 g of body weightaistmot stated), Sziza & Magos (1959)
determined the acute dermal toxicity of nitroberez@rDsg) to be 2100 mg/kg of body
weight. At the dermal LB, the percentage of methaemoglobin in the blood1886, 25%

and 35% at 0.5, 1 and 2 h, respectively. At gressaopsy, organs were hyperaemic, and the
liver was strongly reddish-brown in colour. Histtip@logy revealed hyperaemia and
degeneration of the parenchymal organs, and mdnkedroplet fatty degeneration of the
liver and kidneys was noted. For comparison, theeagral LB in these experiments was
640 mg/kg of body weight.

Nitrobenzene at doses of 560, 760 or 800 mg/kgpdi/lweight was applied to the clipped
trunks of New Zealand albino rabbits (five per giptor 24 h. Methaemoglobinaemia was
seen in less than 20 min at all doses. At the logedthere were no mortalities, but persistent
lethargy and discoloration of skin and eyes wergaeagnt. At the middle and high doses, 80%
mortality was observed within 48-96 h and 24—4&kbpectively. The LB was

approximated at 760 mg/kg of body weight (HartoR&wl, 1976).

7.1.3 Inhalation

In an inhalation study, groups of 12 male or fen&beague-Dawley rats were exposed to an
atmosphere saturated with nitrobenzene vapour twr73h. None of the 12 rats died during 3
h of exposure or within the postexposure periotidtiays, but 3 of 12 rats died after 7 h of
exposure (BASF, 1977).
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7.1.4 Intraperitoneal

In female white rats (170-210 g of body weightaistmot stated), Sziza & Magos (1959)
determined the acute intraperitoneal toxicity afabenzene (LB) to be 640 mg/kg of body
weight, equivalent to the acute oral 4DHistopathology revealed hyperaemia and
degeneration of the parenchymal organs and mamkedifoplet fatty degeneration of the
liver and kidneys. At a dose of 640 mg/kg of bodigit, equivalent to the Ldg the
percentage of methaemoglobin in the blood was 303 and 33.5% at 0.5, 1 and 2 h,
respectively.

7.2 Short-term exposure

Most repeated-dose studies have concentrated draemebglobinaemia and its consequences
on blood elements, spleen and liver. These findargsdescribed in section 7.7. Findings on
reproductive function are described in section 7.5.

7.2.1 Oral

A 28-day repeated-dose gavage study with nitrobenzes performed in male and female
Fischer-344 rats (six per sex per group) at dokBs® 25 and 125 mg/kg of body weight per
day (Shimo et al., 1994). An additional two grogpsanimals exposed to 0 or 125 mg/kg of
body weight per day were kept for a 2-week recoypenyod. One female in the 125 mg/kg of
body weight per day group died on day 27. Decreas®eement, pale skin, gait

abnormalities and decreases in body weights or lacdght gains were seen at the high dose.
Increases of total cholesterol and albumin andedsas in blood urea nitrogen were seen at
the middle and high doses, and increases of aldghabulin ratio in both sexes and alanine
aminotransferase, alkaline phosphatase and taitdiprwere observed in females in the high-
dose group. Increases in weights of the liver,espknd kidney and decreases in the weights
of the testis and thymus were seen at the high. dioseased liver weights were also seen in
low-dose males, whereas increased spleen weighiessgen in both sexes at the middle dose.
Histopathology revealed spongiotic changes and braigmentation in the perivascular
region of the cerebellum, degeneration of semiadsrtubular epithelium and atrophy of
seminiferous tubules at 125 mg/kg of body weightdag/. The above findings disappeared or
tended to decrease during or at the end of theveegeriod. No no-observed-effect level
(NOEL) was established in this study (Shimo etX894).

In a range-finding US National Toxicology PrograNTP) study, nitrobenzene was
administered to B6C3Fmice and Fischer-344 rats (both sexes) by gaviagesas in the
range 37.5—-600 mg/kg of body weight per day fodays (NTP, 1983a). All rats and mice at
the high dose of 600 mg/kg of body weight per dag all rats at 300 mg/kg of body weight
per day died or were sacrificed in a moribund cbodiprior to the end of treatment. Treated
animals were inactive, ataxic, prostrate, cyanatid dyspnoeic. Significant depression of
weight gain (>10%) was seen in male mice at 37.&ggf body weight per day and in mice
of both sexes at 75 mg/kg of body weight per dagtdtbgically, mice and rats showed
changes in the brain, liver, lung, kidney and splee

In an NTP study, nitrobenzene was administeredo@3, mice (10 per sex per group) by

gavage at doses of 0, 18.75, 37.5, 75, 150 or 3§Rgrof body weight per day for 13 weeks
(NTP, 1983a). Mean final body weights were not@td. Three high-dose males died or
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were sacrificed moribund in weeks 4 and 5. Clingighs included ataxia, lethargy, dyspnoea,
convulsions, irritability and rapid head-bobbingwyements. Liver weight in treated mice was
increased compared with controls; the increasestadsstically significant at the two highest
doses in males and at all doses in females. Fa#izge was reported in the X-zone
(basophilic cells that surround the medulla aroli@dlays of age, then gradually disappear as
mice mature) of the adrenal glands of 8 of 10 lhigke female mice. One high-dose male had
acute necrosis in the area of the vestibular nsalethe brain. No NOEL could be derived
from this study.

Nitrobenzene was administered to Fischer-344 fiftp€r sex per group) by gavage (in corn
oil) at doses of 0, 9.375, 18.75, 37.5, 75 or 190k of body weight per day for 13 weeks
(NTP, 1983a). Mean final body weights were notetd. Seven high-dose male rats died,
and 2 of 10 were sacrificed moribund during wedksll and 13. One high-dose female died
and two were sacrificed during weeks 6, 7 and Bi€l signs included ataxia, left head tilt,
lethargy, trembling, circling and dyspnoea, as \asltyanosis of the extremities in the two
highest dose groups in both sexes.

Brain lesions were found in 8 of 10 males and I(females at 150 mg/kg of body weight
per day; the lesions appeared to be localizedarbthin stem to areas of the facial, olivary
and vestibular nuclei and to cerebellar nuclei mrmdbably correlate with the clinical findings
of head tilt, ataxia, trembling and circling. Théssions were characterized by demyelination,
loss of neurons, varying degrees of gliosis, haemage, occasional neutrophil infiltration
and, occasionally, the presence of haemosideritagong macrophages. Brain vascular
lesions (as described in the rat dermal studysseton 7.2.2 below) were not observed in
this gavage study.

In an immunotoxicology study (see section 7.8),rBuet al. (1994) dosed female B6G3F
mice with 0, 30, 100 or 300 mg nitrobenzene/kgadyoweight per day in corn oil by gavage
for 14 days, with necropsy on day 15; the high deas close to a maximum tolerated dose
(MTD), with 8.5% of animals dying during the exposperiod. There was a slight dose-
related increase in body weight that was statibyisegnificant at the high dose. Liver and
spleen appeared to be the primary target orgartexanity, with dose-dependent increases in
weight (significant only at the two highest dos&)se-related increases in alanine
aminotransferase and aspartate aminotransferasginalaat the low dose, were suggestive of
liver toxicity, whereas gross histopathology reeeamild hydropic degeneration around focal
central veins in the liver (high dose only).

Using the OECD Combined Repeat Dose and Reproduddevelopmental Toxicity
Screening (ReproTox) test protocol, nitrobenzeng ggen by gavage to Sprague-Dawley
rats (10 per sex per group) at 0, 20, 60 or 10kggf body weight throughout premating (14
days), mating (14 days), gestation (22 days) actdtian (4 days); females and pups were
necropsied at this stage, while surviving malesavkdited at day 41 or 42 (Mitsumori et al.,
1994). At 100 mg/kg of body weight, animals exteldipiloerection, salivation, emaciation
and anaemia from day 13. Additionally, some anirealsibited neurological signs, with
deaths of two males and nine females. High-doseasishowed reduced food consumption
a week or so after dosing, and body weight gainsigisficantly depressed during the study.
Six mid-dose females showed anaemia, with neurcédgigns in one and, during the
lactation period, reduced food consumption and welight gain. Blood biochemical
changes indicative of liver toxicity were reportétcreased absolute and relative organ
weights of liver and spleen were seen in treatel@snamaller increases were seen in the
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absolute and relative kidney weights of mid- arghkilose males. Neuronal necrosis and
gliosis were observed in certain nuclei in the beliar medulla and pons in mid- and high-
dose males (respective incidence of 3/10 and 1€stpared with 0/10 for controls and low-
dose rats).

7.2.2 Dermal

Dermal applications of nitrobenzene by skin paip{idose not stated) to female C3H or male
strain-A mice resulted in methaemoglobinaemia lyadter application and the death of 12 of
18 and 8 of 10 animals, respectively. Although twohree applications were required for the
C3H mice, most animals were in partial collapsénmitl5 min and dead by the third day.
Most of the strain-A mice were dead within thetfotay. The liver was reported to be the
most severely affected organ, with a diffuse nasrsthe outer two-thirds of the lobules.
Histopathological examination of the kidneys nageslight swelling of the glomeruli and
tubular epithelium (Shimkin, 1939).

A study by Matsumaru & Yoshida (1959), mainly ainadnvestigating the possible
synergism between alcohol intake and nitrobenzeisoping, included a group of five

rabbits (strain not stated) that were dermallyt&@avith nitrobenzene (dose not stated;
possibly 0.1 ml per day) at intervals of 3 days §6-63 days), 7 days (for 22 days) or 27-32
days (for 116 days). Reported findings included wefined, round vacuoles in the medulla
of the brain, congestion, oedema, emphysema afettsis in the lungs, some congestion
and swelling in the liver (with several animals wirtg hepatocellular degeneration) and
kidney congestion.

In a range-finding NTP study, nitrobenzene was astered to B6C3Fmice and Fischer-
344 rats (both sexes) by skin painting at doséisdrrange 200—3200 mg/kg of body weight
per day for 14 days (NTP, 1983b). All rats and natéhe 1600 and 3200 mg/kg of body
weight per day doses died or were sacrificed moudlqerior to the end of treatment. Treated
animals were inactive, ataxic, prostrate and dysmn&ignificant depression of weight gain
(>10%) was seen in mice from all dose groups. Hbgioally, mice and rats showed changes
in the brain, liver, spleen and testes, with messlaffected than rats.

In an NTP study, nitrobenzene was administeredo@3, mice (10 per sex per group) by
skin painting (in acetone vehicle) at 0, 50, 101,200 or 800 mg/kg of body weight per day
for 13 weeks (NTP, 1983b); the chemical was appbea shaved area of the skin in the
intercapsular region. Mean final body weights waoesignificantly affected. Six high-dose
males were sacrificed moribund, and three died éetvweeks 3 and 10; seven high-dose
females were sacrificed moribund, and one high-fes®le and one female of the 100
mg/kg of body weight per day group died betweenksezand 9. Clinical signs in some
animals at the high dose included inactivity, legnio one side, circling, dyspnoea,
prostration and, in one, head tilt, whereas a nurobdosed females had extremities cold to
the touch. One high-dose female exhibited trenmamd,two were insensitive to painful
stimuli. Inflammation of the skin (diffuse or focahd of minimal to mild severity) was seen
at the site of nitrobenzene application at the ingiest doses; inflammatory cells were
present in the dermis, with varying degrees of imement of the subcutaneous tissue. There
was acanthosis and hyperkeratosis of the epidewitls,occasional thick crusts of necrotic
cells or focal areas of necrosis extending deepthn epidermis. Liver weights in treated
male mice from the 400 mg/kg of body weight per degup and females from the 400 and
800 mg/kg of body weight per day groups were sigaiftly increased compared with
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controls. At the high dose, a number of peripdnggatocytes were smaller than those in
control livers and in treated mice, and there wast&ceable variation in the size of
hepatocyte nuclei, especially in the centrilobalane. The cytoplasm of hepatocytes in many
treated mice had a homogeneous eosinophilic appesrevhereas that in controls had a
vacuolated appearance characteristic of glycogatagung cells. While degeneration of the
"X" zone of the adrenal glands (the zone of caliseent to the medulla) in female mice was
noted, the degree of vacuolation in treated animatsreported to be greater than normally
seen in controls. Brain lesions were found in 2@imales and 3 of 10 females at 800 mg/kg
of body weight per day; the lesions appeared tlotaized in the brain stem in the area of
the vestibular nucleus and/or cerebellar nucleg loigh-dose female had a mild bilateral
lesion in a nucleus of the ventrolateral thalan$ugh lesions were probably responsible for
the clinical behavioural findings of head tilt, g to one side and circling. Brain vascular
lesions (as described in the rat dermal studybsé®v) were not observed in this mouse
dermal study.

No clear NOEL was established in this study, wité following findings (among others)
noted at the lowest dose of 50 mg/kg of body wejgntday: lung congestion, adrenal
cortical fatty change and variation in the sizéepatic nuclei, especially the centrilobular
zone.

Nitrobenzene was administered to Fischer-344 fi#tper sex per group) by skin painting (in
acetone vehicle) at 0, 50, 100, 200, 400 or 80kggf body weight per day for 13 weeks
(NTP, 1983b); the chemical was applied to a shaved of the skin in the intercapsular
region. Mean final body weights were not signifitgaffected; the body weights in the high-
dose group were not analysed due to a high incalehearly deaths. Seven high-dose male
rats died and 3 of 10 were sacrificed moribund keetwweeks 4 and 10; five high-dose
females died and five were sacrificed between w@eksd 12. Clinical signs in high-dose
males included ataxia, head tilt, lethargy, tremdplicircling, dyspnoea, forelimb paresis,
splayed hindlimbs, diminished pain response andaed righting response. Except for
dyspnoea in a few females, the other clinical sigase not noted in female$§he extremities
of a number of rats (both sexes) were cold todlielt and/or cyanotic. Brain lesions were
found in both sexes at 800 mg/kg of body weightdaer, the lesions appeared to be localized
in the brain stem to areas of the facial, olivamg &estibular nuclei and to cerebellar nuclei
and probably correlate with the clinical behaviddiradings. These lesions were
characterized by demyelination, loss of neuronsying degrees of gliosis, haemorrhage,
fibrin in and around small vessels and occasioapillary proliferation. The brain vascular
lesions were characterized by fibrin in and aroueskel walls; red blood cells within
macrophages at the site of haemorrhage indicattdrté effect was real, not an agonal
change or secondary to tissue mishandling at saerPerivascular haemosiderin-containing
macrophages were occasionally observed. Brain l&adesions as described in this dermal
study were not observed in the Fischer-344 ratgmagtudy (see section 7.2.1) or in the
B6C3R mouse dermal study (see above).

No clear NOEL was established in this study, witihgg congestion and fatty change in the
adrenal cortex (in addition to the haematologisalihgs described in section 7.7) noted at
the lowest dose of 50 mg/kg of body weight per day.

7.2.3 Inhalation
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In a Chemical Industry Institute of Toxicology (T)Istudy, Medinsky & Irons (1985)
exposed 8- to 9-week-old Fischer-344 rats, Sprédaweley (CD) rats and B6C3knice (10

per sex per dose) to nitrobenzene at concentratibagproximately 0, 51, 180 or 640 md/m
(O, 10, 35 or 125 ppm) via inhalation for 6 h payds days per week, for 2 weeks. At an
exposure level of 640 mg nitrobenzen&/there were severe clinical signs and a 40% fate o
lethality in Sprague-Dawley rats after the fourtty @nd morbidity of all B6C3Fnice,
necessitating their early sacrifice; surviving Spura-Dawley rats, exhibiting rapid shallow
breathing, wheezing and orange urogenital stainugge sacrificed at the end of the first
week. In contrast, Fischer rats tolerated thislleue2 weeks without any adverse clinical
signs. Significant concentration-dependent increaseelative liver, spleen and kidney
weights were reported, primarily in Fischer ragdative spleen weights were increased as
much as 3 times those of control in Fischer ratbva@re still greater than controls in recovery
animals (i = 5) at 14 days after exposure. Kidney and liveights had recovered by day 14,
but not by day 3, after exposure.

In another CIIT study (Hamm, 1984; Hamm et al.,A)9&ischer-344 rats, Sprague-Dawley
(CD) rats and B6C3Fmice (10 per sex per dose per species or stratiweeks old at the
start of exposure) were exposed to nitrobenzeneuwragncentrations of 0, 26, 82 and

260 mg/n (0, 5, 16 and 50 ppm) for 6 h per day, 5 daysyesk, for 90 days. There was no
effect on body weight gain or mortality. Spleen #imdr weights were increased at 260
mg/nT in mice and rats and in the rat strains only atr8n?. Kidney weights were
incrreT;eglsed at 260 mg/in male CD rats. Both rat strains had reducedctdsar weights at 260
mg/nt’.

A variety of histopathological findings reportedtire two inhalation studies are outlined
below.

Liver lesions reported in the 2-week study (Medin&kirons, 1985) included centrilobular
necrosis and severe hydropic degeneration in B@&8ge at 640 mg/f hepatocyte necrosis
in male CD rats at 180 mgmnd sinusoidal congestion, centrilobular hydrafigeneration
and basophilic hepatocyte degeneration in peripareas at 640 mg/hin rats that died

early. Although Fischer-344 rats showed dose-rdlatereases in relative liver weights, there
were no significant histological findings. In th@-8ay study, hepatocyte hyperplasia and
multinucleated hepatocytes, which were more sewvengales, were reported in B6G3fice
exposed at 82 mgfnCD rats had primarily a centrilobular hepatodygeertrophy, with
some cells containing enlarged nucleoli (82 and2§Mn?), increased cytoplasmic
basophilia in periportal hepatocytes and microgi@nas (all exposure levels). Fischer-344
rats exhibited centrilobular necrosis and disorgation of hepatic cords, primarily but not
exclusively in 260 mg/rhanimals (Hamm et al., 1984).

In the 2-week study, renal effects in B6C8tice included minimal to moderate multifocal
degenerative changes in tubular epithelium of makg®sed to 180 mgAnNeither hydropic
degeneration of the cortical tubular cells nor mghephrosis was seen, even at the highest
exposure level of 640 mgfmin CD rats, hydropic degeneration of the corttoslular cells
was observed (20% of males; 90% of females) anédrr. Renal lesions in Fischer-344
rats at 640 mg/fincluded reversible, moderate to severe hyalimhrusis (Medinsky &

Irons, 1985). In the 13-week study, dose-relatedlreoxic nephrosis was observed as the
main finding in male rats of both strains (not $figant at 26 mg/min CD rats), but not in
mice (Hamm, 1984); the lesion was described acamaulation of hyaline or eosinophilic
droplets in the cytoplasm of proximal tubular eplthl cells.
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In the 2-week study, bilateral perivascular haemage in the cerebellar peduncle,
accompanied by varying degrees of oedema and madlaai breakdown), was observed at
640 mg/ni in 8 of 19 mice (both sexes) sacrificed at 2—4sdayd in 14 of 19 SD rats (both
sexes) sacrificed in a moribund condition (Medin&klyons, 1985). No brain lesions were
found in Fischer rats. No neurological signs weygorted by Hamm et al. (1984) in either
mice or rats exposed to 26, 82 or 260 nigfon 90 days.

Testicular effects are described in section 7.5.2.

In the 90-day study, female mice had a dose-rekadeenal lesion, which consisted of
prominent cellular vacuolation in the zona reticsl@ontiguous with the medulla. This was
apparent at the lowest concentration (Hamm, 1984).

No clear NOEL was established in the 2-week inl@adtudy, as (in addition to the

testicular effects described in section 7.5.2 &edniaematological effects described in section
7.7) increased relative kidney weights were obsemenale Fischer rats at the lowest dose
studied (51 mg/f) (Medinsky & Irons, 1985).

Similarly, no clear NOEL was established in thed@@-inhalation study, as female mice at
the lowest dose showed cellular vacuolation ofatheenal gland (and haematological effects
were observed in Fischer rats, as described imogect7) (Hamm, 1984).

7.2.4 Subcutaneous

Subcutaneous daily injection of adult male rabiith 0.05 ml nitrobenzene/kg of body
weight resulted in histopathological changes indpec nerve, seen at necropsy at the end of
the second week; changes included Marchi granul@segressive glial cell changes, with
demyelinization seen as the 12-week study proge&eshida, 1962).

7.3 Long-term toxicity and carcinogenicity

No studies were located regarding long-term toxicitcarcinogenic effects in animals after
oral or dermal exposure to nitrobenzene.

The chronic toxicity and potential carcinogeniaifyinhaled nitrobenzene have been
evaluated following a 2-year exposure period in BB{nice, Fischer-344 rats and Sprague-
Dawley rats (CIIT, 1993). This data set was latelgsed, summarized and discussed by
CIIT scientists (Cattley et al., 1994). Subsequerath extended analysis in the light of
nitrobenzene’s metabolism and potential mode aficagenic mode of action was presented
(Holder, 1999a).

Male and female B6C3Fmice (70 per sex per dose grouyere exposed to 0, 26, 130 or 260
nitrobenzene/f(0, 5, 25 or 50 ppm), whereas Fischer-344 ratp€tGex per dose) and

male Sprague-Dawley (CD) rats (70 per dose) wepesad to lower doses of 0, 5, 26 or 130
mg nitrobenzene/f(0, 1, 5 or 25 ppm) because of the sensitivithefrat to

methaemoglobin formation. All exposures were for ger day, 5 days per week, for a total of
505 exposure-days over a duration of 2 years.
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Haematological findings from these studies arenlesd in section 7.7, and effects on
reproductive organs, in section 7.5.1.

Survival was not adversely affected by chronicaliemzene inhalation exposure (Cattley et
al., 1994). There were only mild exposure-relatedréases in body weights.

For mice, prominent dose-related changes includeddhiolization of alveolar walls
(alveolar epithelium changed from a simple squamouwstall columnar epithelium
resembling that of the terminal bronchioles); césttular hepatocytomegaly and
multinucleated hepatocytes; pigment depositiomith @egeneration of olfactory epithelium;
follicular cell hyperplasia in the thyroid; and re@sed nasal secretion. Compound-related
findings seen at 260 mgfmnly included glandularization of the respiratepithelium in the
nose and bone marrow hypercellularity. Other compenelated findings (investigated in
high-dose animals only) included thymic involutid@males), mononuclear cell infiltration of
the pancreas (females), kidney cysts (males) apddpermia in the epididymis and diffuse
testicular atrophy. For rats, prominent dose-relateanges included eosinophilic foci in the
liver (Fischer-344 rats), centrilobular hepatocytmaly (Fischer-344 and CD males) and
pigment deposition in olfactory epithelium. Sporsgsohepatitis was largely confined to the
high-dose animals (both strains), as was kidneylarthyperplasia (Fischer-344 males).

Tumour incidences from nitrobenzene inhalation vadrgerved at eight different organ sites
among the mice and two strains of rats (Tables 2D-Hach organ site presented indicates a
significantly (i.e., biologically and statisticajlpositive carcinogenic response in the test
animals arising from 2 years of exposure. Becdusetwere no significant numbers of early
deaths in any of the groups, the tumours appearitite tables are those of aging animals.

B6C3Fk male mice responded with alveolar and bronchiad tumours (Table 10). The
benign alveolar and bronchial tumours show a defimcrease in trend. The malignant
tumours, on the other hand, do not show a tpardse but they do indicate that treated mice
(i.e., 26, 130 and 260 mg#jrhave more malignant alveolar and bronchial canocaraverage
(13%) than do the concurrent control mice (6%).roid/follicular cell adenomas (benign)
were also increased in male B6G3kice (Table 10), whereas females showed no seald.tr
For B6C3k female mice, malignant mammary gland tumours weneased in the 260
mg/nT group, but the 26 and 130 mg/groups were not analysed histologically for
mammary tumours (Table 10) (CIIT, 1993; Cattleplet1994).

Table 10. Incidence of tumours in B6C3Emice®

0 ppm 5 ppm 25 ppm 50 ppm

Male lung (alveolar/bronchial) adenomas or carcinoras

Adenomas, alveolar/bronchial 7168 (10%) 12/67 (18%) | 15/65 (23%) | 18/66 (27%)
Carcinomas, alveolar/bronchial 4/68 (6%) 10/67 (15%) | 8/65 (12%) | 8/66 (12%)
Total cancer incidence, alveolar/bronchial 9/68 (13%) 21/67 (31%) | 21/65 (32%) | 23/66 (35%)
Statistical results trend = 0.017 | 0.0 0.007 0.003
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Male thyroid follicular cell adenomas

Adenomas, thyroid 0/65 (0%)
Statistical results trend = 0.01%
Female mammary gland adenocarcinomas

Mammary incidence 0/48 (0%)

Statistical results N/AY

a

4165 (6%)

0.06

not
examined

1/65 (2%) | 7/64 (11%)

0.5

not

0.006

5/60 (8%)

examined

0.049

From Holder (1999a). B6C3knouse tumour incidences are the tumour occurretiveled by animals

reported at risk plus animals carried over fromaiiimh sacrifice into the main CIIT study (Cattleyadt 1994).
All mouse tumours occurred late in the 2-year iatiah bioassay study, and none of the interimrkitlents

indicated carcinogenicity at these sites (CIIT,3;9attley et al., 1994). 1 ppm = 5.12 md/m

The Peto trend probabili®y is given for each line of dose—response undecdinérol column.

presented under each dose column. Falue is estimated by Fisher's Exact Test.

Not applicable.

The statistical probability of each pairwise resgmdifference compared with the control incidersce i

For male Fischer-344 rats, there were increasbkstimbenign and malignant liver tumours
(Table 11). Male Fischer-344 rats also respondéil wcreased follicular cell benign and
malignant thyroid cancers (Table 11). The thirgpoese site in Fischer-344 male rats was
ostensibly a benign kidney response (Table 113.ribtable, however, that there was a single
kidney adenocarcinoma in the high-dose group amé mothe control group. In female
Fischer-344 rats, benign uterine tumours (endoaigidlyps) were observed. Because the
concurrent control group has as many as 16% potlipsgffect may be an exacerbation of an

age-related effect.

Table 11. Incidence of tumours in Fischer-344 rafs

0 ppm
Male hepatocellular adenomas/carcinomas
Adenomas 1/69 (1%)
Carcinomas 0/69 (0%)
Total cancer incidence 1/69 (0%)
Statistical results trend = 0.004

Male thyroid follicular cell adenomas/adenocarcinonas

Adenomas 0/69 (0%)

1 ppm

3/69 (4%)
1/69 (1%)
4169 (6%)

0.183

0/69 (0%)

5 ppm

3/70 (4%)
2/70 (3%)
5/70 (7%)

0.108

2/70 (3%)

25 ppm

15/70 (21%)
4170 (6%)
16/70 (23%)

<0.001

2/70 (3%)
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Adenocarcinomas 2/69 (3%) 1/69 (1%) | 3/70 (4%) | 6/70 (9%)
Total cancer incidence 2/69 (3%) 1/69 (1%) | 5/70 (7%) | 8/70 (11%)
Statistical results trend = 0.010 | 0.500 N | 0.226 0.051

Male kidney tubular adenomas/adenocarcinomas

Adenomas 0/69 (0%) 0/68 (0%) | 0/70 (0%) | 5/70 (7%)
Carcinomas 0/69 (0%) 0/68 (0%) | 0/70 (0%) | 1/70 (1%)
Total incidence 0/69 (0%) 0/68 (0%) | 0/70 (0%) | 6/70 (9%)
Statistical results trend < 0.001 | -° ¢ 0.015

Female endometrial polyps

Overall uterine incidence 11/69 (16%) 17/65 15/65 25/69 (36%)
(26%) (23%)
Statistical results trend = 0.01 0.107 0.205 0.006

& From Holder (1999a). Fischer-344 rat tumour incienare the tumour occurrences divided by animals

reported at risk plus animals carried over fronaiiimh sacrifice into the main CIIT study (Cattleyadt 1994).
All rat tumours occurred late in the 2-year inhalatioassay study, and none of the interim-kitlents
indicated carcinogenicity at these sites (CIIT,3attley et al., 1994). 1 ppm = 5.12 mg/m

The Peto trend probabilify is given for each line of dose—response undecanérol column.

The statistical probability of each pairwise resgmdifference compared with the control incidersce i
presented under each dose column. Falue is estimated by Fisher's Exact Test.

N = no statistical (or null) effect.

A "-" means that no sampling of tissues was madaiftopathology by CIIT pathologists.

In Sprague-Dawley rats, liver cancers were seehléTH). The hepatic cancers were
significant only because of the response at the-Hise level of 130 mgfin

Table 12. Incidence of tumours in Sprague-Dawley (@) rats®

0 ppm 1 ppm 5 ppm 25 ppm

Male hepatocellular adenomas or carcinomas
Overall liver incidence 2/63 (3%) 1/67 (1%) 4/70 (6%) 9/65 (14%)

Statistical results trend = 0.002 | 0.447 N¢ 0.391 0.031

& From Holder (1999a). Sprague-Dawley rat tumourdentces are the tumour occurrences divided by asimal

reported at risk plus animals carried over fromaiiimh sacrifice into the main CIIT study (Cattleyadt 1994).
All rat tumours occurred late in the 2-year inhalatioassay study, and none of the interim-kitlents
indicated carcinogenicity at these sites (CIIT,3:9attley et al., 1994). 1 ppm = 5.12 md/m
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The Peto trend probabilify is given for each line of dose—response undecanérol column.

The statistical probability of each pairwise resgmdifference compared with the control incidersce i
presented under each dose column. Felue is estimated by Fisher's Exact Test.

N = no statistical (or null) effect.

On the basis of non-cancer end-points, no NOEL& wstablished in any of these studies
(CIIT, 1993; Cattley et al., 1994). Findings at tbeest dose of 26 mg/hin mice included
lower body weights in females (weeks 16—30); sdwirsical chemistry changes,

either statistically significant at this dose oosing a dose-related trend; and reduced
weights (absolute and relative) of liver and kidnidistopathological findings at the low dose
included an increased incidence of secretory produespiratory epithelial cells;
degeneration/loss of olfactory epithelium; dilatmirsubmucosal glands and accumulation of
brown pigment-containing macrophages in the subsalareas of olfactory epithelium;
bronchiolization of alveolar cell walls; hepatoaytegaly and multinucleated hepatocytes;
and bone marrow hypercellularity. In rats, findirmgshe lowest dose of 5 mgfimcluded
slight but significant decreases in serum sodiumstdpathological findings at the low dose
included accumulation of brown pigment-containinganophages in the mucosa and
submucosa of olfactory epithelium; inflammatiorthie anterior nasal passages, including
suppurative exudate; and mucosal epithelial hypsi@{CD rats). For haematological
toxicity and effects on fertility, see sections @l 7.5.1, respectively.

7.4 Mutagenicity and related end-points

The genotoxicity of nitrobenzene has been testeshiarray of non-mammalian and
mammalian test systenrsvitro andin vivo. The results have usually been negative. In a few
studies, methods were used in which the genetis b&the effects observed is not fully
understood; thus, the relevance of these studmstislear. Information on the genetic

activity of nitrobenzene is comprehensively revidvaelow.

7.4.1 DNA interactions

In five separate experiments using hepatocytesapeeldrom different human livers,
nitrobenzene at concentrations up to 1 mmol/litees wegative for induction of unscheduled
DNA repair (Butterworth et al., 1989). In paraléssays using rat liver primary hepatocyte
cultures, nitrobenzene was similarly negative.

Radioactivity, most probably due to covalent bigdia DNA, was observed in DNA isolated
from rat liver and kidney and mouse liver and lsagnples collected 24 h after a single
subcutaneous injection &iC-labelled nitrobenzene at 4 mg/kg of body weidgA$F, 1997).
Radioactivity, expressed as covalent binding inglieeas at the upper end of the range of
values typically found with weak genotoxic carcieag.

In anin vivo—in vitrohepatocyte DNA repair test, rats were gavaged mittbbenzene at 200
or 500 mg/kg of body weight and killed after 12feir livers were then removed, and
primary cultures of hepatocytes were incubated {ifjthymidine. There was no evidence of
any increase in unscheduled DNA synthesis (Mirsalal., 1982).
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7.4.2 Mutation

Results ofn vitro gene mutation studies in bacteria are summarizdalble 13. As indicated
in the table, a number of independent studies didind any significant mutagenic activity
with nitrobenzene in th8almonella typhimuriurhistidine reversion test, either in the
presence or in the absence of S9 mix, at concerigsatip to 3300 pg/plate (Garner &
Nutman, 1977; Anderson & Styles, 1978; Chiu et178; Purchase et al., 1978; Ho et al.,
1981; Haworth et al., 1983; Suzuki et al., 1983ghis et al., 1984; Nohmi et al., 1984,
Vance & Levin, 1984; Kawai et al., 1987; DellarcdP&ival, 1989).

Table 13. Summary of results fromSalmonella typhimurium (histidine reversion) test8

Strain
TA1538
TA98, TA100, TA1535,

TA1538

TA98, TA100, TA1535,
TA1537

TA98, TA100
TA100-FR50
TA98

TA98

TA100

TA98, TA100, TA1535,
TA1537

TA97al TA98, TA98NR"
TA100, TA100NR, TA1535,
TA1537, TA1537NR, TA1538

TA98, TA100
TA97, TA98, TA100
TA98, TA100

TA98, TA100

Concentratidh | —S9
(Hg/plate)

100 -

2500 ND

NS ND

12360 -
NS ND
500 ND
100 -
100 -

NS -

1000 -

NS -
3300 -
NS -

1236 -

+S9

ND

ND

|

ND

Reference
Garner & Nutman,
1977

Anderson & Styles,
1978

Purchase et al., 1978

Chiu et al., 1978
Benkendorf, 1978
Ho et al., 1981
Suzuki et al., 1983
Suzuki et al., 1983

Haworth et al., 1983

Vance & Levin, 1984

Nohmi et al., 1984
Hughes et al., 1984
Kawai et al., 1987

Dellarco & Prival,
1989
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TA98, TA100 316-2525 - - ARBmann et al., 1997

a — = negative result; + = positive result; ND = raiad NS = concentration not stated; —S9 = withativation;

+S9 = with activation; in most cases, S9 fractimese prepared from livers of rats (induced with &oo-
1254, Kanechlor KC-400 or phenobarbitone).

Only the highest (non-toxic) concentration testelisted here.

Stated concentration was 10 pmol/plate.

Limited nitroreductase activity even in the preseatair.

Only in the presence of the co-mutagen norharmegative in its absence.
f Haworth et al. (1983) utilized S9 from both rat dainster livers.

g TA97 isolate with a defined uvrB deletion.

NR = nitroreductase-deficient strain.

The non-mutagenicity of nitrobenzene in bacteralegmutation tests was further confirmed
in studies sponsored under contract by the US NifBublished work cited in Beauchamp et
al., 1982). Nitrobenzene was also found to be witmoutagenic potential iBalmonella
typhimurium(TA100-FR50) deficient in oxygen-insensitive nigductase activity
(Benkendorf, 1978); the bacteria were treated wittobenzene under anaerobic conditions to
allow reduction by the oxygen-sensitive enzyme.URuet al. (1983) confirmed the non-
mutagenicity of nitrobenzene in nitroreduction-catgmt tester strains &almonellaeven

with S9 addition, although co-mutagenicity of nitemzene with the co-mutagen norharman
(found in the pyrolysate of tryptophan and in talmasmoke) was observed. Similarly, in a
modified Ames test utilizing a preincubation steypl ghe addition of flavin mononucleotide to
the hamster liver S9 mix to provide more generabreéducing conditions, nitrobenzene at
concentrations up to 10 pmol/plate (1200 pg/pleEsied negative in tester strains TA98 and
TA100, even though significant nitroreduction ocedr(Dellarco & Prival, 1989).

Kuroda (1986) examined the mutagenic effects ebbhénzene in cultured Chinese hamster
lung (V79) cells; the induction of 8-azaguaningh®guanine and ouabain resistance was
determined. Nitrobenzene, without metabolic actorgtinduced 8-azaguanine resistance with
low frequency at 0.6 pg/ml, an effect enhanced ws@mvas added to the medium. The
frequency of ouabain resistance was marginallyemsed, but only in the absence of S9.

There was apparently a weak increase of gendeeding&cessive lethal mutations in
Drosophilawhen nitrobenzene was added to the food, butrafisignt increase when
Drosophilawere exposed to nitrobenzene fumes over 8-10 ((Reysoport, 1965). In view of
the paucity of details, this work provides littleeamingful information.

7.4.3 Chromosomal effects

Huang et al. (1996) reported that nitrobenzendahbnol/litre caused chromosomal
aberrations in cultured human lymphocyitesitro. Unfortunately, the results were reported
only as positive or negative and at only one cotration — i.e., the lowest dose, which was
claimed to be positive. The result was considesitpe if there was a statistically
significant increaseR(< 0.01) above the negative control; however, thastical test used
was not stated. Additionally, no data were providadhe cytotoxicity, and the dose of
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nitrobenzene at which positive genotoxicity wasorégd was 5 times higher than the
recommended upper test concentration for relatimety-cytotoxic compounds (OECD Test
Guideline 473, adopted 21 July 1997).

Male Fischer-344 rats were exposed to concenttid0, 26, 82 and 260 mgir(D, 5, 16

and 50 ppm) for 6 h per day, 5 days per week, a\29-day period (21 exposures) via
inhalation. Cultures of blood and isolated splggandhocytes were grown in the presence of 2
umol 5-bromodeoxyuridine/litre. No effects on sisteromatid exchange frequency or on
chromosomal aberrations (excluding gaps) were gbdeHowever, nitrobenzene did have a
significant inhibitory effect on the mitotic actiyiand cell cycle progression of concanavalin
A-stimulated peripheral blood lymphocytes (Kligenret al., 1983).

Male and female B6C3Fmice were given a single intraperitoneal injectod162.5, 125 or

250 mg/kg of body weight of nitrobenzene. No inseean micronucleated polychromatic
erythrocytes was observed at 24 or 48 h afterrdarhent in the bone marrow of the animals
(BASF et al., 1995).

7.4.4 Cell transformation

In an assay examining mammalian cell transformanasulture, baby Syrian hamster kidney
cells (BHK-21 C13) and human diploid lung fibrolia$WI-38) were exposed to
nitrobenzene (final test concentrations ranged @008 pg/ml to 250 mg/ml) in the presence
and absence of rat liver S9 fraction. Nitrobenzanthe LG, (which was not stated) did not
cause cell transformation in the cell systems ((S¢gles, 1978).

7.4.5 Genotoxicity of nitrobenzene metabolites

The genotoxicity of eight putative nitrobenzene abelites — i.e., nitrosobenzer,
phenylhydroxylamine (hydroxylaminobenzeng)itrosophenolp-nitrophenol p-
aminophenol, acetanilidp;hydroxyacetanilide and aniline — was summarized raview
by Beauchamp et al. (1982).

The urinary metabolites of nitrobenzene in rats itk —p-hydroxyacetanilidep-
nitrophenolm-nitrophenol angb-aminophenol, and their sulfate conjugates — haveng
negative results in genotoxicity tests (McCannl.etl®75; Bartsch et al., 1980; Wirth et al.,
1980; Probst et al., 1981; Wilmer et al., 1981;as8e Beauchamp et al., 1982).

There is some evidence of the genetic activityooiia of the putative metabolites of
nitrobenzene, although most of the data are negga@nkuma & Kawanishi (1999)
investigated the mechanism of DNA damage inducexitogsobenzene (in calf thymus DNA
in vitro). The authors reported that nitrosobenzene caaheed non-enzymatically by
NADH, and the redox cycle reaction resulted in axikk DNA damage due to the copper—
oxygen complex, derived from the reaction of coflpevith hydrogen peroxide. Aniline
induced gene mutations in Chinese hamster lung@&®s (Kuroda, 1986) and in mouse
L5178Y cells (Amacher et al., 1980; Caspary etl&88; Wangenheim & Bolcsfoldi, 1988),
sister chromatid exchanges (Abe & Sasaki, 1977 nhigham & Ringrose, 1983; Galloway
et al., 1987) and chromosomal aberrations (Gallogta}., 1987) in Chinese hamster caills
vitro and morphological transformation of BALB/c 3T3IsdDunkel et al., 1981). It also
induced DNA damage in the liver and kidney of iatd sister chromatid exchanges in the
bone marrow of mice (Parodi et al., 1981, 1982)liA®, a reductive metabolite of

84



nitrobenzene (tested at up to 1 mmol/litre in €gagate assays), was negative for
unscheduled DNA repair in primary cultures of natl auman hepatocytes (Butterworth et al.,
1989). The draft European Union (EU) risk assessmggrort on aniline (EU, 2001) provides
further evidence on the genotoxicity of anilipeAminophenol induced gene mutations in
Salmonella typhimuriuratrain TA1535 and was also reported to be posititee mousén

vivo micronucleus test (Wild et al., 198@}Nitrophenol caused DNA damageBacillus
subtilis (Shimizu & Yano, 1986) anBroteus mirabilis(Adler et al., 1976)p-Nitrosophenol
was weakly mutagenic t8almonella typhimuriuratrain TA1538 (Gilbert et al., 1980).

AlBmann et al. (1997) reported that substancesetkfrom nitrobenzene or aniline by
addition of at least one nitro group in timetaor para position were mutagenic in the Ames
test (strains TA98 and TA100). Nitrobenzene antirnthemselves were non-mutagenic.

7.5 Reproductive toxicity

7.5.1 Effects on fertility
7.5.1.1 Oral

Following a single oral dose of 300 mg/kg of bodgight, findings included degeneration of
the seminiferous epithelium of the testes withohes of treatment and an approximately 17-
day period of aspermia after a 17- to 20-day lagpgeHistological examination showed that
pachytene spermatocytes and step 1-2 spermatiéstiieemost susceptible cell stages.
Repair was substantial by 3 weeks after treatnvatit,>90% regeneration of seminiferous
epithelium by 100 days after treatment (Levin et #88).

Nine-week-old Sprague-Dawley male rats were gavagdd60 mg nitrobenzene/kg of body
weight (in sesame oil) for up to 70 days; on days47 21, 28, 42, 56 and 70 of treatment,
they were mated with normal proestrous females @&ma et al., 1995b). On the day after
each of these matings, the five males and fivemating males in each group (control and
treated) were sacrificed for morphological examoratnd sperm assessment. After 7 days of
treatment, there were no effects on sperm motpitggressive sperm motility (movement
along a capillary tube), sperm count, sperm mogiyohbnd viability, or testicular and
epididymal weights. By day 14, sperm motility, preggsive sperm motility, sperm count and
testicular and epididymal weights were significamtécreased. By day 21, sperm viability
and the fertility index also decreased (the latteabout 15% of control), with increases in
abnormal sperm and instances in which no motilenspeere evident. By day 28, the fertility
rate was 0%. However, even after 70 days, the aetipulindex was unaffected at this dose.
The most sensitive spermatic end-points were datexdrto be sperm count and sperm
motility, followed by progressive motility, viabili, presence of abnormal sperm and, finally,
the fertility index.

In the Mitsumori et al. (1994) ReproTox study, désexd in section 7.2.1, significant
decreases were observed in testes and epididyngbtaén mid- and high-dose groups.
Histopathologically, treated males showed atrophty@ seminiferous tubules of the testes,
with dose-dependent incidence (0/10, 1/10, 10/1D18410 in the 0, 20, 60 and 100 mg/kg of
body weight per day dose groups, respectively)saverity (not stated). In addition, there
was Leydig cell hyperplasia (respective incidenic@/ ©0, 0/10, 10/10 and 8/10), decreased
numbers of cells with round nuclei per seminifertusule (incidence not stated) and loss of
intraluminal sperm in the epididymis (0/10, 0/10/10 and 10/10, respectively).

85



Male fertility was not affected. The body weightgaps from treated dams were lowered,
and postnatal loss was increased. Otherwise, there no obvious effects on copulation,
fertility, implantation indices or gestation peritmhgth. The lack of effect of nitrobenzene on
male fertility may be due to the short prematingidg interval used in the study and to the
fact that rats produce sperm in very large abunglanc

In the 13-week NTP study (see section 7.2.1),delsti atrophy was observed in mice at
18.75 mg/kg of body weight per day (3/10 anim&3)5 mg/kg of body weight per day
(2/10), 150 mg/kg of body weight per day (5/10) 8@ mg/kg of body weight per day
(5/10). In Fischer-344 rats, the testes were mildlgnarkedly atrophic at the two highest
doses, with varying degrees of hypospermatogeaesisnultinucleated giant cell formation.

Morrissey et al. (1988) reviewed the reproductixgan toxicity of nitrobenzene in B6C3F
mice and Fischer-344 rats, based on the resudishamber of 13-week studies conducted by
the US NTP. In gavage studies with nitrobenzerésoher-344 rats (9.4, 37.5 and 75 mg/kg
of body weight) and B6C3Fnice (18.75, 75 and 300 mg/kg of body weight)smgmificant
effects were noted on body weights; however, thights of the right cauda, epididymis and
testes and the motility and density of sperm wageificantly decreased in one or more
treatment groups. In addition, there was an iner@ashe percentage of abnormal sperm.

7.5.1.2 Dermal

In the range-finding NTP study (see section 7.2R)pbenzene was administered to B6C3F
mice and Fischer-344 rats at doses of 200—3200grad/kody weight per day for 14 days
(NTP, 1983b). Histologically, mice and rats showldnges in testes, with mice less affected
than rats.

In the 13-week NTP study (see section 7.2.2),delsti atrophy was seen in all mice at the
high dose of 800 mg/kg of body weight per day. loeeatrophy was seen in one, one and
five mice in the 200, 400 and 800 mg/kg of bodyghéper day dose groups, respectively. In
Fischer-344 rats, the testes were moderately taedlr atrophic at the two highest doses
(400 and 800 mg/kg of body weight per day), withyirag degrees of hypospermatogenesis
and multinucleated giant cell formation.

Morrissey et al. (1988) reviewed the reproductixgan toxicity of nitrobenzene in B6C3F
mice and Fischer-344 rats after dermal exposusedan the results of a number of 13-week
studies conducted by the US NTP. In these dermedles in Fischer-344 rats at 50, 200 and
400 mg/kg of body weight, weights of the right capepididymis and testis and the motility
and density of sperm were significantly decreaaeddds with the expected results, there
was an apparent decrease in abnormal sperm, btgsteular effects were so severe that few
sperm were available for analysis. In B6G8kice at the same dermal doses, there was an
observed increase in abnormal sperm, but othemvesenly change was a decrease in sperm
motility.

7.5.1.3 Inhalation
Dodd et al. (1987) exposed 38- to 42-day-old Spgegawley rats (30 per sex per group) to
nitrobenzene via the inhalational route, at corregions of 0, 5, 51 or 200 mg#n(D, 1, 10 or

40 ppm), in a two-generation reproduction study ¢hatings). Exposures were for 6 h per
day, 5 days per week, for 10 weeks prior to matiluging mating and through day 19 of
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gestation. On postnatal day 5, dams were remowed tineir litters for the exposure period,
remaining with their pups for the rest of the tifNecropsy occurred on or just after day 21.
F1 rats (30 per sex per group selected) were allanw2dveek growth period prior to
nitrobenzene exposure, with the subsequent exposgime the same as for the F
generation; some;fnales were not sacrificed after mating, but wéewed a recovery
period. F, pups were sacrificed on postnatal day 21. No Inénzene-related effects on
reproduction were noted at either 5 or 51 niigivt 200 mg/ni, there was a decrease in the
fertility index (number of pregnancies/number ahtdes mated) of fJand k generations,
associated with alterations in male reproductiygans — i.e., reduced weights of testes and
epididymis, seminiferous tubule atrophy, spermadggeneration and the presence of giant
syncytial spermatocytes. Fertility indices were380/27/30, 29/30 and 16/30 in the respective
Fo groups and 30/30, 27/30, 26/30 and 3/30 in theews/e Fr groups. The only significant
finding in litters from rats exposed to 200 mghvas a decrease in the mean body weight of
F1 pups on postnatal day 21. Survival indices wewmdtared. After a 9-week recovery period,
F; males from the 200 mgfhgroup were mated with 77-day-old untreated femaesder to
examine the reversibility of nitrobenzene effeatsloe gonads. An increase in the fertility
index (above that measured during nitrobenzenesexpdindicated at least partial functional
reversibility upon removal from nitrobenzene expgestertility indices in the control and
high-dose recovery groups were 29/30 and 14/3pewdwely. The numbers of giant
syncytial spermatocytes and degenerated spermatoasdre greatly reduced, but testicular
seminiferous tubule atrophy persisted, althouglvadtages of spermatocyte degeneration
were much less frequent. Maternal toxicity wasatmerved. Under the conditions of this
study (i.e., exposure for 6 h per day, 5 days pEsk); a NOEL of 51 mg/frwas established
for reproductive toxicity in Sprague-Dawley rats.

In the 2-week CIIT study (Medinsky & Irons, 1988gscribed in section 7.2.3, a very
prominent decrease in relative testicular weighdas @vident at the highest dose in Fischer-
344 rats, a finding that showed no recovery by DayTesticular lesions in Fischer-344 rats
exposed for 2 weeks at 640 md/oonsisted of increased multinucleated giant c8kstoli

cell hyperplasia and severe dysspermiogenesis,matiaration arrested at the level of
primary and secondary spermatocytes; the epididgongained reduced numbers of mature
sperm, a finding still evident after 2 weeks ofaeery. Dysspermiogenesis of moderate
severity was seen in CD rats exposed at 640 rhghe testes of mice exposed at 640 nig/m
showed a different lesion, with acute testiculagedeeration, an absence of spermatozoa in
seminiferous tubules and the epididymis and degeioerof tubular epithelial cells
(Medinsky & Irons, 1985).

In the 13-week CIIT study (Hamm, 1984; Hamm etE84) described in section 7.2.3, both
rat strains had reduced testicular weights, bi#didegeneration of seminiferous epithelium
and a reduction or absence of sperm in the epidilgh?60 mg/rfy CD rats appeared more
severely affected, with all 260 mgiranimals showing gross bilateral testicular atrophy
Marginal effects were noted in CD rats exposed®ang/nt. Mice had no testicular lesions at
these doses (Hamm, 1984; Hamm et al., 1984).

No NOELs for reproductive effects were establisimetthe 2-year CIIT studies. Findings at
the lowest dose of 26 mg#in mice included diffuse testicular atrophy; itstdindings at the
lowest dose of 5 mg/fincluded benign uterine endometrial stromal pol§fischer-344)
(see section 7.3). Histopathological findings atlttw dose included abnormal sperm
(Fischer-344 rats) and increased bilateral atrq@iy rats).
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7.5.2 Testicular toxicity
7.5.2.1In vitro studies

Allenby et al. (1991) studied the effect of nitrolzene on then vitro secretion of
immunoactive inhibin (basal and stimulated) by utdtl isolated rat seminiferous tubules and
by co-cultures of immature rat Sertoli cells ort8krcells plus germ cells, as well as ion

Vivo secretion in Sprague-Dawley rats. Nitrobenzeri®atmol/litre or 1 mmol/litre

stimulated basal secretion of inhibin in seminitexdubule cultures but did not affect
secretion stimulated by follicle stimulating horneafSH) or dibutyryl cyclic AMP. It also
enhanced secretion by Sertoli cell cultures, bt lEsser extent. Exposurevivoto a single
dose of nitrobenzene (300 mg/kg of body weight &yage in corn oil) resulted in 2- to 4-fold
increases in inhibin levels in testicular interatifluid at 1 and 3 days post-treatment,
associated with early impairment of spermatogenasifudged by testicular weight.

The effects of nitrobenzene on Sertoli cells wesseaseth vitro using Sertoli cell and
Sertoli cell plus germ cell co-cultures (Allenbyagt, 1990). Gross morphological changes,
including vacuolation of Sertoli cells, were obsshfollowing treatment of cultures with

1 mmol nitrobenzene/litre. Exposure of co-cultuesitrobenzene also resulted in dose-
dependent exfoliation of predominantly viable geefis. Nitrobenzene (>500 umol/litre)
significantly stimulated the secretion of lactatel @yruvate by Sertoli cells, an effect that
was more marked in the absence of germ cells. Cabjgachanges were observed in FSH-
stimulated cultures. Inhibin secretion by Sertelixwas also altered by exposure to
nitrobenzene, but in a biphasic manner: low (10 Iiitre to 1 pmol/litre) and high (100
pmol/litre to 1 mmol/litre) doses enhanced inhibatretion, whereas intermediate (10
pmol/litre) doses had no effect. These effects wergent in both culture systems, but
inhibin secretion by Sertoli cell plus germ cell@dtures was always greater than that by
Sertoli cell cultures. The effects of nitrobenzenanhibin secretion were not evident in FSH-
stimulated cultures.

The effects of nitrobenzene on protein secretiosdiginiferous tubules isolated from rats
were assessed. Seminiferous tubules were isolatedilnmature (28-day), late pubertal (45-
day) and young adult (70-day) rats and cultunedtro for 24 h with f°S]methionine in the
presence or absence of 100 pmol nitrobenzenelliterporation of {°S]methionine into
newly synthesized proteins in the culture mediuetr@ted proteins) was assessed using two-
dimensional sodium dodecylsulfate polyacrylamidieedgectrophoresis. Nitrobenzemevitro
had no effect on the incorporation 81§]methionine into overall secreted proteins by
seminiferous tubules isolated from immature ratsergas addition of nitrobenzene to
immature rat Sertoli cell plus germ cell co-culturesulted in increased incorporation of
radiolabel into secreted proteins. In contrast sémme additions to seminiferous tubules
isolated from adult rats resulted in a 20-34% deswen the overall incorporation of
[**S]methionine. Seminiferous tubules isolated frota fsubertal rats showed a response
similar to that of seminiferous tubules from adalis, except that the decreases in
incorporation were smaller. Electrophoretic anaysvealed considerable age-dependent
differences in the proteins secreted by seminifetabules from immature and adult rats;
most of these proteins were prominent secretorgiymis of seminiferous tubules from adult
rats, but were minor or non-detectable productsutifires of seminiferous tubules or Sertoli
cells plus germ cells from immature rats. Most piszared or decreased in abundance after
culture of seminiferous tubules with nitrobenzekel(aren et al., 1993a). It appears that
germ cells modulate the secretory function of Siecwlls and that protein secretion by Sertoli
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cells in immature and adult animals is differemyialffected by nitrobenzene exposure.
Further work indicated that exposure to nitrobeezesused stage-specific changes in the
secretion of proteins by isolated seminiferous keb@McLaren et al., 1993b); studies in rats
have identified proteins in blood that derive fr@®rtoli cells and germ cells.

In ex vivostudies on the effects of nitrobenzene on theeieorof proteins by isolated
seminiferous tubules, adult rats received singk doses of 300 mg nitrobenzene/kg of body
weight. Long lengths of seminiferous tubules atedént stages of the spermatogenic cycle
(i.e., 1=V, VI=VIII or IX=XII) were then isolatedrom control and treated rats at 1 or 3 days
post-treatment and culturéuvitro for 24 h with f°SJmethionine. Incorporation of
[**S]methionine into secreted proteins was assessktharpattern of protein secretion
evaluated using two-dimensional sodium dodecylseiff@lyacrylamide gel electrophoresis.
Seminiferous tubules isolated from rats pretre2tetl earlier with nitrobenzene vivo
showed a significant decrease in the overall inm@ion of f°S]methionine into secreted
proteins at stages VI-VIII and IX=XII, not at stagé-V. In similarin vitro experiments,
seminiferous tubules at the same stages wereasidiiam untreated rats and cultured in the
presence or absence of 100 pmol nitrobenzendhitrd4 h. Comparable protein changes
were observed as in tlex vivoexperiments (McLaren et al., 1993b).

7.5.2.2In vivo studies

A study that evaluated sperm viability using twaoflescent pigments, Calcein AM (which
permeates intact cell membranes and indicatescaitwdar esterase activity) and ethidium
homodimer (which permeates impaired cell membranescombines with nucleic acids),
showed that nitrobenzene given to rats at 20, Dang/kg of body weight (dose route not
stated) produced marked effects on sperm numbertdjtgnand survival (Kato et al., 1995).

Nitrobenzene at 300 mg/kg of body weight elicitegexted histopathological responses after
a single gavage dose (in corn oil) in Sprague-Dawaés. The main histopathological effects
seen were degenerating spermatocytes (degeneaatihigissing pachytene spermatocytes in
stages VII-XIV) at 2 days after treatment, with iatore germ cells and debris in the initial
segment of the epididymis. At day 14, maturatiopleion of spermatids in stages V-XIV,
some multinucleated giant cells and testicular idahroughout the epididymis were reported
(Linder et al., 1992).

Analysis of sperm from 10-week-old male Sprague-@gwats treated with nitrobenzene (60
mg/kg of body weight by the oral route) for up #days using an image processor and
motion analysis software found, in addition to reelili sperm density, significant decreases in
straight-line distance and straight-line velocliyt not in curvilinear distance, curvilinear
velocity or amplitude of lateral head displacem@awashima et al., 1995a).

Using a flow cytometric analysis, morphological ebes in sperm after a single oral dose of
100 or 300 mg nitrobenzene/kg of body weight toe&k+old Sprague-Dawley IGS rats were
investigated at 28 days after treatment. The stadgaled an increase of 38.5% in abnormal
sperm, with a 56.8% increase in the incidenceitdé$s sperm. In addition to tailless sperm,
incidences of sperm with abnormalities such asemkhbanana and pin shapes were slightly
increased (Yamamoto et al., 2000).

The possible involvement of apoptosis in the preadsat germ cell degeneration caused by
nitrobenzene was examined (Shinoda et al., 199R)ItASprague-Dawley rats were treated
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with a single oral dose of nitrobenzene (250 mgkigody weight) and killed at 6, 12, and 24
h and 2, 3, 5 and 7 days. The earliest morpholbgigas of germ cell degeneration in testes
were found in pachytene spermatocytes 24 h afteingoln degenerating spermatocytes,
marked nuclear chromatin condensation at the nupkerghery and crowding of cytoplasmic
constituents, signs characteristic of apoptosisewbserved. Degenerating spermatocytes
contained fragmented DNA. The presence of DNA laddeon electrophoresis gels, a
hallmark of apoptosis, was first apparent and rpostinent at 24 h, gradually becoming less
detectable. No such changes were observed uphafi2r dosing or in control animals.

Thus, apoptotic mechanisms were demonstrated imtluetion of spermatocyte
degeneration caused by nitrobenzene.

Cytotoxic effects of nitrobenzene on spermatogeniesihe testes of mature Sprague-Dawley
(Crj:CD) rats were analysed by measuring the DNAteot distribution and testicular

weights at 1, 2 and 3 weeks after daily oral dae€® mg nitrobenzene/kg of body weight
(lida et al., 1997). Within a week of administrati@ large number of 1C cells (cells of the
ploidy compartment 1C) were lost and meiosis obedary spermatocytes was suppressed,
but nitrobenzene had little effect on spermatocptes to the early pachytene stage. The
proportion of 1C cells returned to nearly normalinig a 2-week recovery period.

7.5.3 Embryotoxicity and teratogenicity

Tyl et al. (1987) exposed pregnant Sprague-Davdesy/from day 6 to 15 of gestation, 6 h per
day, to nitrobenzene vapour concentrations of 615nd 200 mg/M(0, 1, 10 and 40 ppm).
Maternal weight gain was significantly depressedrduthe dosing period at 200 mgimwith
full recovery by day 21. At necropsy on day 21,clb® and relative spleen weights were
increased in the dams at 51 and 200 nighut there were no treatment-related effects on
gravid uterine weight, liver weight or kidney wetghn pre- or postimplantation loss,
including resorptions and dead fetuses, on theatexof live fetuses, on fetal body weights
per litter or on the incidence of fetal malformatscor variations. Thus, there was no
developmental toxicity associated with inhaledalignzene at concentrations that produced
some maternal toxicity (51 and 200 mg/m

In a range-finding teratology study, nitrobenzed@ 9%) was administered by the
inhalational route (whole-body exposure in 1&ahambers) to mated New Zealand White
rabbits (12 per group) for 6 h per day during day$9 of gestation (Bio/dynamics Inc.,
1983). Targeted levels were 0, 10, 40 and 80 ppth,mean actual exposures of 0, 51, 200
and 410 mg/r(0, 10, 40 and 81 ppm). Surviving females wereosied on day 20. There
were no adverse maternal effects on mortality, beelights, clinical observations or gross
postmortem observations. Kidney and liver weigheseanot significantly affected. There
were no significant effects on numbers of corpatad, implants, resorptions or fetuses. On
days 13 and 19 of gestation, methaemoglobin levete significantly higher than controls in
the high-dose group, while on day 20, methaemogltavels were significantly higher than
controls at the middle and high doses.

Nitrobenzene (99.8% purity) was administered byithalational route (whole-body
exposure in 10-fchambers) to mated New Zealand White rabbits (debths old, 22 per
group; from Hazleton Dutchland Inc., Pennsylvahi8A) for 6 h per day during days 7-19
of gestation (Bio/dynamics Inc., 1984). Targetackle were 0, 10, 40 and 100 ppm, with
mean analytical concentrations of 0, 51, 210 ar@rBg/nt (0, 9.9, 41 and 104 ppm). Dams
were necropsied on day 30. There were no signifiadwverse effects on maternal mortality,
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body weights, clinical signs or gross postmortersentzations. At 51 mg/fnnitrobenzene

was not maternally toxic, embryotoxic or teratogeit 210 mg/m, there was some maternal
toxicity, as indicated by an increase in methaewtugl (40% over controls) and liver weight
(11.5% increase in relative weight compared withtaas), but there was no evidence of
embryotoxicity or teratogenicity. At the highespesure level, nitrobenzene was maternally
toxic — i.e., slight body weight loss during thesdw period, methaemoglobinaemia (60%
over control) and increased liver weight (11.9% éase in relative weight compared with
controls) — and there was limited evidence of seméryotoxicity (i.e., a possible increase
in resorptions), albeit not statistically signifitaThere was no induction of terata. This study
was also reported in abstract form (Schroeder. £1986).

7.6 Skin and eye irritation and sensitization

The method of Draize was used to test nitrobenf@neye irritation in male albino rabbits
(2.5-3 kg of body weight; strain not stated) (S&zslagos, 1959). A volume of 0.05 ml
introduced under the lower eyelid resulted in malieffects, with reported scores of 8 and 3
at 1 and 24 h, respectively, with no findings (6reg at 48 and 96 h. Skin irritation was also
tested in male albino rabbits, using a volume 050nl. A score of 1 (barely perceptible or
very slight erythema) was recorded at 24 h, wiit@es at 48, 72 and 96 h. In male guinea-
pigs (600-900 g of body weight), nitrobenzene (ateon in acetone) did not cause skin
sensitization.

A study investigatingn vitro alternatives to the Draize test for eye irritat{@®pielmann et al.,
1991) found that nitrobenzene could be classifeed aon-irritant according to the HET-
CAM test, a test performed on the chorioallantoemmbrane of hen eggs.

7.7 Haematological toxicity

7.7.1 Oral

Male B6C3Fk and Swiss Webster mice and Fischer-344 rats weea gitrobenzene by
gavage at 0, 150, 200 or 300 mg/kg of body weightday for 3 days and sacrificed 24 h
after the last dose (Goldstein et al., 1983b). Bipenvestigations on the spleen in mice
revealed splenic lesions consisting of slight catiga, erythroid hyperplasia and lymphoid
hyperplasia. In contrast, marked splenic congestrmhcomparatively little lymphoid
hyperplasia were seen in the rats. A dose-relatg@ase in macromolecular covalent binding
of [**C]nitrobenzene in spleen was seen in all animais sRlenic and erythrocytic binding
was 6-10 and 2-3 times greater, respectively, ttiann mice, correlating with the increased
severity of congestion. Erythrocyte covalent bigdivas greater than splenic binding in both
mice and rats.

Goldstein et al. (1984a, 1984b) studied the infb@eof dietary pectin, a fermentable
carbohydrate, on intestinal microfloral metaboliand toxicity of nitrobenzene. Dietary
pectin is known to alter the intestinal microfloraétabolism of some xenobiotics. Male
Fischer-344 rats were fed, by gavage, a purifietl ddntaining 5% cellulose, a purified diet
with 5% pectin replacing the cellulose or a ceteded diet containing 8.4% pectin for 28
days. Nitrobenzene at 50, 100, 150, 200, 400 omé@iBg of body weight was then
administered. Methaemoglobin concentrations wensistently higher in rats fed diets
containing pectin; at 4 h after administration 802ng nitrobenzene/kg of body weight,
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methaemoglobin levels were at background (about 8%} 9% and 42 + 7% in the
cellulose, 5% pectin and 8.4% pectin dietary grovgspectively, while at 4 h after
administration of 600 mg nitrobenzene/kg of bodyghe methaemoglobin levels in the three
dietary groups were 20 + 5%, 44 + 6% and 64 + ¥dpectively. Caecal reductive
metabolism of radioactive nitrobenzenevitro was greatest in animals fed the cereal-based
diet containing 8.4% pectin, followed by the pwedidiet with 5% pectin, then the diet
without pectin.

The covalent binding of-fC]nitrobenzene was investigated in erythrocytessmtelens of
male B6C3k mice and male Fischer-344 rats following singlal doses (Goldstein &
Rickert, 1984). Total and covalently boul& concentrations in erythrocytes were 6-13
times greater in rats than in mice following adrsiration of 75, 150, 200 or 300 mg/kg of
body weight, suggesting that the reported specdfesehces in nitrobenzene-induced red
blood cell toxicity may be related to the differesdn erythrocytic accumulation of
nitrobenzene and its metabolites. Covalently bad@dn erythrocytes peaked at 24 h in rats
after administration of 200 mg/kg of body weighteweas the low level of binding plateaued
at 10 h in mice.

In the 2-week NTP gavage study described in se@tidnreticulocyte counts were increased
in male B6C3rmice at a dose of 75 mg/kg of body weight per adyereas methaemoglobin
levels were increased in mice in all dose grougepix75 mg/kg of body weight per day
males and 37.5 mg/kg of body weight per day femdlesated Fischer-344 rats showed
increases in methaemoglobin and in reticulocytentsou

In the 13-week gavage study in B6G3Rice, described in section 7.2 (NTP, 1983a), there
were increases in methaemoglobin and reticuloagta#i treated groups, most evident at the
high dose (300 mg/kg of body weight per day), wiétreases in haemoglobin, haematocrit
and red blood cells at 150 and 300 mg/kg of bodighteper day; at 75 mg/kg of body weight
per day, haemoglobin was decreased. Male mice iatlileukopenia at 18.75 and 150 mg/kg
of body weight per day and leukocytosis at 300 m@kbody weight per day. Similarly,
lymphopenia was seen in all treated males excegi@ing/kg of body weight per day, at
which dose lymphocytosis was seen. High-dose fesrethibited neutrophilia and
lymphocytosis. Liver and spleen haematopoiesissaiehic haemosiderin accumulation were
noted in a dose-related manner at and above 75gnogtody weight per day, with all
animals affected at the high dose. Lymphoid deptetvas noted at the two highest doses,
with mainly females being affected.

In the 13-week gavage study in Fischer-344 ratscrilged in section 7.2, there were dose-
related increases in methaemoglobin, reticulocytelychromasia and anisocytosis, along
with decreases in haemoglobin, haematocrit andblieat cells. In the surviving high-dose
animals, there was marked leukocytosis, with lyngytasis and neutrophilia. At necropsy,
the spleens of many high-dose animals were enlaggadular and/or pitted. Nitrobenzene-
treated animals had increased splenic pigment,hwiiass usually minimal. Thickening and
fibrosis of the splenic capsule were noted inrathted groups except at the lowest dose and
were clearly evident at the high dose. It was aereid to be an inflammatory rather than a
fibrotic response, with lymphocyte, macrophage a@adgtrophil infiltration. There were
occasional mast cells, haemosiderin-filled macrgpksaand fragmented necrotic cells. In a
number of cases, the mesothelial cells were hygarted and/or hyperplastic.
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In the liver, brown granular pigment was observethe Kupffer cells of high-dose rats. The
tubular epithelial cells of some high-dose rats @adng/kg of body weight per day females
contained pigment. The presence of pigment in phees, liver and kidney was considered to
be secondary to the methaemoglobinaemia and anamalisubsequent red blood cell
breakdown. Accompanying this, increased haemateoigas seen in the bone marrow of a
number of 75 and 150 mg/kg of body weight per daynals. No NOEL could be derived
from this study.

Toxic haemolytic events were induced in 8-, 11- 28dveek-old Wistar WIST/RIPB rats
after single oral doses of nitrobenzene at 350 gngflkbody weight; there was a decrease in
femoral bone marrow cellularity (all ages, moremient in older rats), an increase in the
erythroid:myeloid ratio in bone marrow (most evitdenll-week-olds) and large increases in
rat splenic erythropoiesis (most evident in 8-wetds) (Berger, 1990).

In the Burns et al. (1994) 2-week gavage study6@BH mice, the dose was close to an
MTD, with 8.5% of animals dying during the expospeziod. (This study is reported in
detail in section 7.8, because it was specificddlgigned to look at the potential
immunotoxicity of nitrobenzene.) Gross histopatiggioevealed severe congestion of the
splenic red pulp with erythrocytes and reticulosya@d haemosiderin pigmentation in the
mid- and high-dose groups (100 and 300 mg/kg of/beeight per day). Haematology
indicated red blood cells to be the primary targgth a dose-dependent decrease in red blood
cell numbers and concomitant increases in mearusogtar haemoglobin and mean
corpuscular volume and a dose-dependent incregseripheral reticulocytes (almost 5-fold
at the high dose). Leukocyte numbers were not fsegnitly affected. In bone marrow, there
were dose-dependent increases in the number ofated cells per femur (62% at the high
dose), in DNA synthesis in the whole cell populat{80% at the high dose) and in the
number of monocyte/granulocyte stem cells. Incrédsi@ubin at the high dose could have
arisen from liver damage or by increased erythregisior haemolysis.

In the Mitsumori et al. (1994) repeated-dose apda@uctive toxicity study in Sprague-
Dawley rats, haemolytic anaemia due to methaemogfobmation was evident in males
from each treated group, with dose-related incieaserythroblasts, reticulocytes, total
bilirubin and, at the high dose (100 mg/kg of bahight per day), elevations in white blood
cell count.

Reactive changes secondary to haemolytic anaenth& inaematopoietic organs
(haemosiderin deposition and extramedullary haepoédsis in the liver and spleen;
haematopoiesis in the bone marrow; haemosideriogiégn in the renal proximal tubular
epithelium) and hepatocellular swelling were seeallimales at 60 and 100 mg/kg of body
weight per day and in most males at the low dos0ahg/kg of body weight per day; if
examined, equivalent histopathological data fordkss were not reported.

In the 28-day gavage study in F344 rats (Shimd.e1994), described in section 7.2,
decreases in red blood cells, haemoglobin and haentavere observed in the 25 and 125
mg/kg of body weight per day groups. Histopathologyealed extramedullary
haematopoiesis in the liver, brown pigmentationenial tubular epithelium, congestion,
increased brown pigmentation in red pulp, increasa@échmedullary haematopoiesis of the
spleen and increased haematopoiesis of the borrewvnar

7.7.2 Dermal
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In the 2-week NTP study in B6C3mice and Fischer-344 rats, described in sectip27.
(NTP, 1983b), reticulocyte counts and methaemogléhiels were increased in mice and rats
(all dosage groups except mice receiving lowese d»80 mg/kg of body weight per day);
haemoglobin and red blood cells were decreaseatsn r

7.7.3 Inhalation

In the CIIT 2-week study (Medinsky & Irons, 1988)kischer-344 rats, Sprague-Dawley
(CD) rats and B6C3Fmice, dose-related increases in methaemoglobirzaesrie observed

in CD and Fischer-344 rats, apparent at levelswsk 51 mg/m(10 ppm), reversible after
14 days of recovery. Methaemoglobinaemia was adsedin mice, although qualitative data
were not reported. A marked elevation was notedroulating white blood cells (both
granulocytes and lymphocytes) in male CD rats nottFischer-344 rats or B6C3hice,
exposed at 180 and 640 md/rBoth rat strains, but not mice, exhibited a da=ated
reversible reduction in red blood cell counts. Dodated splenic lesions were reported in all
treated animals exposed for 14 days; common firgdinguded haemosiderosis,
extramedullary haematopoiesis and sinusoidal cologe\ capsular hyperplastic lesion was
seen at 180 and 640 mg/in Fischer-344 rats (of possible mesenchymal oyidh mice, a
concentration-dependent increase in marginal-zom@ophages and a lymphoid hypoplasia
in periarteriolar sheaths were observed (MedinsKyo&is, 1985).

In the 90-day CIIT study (Hamm, 1984; Hamm et H84) in Fischer-344 rats, Sprague-
Dawley (CD) rats and B6C3Hnice, methaemoglobinaemia and haemolysis, togetitler
increases in spleen and liver weights, were obseirvenice and rats at 260 mgfiand in the
rat strains only at 82 mgAn

In the CIIT carcinogenicity study in B6C3kice and Fischer-344 rats, described in section
7.3, methaemoglobinaemia and anaemia were obsanset above 130 mgfin mice and
rats (CIIT, 1993; Cattley et al., 1994). Methaenobghaemia was consistently seen at the 2-
year terminal sacrifice at 130 mgfand 260 mg/rhin mice and at 130 mg/in rats, with an
approximate 1.5- to 2-fold higher percent methadoing at these exposure levels compared
with controls. It was also apparent at the lowestedof 5 mg/mat the interim 15-month
sacrifice of 10 rats per strain per sex per dog, avsignificant increase (3—3.5 times
controls in CD male rats) or a trend to an incrgapeto approximately 1.5 times controls in
Fischer-344 rats) in blood methaemoglobin levelse-there may have been some
adaptation to this effect with increased duratibexposure (Cattley et al., 1994). In both
strains of rats, increases of Howell-Jolley boavwese seen. A NOEL could not be determined
from these studies, as effects were observed dbwest exposure levels studied. In mice,
findings at the lowest dose of 130 md/mcluded reductions in haemoglobin, haematocrit
and red blood cells and increases in monocytesramlocytes in females. In rats, findings at
the lowest dose of 5 mgfincluded a significant increase in methaemoglddiels (CD rats,
interim 15-month sacrifice) or a trend to an insee@~ischer-344 rats, interim sacrifice), with
a trend, albeit not significant at the low doseghianges in other haematological parameters,
including an increase in platelets (female Fis@wt-rats). Histopathological findings at the
low dose included a slight increase in extramedyl@ematopoiesis, with splenic
pigmentation and congestion.

7.8 Immunological effects
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In the Burns et al. (1994) 2-week gavage studgmdle B6C3Fmice, described in section
7.2.1, several immunological and host resistanspareses were studied.

Nitrobenzene did not change the splenic IgG resptmsheep red cells, but there was a
moderate suppression of the IgM antibody respons#ag 4 (at the two highest doses), with
recovery within 20 days.

The mitogenic response (based on specific actieitygpleen cells to T-cell mitogens
phytohaemagglutinin and concanavalin A was dossedly suppressed, whereas no effects
on the response to B-cell mitogen lipopolysaccleawere observed. The lack of effect when
data were expressed as counts per minute per sphedhbe explained on the basis that non-
mitogen responsive cells are entering or repliggitnthe spleen (consistent with the observed
splenomegaly).

The mixed leukocyte response of exposed culturezkspells to the alloantigens was dose-
dependently depressed on days 4 and 5; as withitbgen response (above), the increase in
spleen cell number can account for the suppression.

Nitrobenzene did not alter the delayed hypersetisitiesponse to keyhole limpet cyanin or
serum complement levels.

The activity of the mononuclear phagocyte systers assessed by the ability of the
reticuloendothelial system of treated mice to ckraep red blood cells. Increased uptake of
sheep red blood cells by the enlarged livers adeauior a shortened circulating half-life of
these cells.

The total number of peritoneal cells was increasddgh-dose mice, with a greater than
proportionate increase in phagocytosis of fluores0e85-um-diameter beads.

The effect of nitrobenzene on natural killer celiaty in spleens from treated mice was
assessedx vivoby the lysis of YAC-1 target cells. Significant deases in lytic capacity
were seen at doses of 100 and 300 mg/kg of bodyhivaivVhile the depression at the high
dose could be due to a dilution of natural kille€ by non-natural killer cells (in a manner
similar to that seen in the mitogen studies; sexa)) the 100 mg/kg of body weight group
showed a marked diminution of natural killer cadtiaity without a reciprocal increase in the
number of spleen cells.

In studies on host resistance to microbial or tunoballenge, treated mice were challenged
with intravenous?lasmodium berghgin mouse red blood cells), intravenduisteria
monocytogenemtraperitoneabtreptomyces pneumonjaetraperitoneal herpes simplex type
2 virus or intravenous metastatic pulmonary tumB8a6F10 melanoma, on day 15. Mice
were not markedly more susceptibleéstopneumoniaer P. bergheithan corn oil controls.
For S. pneumonigéhost resistance involves complement, B lymphagyteutrophils and
macrophages; fd?. bergheiit involves cytophilic antibody and antibodieatlenhance the
capability of macrophages to recognize free plasaddortality after the herpes simplex
viral challenge was reduced in nitrobenzene-treatechals compared with vehicle controls,
particularly at 100 mg/kg of body weight. The mada®tection may have been attributable
to enhanced macrophage or interferon activity, tviwes able to compensate for the
depressed natural killer cell and T-lymphocyte fiorc At the two highest nitrobenzene
doses, mice were more susceptible than vehicleasrb death as a result lof
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monocytogenesfection, especially at the 100 mg/kg of body gieidose. Resistance to this
infection is mediated primarily by T lymphocytesacnophages and complement activity. In
terms of the percentage of animals with tumoutspbénzene treatment did not markedly
affect host resistance to B16F10 melanoma, a aegistthat involves T lymphocytes and
macrophages, but there was a slight increase im#a number of lung nodules at the 300
mg/kg of body weight dose (Burns et al., 1994).

In conclusion, most of the effects of nitrobenzenghe immune system in these studies can
be explained by the increased cellularity of theep, although the new cells entering the
spleen did not respond to mitogens or allogendls.c& degree of immunosuppression was
evidenced by a diminished IgM response to sheepladl cells, a finding that cannot be
explained by an increase in spleen cells lackingume functional capacity. Nitrobenzene at
all doses stimulated the bone marrow, with increaseells per femur, DNA synthesis and
granulocyte/macrophage colony-forming unit stentsge¢r femur. Host resistance to
microbial or viral infection was not markedly affed by nitrobenzene, although there was a
trend towards increased susceptibility in caseshith T-cell function contributes to host
defence (Burns et al., 1994).

No specific studies were located regarding immugickd effects in animals after dermal or
inhalational exposure to nitrobenzene. In toxicgletudies in laboratory animals, effects on
white blood cells were common, albeit with appdseimconsistent results; leukocytosis,
neutrophilia and lymphocytosis were more commoebrsin rodents at high gavage doses,
although leukopenia and lymphopenia were reponteather studies, generally at lower doses
and more commonly by the dermal route. The increasite blood cells may be a
compensatory response to nitrobenzene-induced ¢gtdqmenia or a response to increased
infections as a result of the immunotoxicity of tmmpound. Details of these latter studies
may be found in sections 7.2.1 and 7.2.2.

7.9 Mechanisms of toxicity

7.9.1 Methaemoglobinaemia

Nitrobenzene causes methaemoglobinaemia afteswakts of exposure. The results of
inhalation studies with rats and mice are compihe@able 14. Control values for percent
methaemoglobin vary between these experiments hwhakes their direct comparison
difficult. Nevertheless, it appears that NOELs &wlest-observed-effect levels (LOELS) are
not significantly lowered by increasing the durataf exposure.

Table 14. Percent methaemoglobin in rats and micexposed to nitrobenzene vapour

Study Dose Percent methaemoglolin
duration (ppm)
Fischer-344 rats CD rats B6C3F mice
Male Female Male Female Male | Female
2 week$ 0 0 3.6 6.9 4.8
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10 1.9 4.8 6.1 6.3

35 6.6 6.6 8.7 7.3
125 11.7 13.4 14.0 31.3
90 day$§ 0 1.2 1.6 14 0.7 1.3
5 3.0* 3.2 1.6 1.6 0.8
16 4.4* 3.9% 3.5* 2.1 2.0
50 10.1* 10.5% 9.9* 5.8* 5.1*
15 months 0 29 2.4 1.2
1 3.2 3.33 4.1*
5 3.2 3.2 6.2*
25 4.7* 5.9* 5.9*
24 months 0 3.9 2.7 2.8 2.0 1.4
1 3.3 2.1 2.9
5 4.2 25 24 1.9 1.4
25 5.3* 5.0* 4.6* 3.02 |22
50 4.0* 2.8*

a Data from Cattley et al. (1994), Medinsky & Irodi®985) and Hamm et al. (1984); results on
CD rats from the 90-day study were means from alsimizboth sexes.

® 1 ppm=5.12 mg/fh
Asterisk (*) indicates significance Bt< 0.05.
5 h per day, 5 days per week; blood taken 3 ddgs lafst exposure.

6 h per day, 5 days per week; sampling time namgiv

The mouse also appears to be more resistant thansyecies to the methaemoglobin-
forming properties of nitrobenzene given by otloertes of exposure (Shimkin, 1939; Smith
et al., 1967); thus, even at an intraperitoneaéddslO mmol nitrobenzene/kg of body weight
(1230 mg/kg of body weight) in CD1 female mice, @hkilled two-thirds of mice in 40 min,
levels of methaemoglobin did not exceed 7.2% anhi0 A similarly toxic dose of 5 mmol
aniline/kg of body weight (466 mg/kg of body weightoduced no more than about 15%
methaemoglobin (Smith et al., 1967). The relateg@stance of mice was suggested to be due
to the high activity of an NADH-dependent methaelobip reductase (as well as an
NADPH-dependent reductase, as in cats, dogs ands)niStolk & Smith, 1966; Smith et

al., 1967).
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However, after high dermal or subcutaneous dos€8kh female mice, spectral analysis of
the blood revealed methaemoglobin (Shimkin, 1988pilarly, Stifel (1919) placed eight
drops of nitrobenzene on cotton wool in an opercgataining white mice. They died within
4 or 5 h; at necropsy, the blood was almost blacksinowed the presence of
methaemoglobin.

The action of bacteria normally present in the $ingstines of rats is apparently an
important element in the formation of methaemogiateisulting from nitrobenzene exposure,
since germ-free rats were reported not to develefhaemoglobinaemia when
intraperitoneally dosed with nitrobenzene (Reddgletl976). As noted in section 6.3, it
appears that nitrobenzene metabolites formed bigbalkcreduction are involved in
methaemoglobin formation. After oral dosing of raith nitrobenzene, Levin & Dent (1982)
showed that the amount of the major reduced meatapehydroxyacetanilide, was reduced
by 94% in germ-free rats.

Furthermore, correlated with an increasainitro reductive metabolism of
[**C]nitrobenzene by the caecal contents of rats teifigd diets containing increasing
amounts of pectin, there was an increase in tHayadsi orally administered nitrobenzene to
induce methaemoglobinaemia (Goldstein et al., 1984a

These observations that germ-free rats appareathotidevelop methaemoglobinaemia when
intraperitoneally dosed with nitrobenzene and tit@bbenzene causes methaemoglobinaemia
in animals (and humans) by the oral, dermal andlaitonal routes seem to indicate the
following possibilities: 1) there may be extensargerohepatic recycling of absorbed
nitrobenzene, regardless of the route of exposli@\ing access by nitrobenzene to the gut
bacteria); 2) nitrobenzene may relatively free§nsfer across membranes and access gut
contents — note that even nitrobenzene vapoursrgadggnificant absorption through the
skin (see section 6.1.3); or 3) alternatively, ¢heray be sufficient systemic metabolism of
nitrobenzene to generate haemoglobin-reactive epelti this regard, the work of Levin &
Dent (1982) and others indicates that in rats tieeseme capacity for systemic oxidative and
reductive metabolism, even if gut bacterial redarcis the primaryn vivo step.

Apart from the work of Rickert et al. (1983) utiig bile duct cannulation following oral
dosing, there do not appear to be any bile duatwation experiments specifically designed
to look at the issue of enterohepatic cycling afafienzene after other routes of
administration. Rickert et al.’s (1983) data indechthat, after oral dosing at least, the extent
of enterohepatic cycling was limited. They suggeshat faecal radioactivity and reduced
metabolites (after both oral and intraperitoneaidg in Fischer-344 rats) entered the gut
during the distribution phase after administratiather than by biliary excretion or
incomplete absorption after oral administratiorhi§lsuggestion would support the second
possibility outlined in the previous paragraph.)

It appears that most extensive metabolic studigshaive been conducted on nitrobenzene
(which have been published) have utilized oral migsso it is not possible to make a back-to-
back comparison of quantitative and qualitativéedénces in nitrobenzene metabolism
depending on the absorption route. Rickert etl®88) noted little difference in the pattern of
excretion of total radioactivity after oral andraatenous dosing in CD rats, but there did not
appear to be data on comparative metabolism.
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Aniline originally was considered responsible fagthrmemoglobin formation following
nitrobenzene exposure. Although all is still notngetely understood, it appears that the
reactive intermediates in the nitrobenzene redogisthway, nitrosobenzene and
phenylhydroxylamine, may be involved in oxidatioeguction cycling with haemoglobin.
Both intermediates can produce methaemoglobirtheeior both are injectdd vivo (Kiese,
1966). It has also been suggested that oxidatireada to red blood cells may arise from
hydrogen peroxide formed as a result of "auto-diodéd of quinone intermediates suchmas
aminophenol. This is based on the fact framinophenol itself, givem vivo, produces
methaemoglobin (Kiese, 1966). In addition, supetexree radicals may be generated in a
futile reaction cycle during nitrobenzene metabol{see Figure 5 in chapter 6). The parent
nitro compound is regenerated in this redox cyel#) the only new products cycling being
expended NADPand superoxide anion radical (Levin & Dent, 198&)elation to the
damage that superoxide anions may cause, it is kitloat superoxide dismutase is, in
addition to methaemoglobin reductase, an impoganyme in the oxidant protection of
erythrocytes (Luke & Betton, 1987).

Catalase, the enzyme that catalyses the deconguosithydrogen peroxide, is inhibited in
red blood cells following the absorption of nitrolzene (Goldstein & Popovici, 1960) and
has been reported to be inhibited by very low catre¢ions of the nitrobenzene metabolites
hydroxylaminobenzene ampdaminophenol (De Bruin, 1976). With respect to sreying of
peroxides in biological systems, there are se\gughthione peroxidases that can scavenge
hydrogen peroxide and organic peroxides, substfateghich these enzymes have high
affinity. Catalase, on the other hand, can scavenggehydrogen peroxide, for which it has
low affinity. Nevertheless, in an vitro test system, a 20-200 times faster rate of hydroge
peroxide formation was needed to produce methaerhwgin normal red blood cell
suspensions than in suspensions of red bloodlaeksg catalase (De Bruin, 1976); thus,
inhibition of catalase in red blood cells by niteslzene may contribute to its potency in
causing methaemoglobin formation.

Data from Goldstein & Rickert (1985) showed thatobenzene did not increase
methaemoglobin formation when incubated with rexbtlcell suspensions prepared from
rats (Fischer-344 males). This was not due to ¢td¢kansfer across red blood cell
membranes, since radioactive nitrobenzene accuetliatthe same extent as or to a greater
extent tharo-, m andp-dinitrobenzene, compounds that did cause increased
methaemoglobin. This process was simple partitpnather than active transport, since
"uptake" was not affected by temperature and wasma within 1 min. Furthermore, there
was no methaemoglobin formation when nitrobenzea® incubated with haemolysates.

Results indicated that aniline, hydroxylaminobermgzemntrosobenzene and nitrobenzene are
all metabolizedn vivoto yield the same metabolite, most probably phgydidonitroxide
radicals (produced from the reaction of hydroxylanfienzene with oxyhaemoglobin), which
are responsible for the oxidation of thiols witind blood cells (Maples et al., 1990).

Anaemia is caused by methaemoglobin formation lteyed globin chains at sites of thiol-
containing amino acids, such as cysteine, and dylwod cell lysis.

7.9.2 Splenic toxicity

Splenic toxicity is related to erythrocyte toxigigince a primary function of the spleen is to
scavenge senescent or damaged red blood cellniSpépsular lesions were seen in rats and
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mice (e.g., Kligerman et al., 1983; Hamm et al84)9 splenic engorgement and increased
covalent binding of nitrobenzene in the spleenltdsam the haematotoxicity of the
compound and the resultant scavenging of damag#iarecytes (e.g., NTP, 1983a, 1983b;
Goldstein & Rickert, 1984). This is supported bg tbservation that splenic engorgement is
less apparent in mice than in rats, correlated diffierences in species susceptibility to
nitrobenzene-induced red blood cell damage (Galusteal., 1983b). The mechanism that
causes splenic capsular thickening may relateiscsttavenging and compensatory splenic
haematopoiesis.

Splenic injury may arise from the deposition of sias amounts of iron or other red blood
cell breakdown products in the spleen, or reactie¢abolites of nitrobenzene might be
delivered to the spleen, their subsequent reaatittnsplenic macromolecules causing organ
toxicity. Yet another feasible mechanism is theuatglation of red blood cell enzymes,
which could produce reactive intermediates fromobinzene already in splenic tissue (Bus,
1983). It is unlikely that splenic damage will oceuthout erythrocyte damage.

Similar splenic lesions have previously been ob=@wvith aniline and aniline-based dyes,
some of which produced splenic sarcomas in chroanicinogenicity studies in rats (Hazleton
Laboratories, 1982; see also section 7.10).

7.9.3 Renal toxicity

Differences in species and possibly strain susoiiptito the renal effects of nitrobenzene
exposure are apparent in toxicology. Observed &fiadaboratory animals have included
increased kidney weights, pigmentation of tubutathelial cells, hydropic degeneration of
the cortical tubules and hyaline nephrosis, andlsweof the glomeruli and tubular
epithelium. In short-term vapour inhalation studie€D and Fischer-344 rats, hydropic
degeneration of the cortical tubular cells was olestin CD rats (predominantly in females),
and hyaline nephrosis was seen only in Fischerr@#&4(predominantly in males). By the
same route, renal effects in B6G&kice included degenerative changes in tubulahejpim

of males, but neither hydropic degeneration ofdwical tubular cells nor hyaline nephrosis
was seen (see section 7.2.3).

It is possible that the hyaline nephrosis seenatemats is due to a mechanism involving
alpha,-globulin. A number of chemicals, including unleddgsoline, 2,2,4-
trimethylpentane, 1,4-dichlorobenzene aHdnonene, a natural product found in citrus oils,
have been found to cause kidney tumours specificaie rats by binding to a specific protein
in the proximal tubules of male rats, alphglobulin, leading to hyaline droplet accumulation
(Dietrich & Swenberg, 1991; Hard et al., 1993; Bwfi, 1999). This protein is not found in
female rats, mice or humans. It has been concl(®lgd US EPA, 1991; IARC, 1999) that
renal pathology and tumours involving alplhglobulin are specific to male rats and do not
contribute to the weight of evidence that a chehpoaes a carcinogenic hazard in humans.
However, hyaline droplet accumulation can also besponse to overload of other proteins in
the renal tubule, and adequate characterizatidgrdoky pathology is needed to help
differentiate alpha-globulin inducers (which are not relevant to hursancer risk
assessment) from chemicals that may produce ratfablogy and, possibly, tumours through
other means.

At this stage, it is not possible to conclude tiabbenzene causes nephropathy by an
alpha,-globulin mechanism, in view of the fact that thaitable toxicology studies,
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including the CIIT carcinogenicity study (studyrsea in 1983; see section 7.3), did not
report on all the criteria needed to distinguisk #pecific mechanism (US EPA, 1991; IARC,
1999). Another factor that makes it difficult tonge to a conclusion as to whether
nitrobenzene acts by this mechanism is the ladontordance in the kidney findings in male
rats of the F344 and Sprague-Dawley (CD) stramghé chronic inhalation study (section
7.3), eosinophilic droplets noted as sphericabtoplasmic inclusions within the proximal
convoluted tubules showed a concentration-relateidénce in male F344 rats (and were also
elevated in the high-dose female group), wheraadasifindings were not reported in male
Sprague-Dawley (CD) rats. Similarly, whereas nignabene at the high dose (130 m%)/m
caused kidney tubular hyperplasia and neoplasteshanmas and carcinomas) only in male,
and not female, Fischer F344 rats, neoplasias m@rseen in male Sprague-Dawley (CD)
rats; there may have been a marginal increasesimtidence of tubular hyperplasia at the
high dose (incidence of 5%, 1%, 7% and 9% at @65nd 130 mg/f respectively). For
those chemicals that have been shown to causeykidnmeurs by an alphaglobulin-
dependent mechanism, it is noted that males of Bisther-344 and Sprague-Dawley strains
show alpha,-globulin accumulation and protein droplet nephtbpan response (IARC,
1999). On the other hand, the finding that kidnefysitrobenzene-exposed B6G3fice
showed neither eosinophilic droplets nor tubulgrdrplasia and neoplasia is consistent with
the proposed alpbaglobulin mechanism.

7.9.4 Neurotoxicity

In acute (section 7.1) and subchronic studiesdemts (section 7.2), lesions in the brain stem
and cerebellum were the most life-threatening texiects seen. In severe
methaemoglobinaemia arising from extensive nitrabae poisoning, central nervous system
effects may be predicted on the basis of hypoxiaallt has also been hypothesized that
these lesions might represent a hepatic encephiblopacondary to the liver toxicity of
nitrobenzene (Bond et al., 1981). Other resultgesgthat it is possible that brain
parenchymal damage may have resulted from anoxigpwxia due to vascular damage or
decreased blood flow to affected areas (see settihn).

Another possible mechanism for the central nengyssem damage is the formation of
superoxide radicals or toxic hydroxyl radicals geted from hydrogen peroxide (see
discussion in section 7.9.1). Evidence has beencattito indicate that the ability of a related
compound, dinitrobenzene, to cause cell death yitro co-cultures of rat brain astrocytes
and brain capillary endothelial cells (a blood—braarrier model) is at least partly due to the
generation of hydroxyl radicals in the culture (Romet al., 1996).

7.9.5 Carcinogenicity

Nitrobenzene is carcinogenic in experimental angmalit apparently not via a genotoxic
mechanism. Several other mechanistic explanatiams heen put forward.

1) Oxidation mechanisms
Nitrobenzene is oxidized by various ring microsomajgenases to oxygenated ring forms,
including aminophenolic and nitrophenolic compou(ske Figure 3 in chapter 6) (Robinson

et al., 1951; Parke, 1956; Rickert et al., 1983jd@ion produces mostly-nitrophenol p-
aminophenol ang-hydroxyacetanilide metabolites in the excreta KPat956; Ikeda & Kita,
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1964; Rickert et al., 1983). Certain metabolitesraade more polar by metabolic sulfation,
acetylation or glucuronidation.

In tissues with sufficient oxygen, the nitroanioed radical can be oxidized by oxygen in a
"futile reaction," generating pernicious amountsisgue superoxide anions while
regenerating parent nitrobenzene (see Figure 4Rapter 6) (Mason & Holtzman, 1975b;
Sealy et al., 1978; Bus & Gibson, 1982; Levin etE82; Bus, 1983). This futile reaction
may account for a number of the toxic, carcinogacitons of nitrobenzene, based on a
sustainable pool of persistent nitroxide interm&diaand the known carcinogenic properties
of the superoxide anion radical (Flohé et al., 2988sh & Kensler, 1991; Guyton &
Kensler, 1993; Cerutti, 1994, Feig et al., 1994elar & Junod, 1996).

The elimination kinetics in urine of the nitrobeneemetabolitg-nitrophenol are slow,
suggesting that nitrobenzene is either recycldterbile or retained by other means
(Salmowa et al., 1963; Rickert, 1984). There iseexpental evidence that bile recycling may
not be significant, and Rickert (1987) suggested tihe retaining action may be the
"oxidation futile reaction,"” which may continuallggenerate nitrobenzene, thereby slowing
its net elimination from the body. This slow eliration characteristic of nitrobenzene may
account for some of its toxicity. The carcinogegiifects would increase with increased tissue
concentrations and the increased residence timgrobenzene (and its metabolites).

2) Reduction mechanisms

In the caecum, endogenous bacteria efficiently ednwrally ingested nitrobenzene to
reduced nitroxide intermediates. This reductioméchanistically a concerted two-electron
per step process from nitrobenzene to nitrosobentwephenylhydroxylamine to aniline (see
Figure 4A in chapter 6; Holder, 1999a). Whereas$ exposure results in the formation of
nitroxides in the caecum by bacterial nitroreduesashalation exposure produces nitroxides
in cellular microsomes (and possibly the mitochaadoy different nitroreductase enzymes
(Wheeler et al., 1975; Peterson et al., 1979; L&ident, 1982). Once nitrobenzene is orally
absorbed, the microsomal one-electron per stegtietuprocess produces reduced
nitroxides, with aniline being the final producttbht reduction sequence (see Figure 4B in
chapter 6). By the inhalation route, the enterduotion process should be largely bypassed,
and hence system microsomal reduction would beategd¢o be the predominant reduction
mechanism.

While the chemically reactive intermediates nitlesazene and phenylhydroxylamine are
produced in both reduction processes, only theetewtron per step reduction also produces
associated free radical intermediates — e.g., itih@amion free radical (see Figure 4B in
chapter 6) (Mason & Holtzman, 1975a; Mason, 198&)ereas only modest steady-state
levels of nitrosobenzene and phenylhydroxylamirtaadly occur in rat liver, as directly
measured by ESR, circulating red blood cells haysificant and stable specific ESR signals,
indicating persistent amounts of these two nitregi(Eyer et al., 1980; Blaauboer & Van
Holsteijn, 1983). Nitrosobenzene and phenylhydramyhe drive reactions forming
methaemoglobin and consuming NAD(P)H, thus maiirigia persistent redox couple,
nitrosobenzene and phenylhydroxylamine (see Figunechapter 6) (Eyer & Lierheimer,
1980). Hence, it may be concluded that frequentipénzene re-exposures, as in the chronic
rodent bioassay, tend to initiate and maintaincireding actions of the redox couple,
nitrosobenzene and phenylhydroxylamine. This redaitenance could also occur in
industrial exposures. The redox couple in red blogts constitutes an ongoing catalytic pool
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that resists nitrobenzene metabolic clearance aunldl @ffect many tissue types. This couple
is likely to contribute to the slow kinetic elimiti@n of nitrobenzene, in addition to the futile
reaction proposed by Rickert (1987). Because ttoelleition involves all tissues, the redox
couple — and its driving electronic action via freelical generation — probably accounts in
part for the pervasive and stable system toxi@tyup by nitrobenzene exposure. This
pervasiveness may explain why each of the thregepe the CIIT bioassay responded with
tumours at eight organ sites, at least at the Bigiveosure levels tested. By extension,
humans would also generate the redox couple ameftine would be likely to respond with
cancer if exposed in a manner analogous to thentede

Nitrosobenzene can bind glutathione to form a inetit stable circulating glutathione—
nitrosobenzene conjugate. Figure 5 in chapter §estg that this conjugate can translocate
throughout the body where it can 1) homeolyticalBave to form the reactive glutathiyl
radical; 2) undergo redox to form phenylhydroxylamjior 3) rearrange to form glutathione
sulfinamide, which in turn cleaves to produce aeil(Eyer, 1979; Eyer & Lierheimer, 1980;
Eyer & Ascherl, 1987; Maples et al., 1990).

3) Other metabolic considerations

Because of the ubiquity of the redox conditionsatdg of producing aminophenols,
nitrophenols, nitrosobenzene and phenylhydroxylanmnvarious organs, a variety of tissues
can be damaged. Because of translocation andddéeat chain reactions, this may not
necessarily be confined to tissues where the mitedbor free radicals were originally
produced. Specific toxicity profiles in differentgans depend on detoxifying enzyme levels
and many host- and tissue-specific factors, su¢theaaumber of endogenous free radical
producers, quenching agents, spin traps (agentgyas stabilizers) and carriers (agents
acting to transport free radicals) (Stier et @8Q; Keher, 1993; Gutteridge, 1995; Netke et
al., 1997).

Any aniline produced from nitrobenzene may serva psol to be later oxidized to reform

the nitroxide intermediates, which would furtheinferce the redox couple and resist
nitrobenzene metabolite clearance, hence contnigputi the slow elimination. Although
aniline is the final product of both reduction seqces, it is likely that the nitroxide
intermediates nitrosobenzene and phenylhydroxylaraimd their associated free radicals in
the one electron per step process (see Figure dBaipter 6) are the most chemically reactive
and hence the most likely cause of toxicity. Asratication of aniline’s reservoir activity,
aniline’s oxidation has been linked to lipid pemtedion (Stier et al., 1980; Khan et al., 1997).

Critical redox imbalances are likely to occur inigas cells in rodents and humans, and these
imbalances are, in part, clinically manifest byrasiderosis, methaemoglobinaemia,
anaemia, testicular atrophy and liver, spleen aathleffects at sufficiently high exposures.
At such exposures, nitrobenzene reduction and tgidarocesses are likely to cause redox
imbalances — at least for some tissues. Henc@hatrzene is likely to be toxic in a "context-
sensitive manner."” That is, where free radicalgaaly quenched or trapped and/or
oxygenated ring products are not conjugated andeitly eliminated, then there exist
conditions that may lead to chemical carcinogen@&ssed on sustained redox imbalances,
there may be thresholds for carcinogenicity in stisgies, while other tissues may not
exhibit a practical threshold. At the moment, bgzasdesign and the understanding of the
toxicokinetics of nitrobenzene preclude the detaation of whether a low-dose threshold
exists for the effects of nitrobenzene in any #ssu
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Nitrobenzene has structure—activity relationshigs wther aromatic nitro and amino
compounds that produce common reactive nitroxiterimediates — aromatic nitroso and
hydroxylamine compounds and their free radicalesEsimilarities relate to their
mutagenicity and metabolic imbalances, which cad ke cancer (Kiese, 1966; Miller, 1970;
Weisberger & Weisberger, 1973; Mason, 1982; Blaaul8oVan Holsteijn, 1983; Rickert,
1987; Rosenkranz, 1996; Verna et al., 1996). Nitnweatics are of concern as chemical
carcinogens because of their metabolic activatorarious environmental media (Miller,
1970; Rosenkranz & Mermelstein, 1983; Rickert, %840 occurrence in complex mixtures,
such as municipal waste incineration emissionsealliemissions, azo dyes and food
pyrolysates (King et al., 1988; Crebelli et al.9%29DeMarini et al., 1996). Other
carcinogenic nitroxide examples are the tobaccdymts 4-(methylnitrosoamino)-1-(3-
pyridyl)-1-butanone andl'-nitrosonornicotine, which are microsomally actec
intermediates of tobacco combustion (redox) ingretd, nicotine and related plant alkaloids
(Hecht et al., 1994; Staretz et al., 1997). Thasexides are linked to human lung, oral
cavity, oesophagus and pancreas cancers arisimgdirect and/or indirect sources such as
passive smoking (Hecht, 1996; Pryor, 1997). Frdecads are currently being analysed in
cigarette smoke, the toxicological activity of wiis noted to be dependent on host factors
such as vitamin concentrations, dietary lipids, smgeroxide dismutase, catalase and
cytochrome P-450 activities (Kodama et al., 199&sbt, 1997). It is likely that nitrobenzene
carcinogenicity is also dependent on these hottrimcWhether humans resolve the free
radicals better than, the same as or less efflgimn rodents remains to be demonstrated.

The NTP has bioassayed 16 nitroarenes for carcmage and 62.5% (10/16) of them are
positive in mouse and/or rat bioassays. Furthecgire—activity relationship analysis of NTP
data suggests that other functional groups, suchudtiple strong electron-withdrawing
groups, can suppress nitroarene carcinogenicitgrefbre, the mere presence of a nitro group
in a compound does not necessarily connote caremoiy (Rosenkranz & Mermelstein,
1983). A systematic study has been done on caataines that might produce nitroxide
intermediates. Eleven of the chosen amines werekrio be carcinogens, and eight were not
carcinogenic (Stier et al., 1980). These authopeementally found the characteristic
nitroxide ESR signal (stable free radicals) in 94Pthe carcinogenic amines, but only 25%
of the non-carcinogenic amines generated this bighé study suggests that those amines
that generate the nitroxide ESR signal in metabohave a tendency to be involved with
carcinogenesis. No analogous systematic study eecasdd for nitroarenes.

7.10 Toxicity of metabolites and interactions

7.10.1 Nitrophenol

A dose-dependent increase in the formation of nestiglobin was seen in cats after oral
exposure tm-nitrophenol and in rats after exposure by inhatatop-nitrophenol. After
repeated exposure penitrophenol by inhalation, the formation of methremglobin was
shown to be the most critical end-point, and @assumed to be a relevant end-point for oral
exposure too (IPCS, 2000).

In mice, the dermal application of 4-nitrophenal 78 weeks gave no indication of

carcinogenic effects. In another mouse study, whagth several limitations, no skin tumours
were noted after dermal applicationgsfor p-nitrophenol over 12 weeks (IPCS, 2000).
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For p-nitrophenol, the available data gave no evidericemroductive or developmental
toxicity effects after dermal or oral applicatianrats and mice. In an oral study with rats,
nitrophenol induced developmental effects in tHeping only at doses that also produced
maternal toxicity (IPCS, 2000).

7.10.2 Aniline

Aniline is formed in significant amounts from nitlenzene by bacterial reduction in the
intestines of animals and humans.

Mice given large doses of aniline showed signseofti@l nervous system toxicity, but only
relatively limited methaemoglobinaemia (see sectiénl).

Aniline hydrochloride was tested for carcinogeryidit experiments in mice and rats by oral
administration. No increase in tumour incidence wlaserved in mice. In rats, it produced
fibrosarcomas, sarcomas and haemangiosarcomas splen and peritoneal cavity (IARC,
1982). In several limited studies, largely negatesults were obtained following oral
administration to rats (IARC, 1982), after subcetauns injection in mice (IARC, 1982) and
hamsters (Hecht et al., 1983) and after singlep@ritoneal injection of mice (Delclos et al.,
1984).

There was no evidence of embryolethal or teratageifiects observed in the offspring of rats
administered aniline hydrochloride during gestati®igns of maternal toxicity included
methaemoglobinaemia, increased relative spleenhiyedgcreased red blood cell count and
haematological changes indicative of increased ha#mpoietic activity (Price et al., 1985).

7.10.3 Interactions with other chemicals

Synergism between orally administered nitrobenzamesix other common industrial
compounds (formalin, butylether, aniline, dioxaaegtone and carbon tetrachloride) was
demonstrated in rat studies using death as thgemd{(Smyth et al., 1969).

When alcohol was given orally and nitrobenzene giasn intravenously, there was
increased toxicity in rabbits. Alcohol also enhaht®e neural toxicity of nitrobenzene in
rabbits when nitrobenzene was applied to the Metgumaru & Yoshida, 1959).

8. EFFECTS ON HUMANS

8.1 Poisoning incidents

8.1.1 Oral exposure

There are a very large number of clinical repoftgasonings arising from ingestion of
nitrobenzene (Dodd, 1891; Hogarth, 1912; Zuccd4.9]1 Scott & Hanzlik, 1920; Wright-
Smith, 1929; Fullerton, 1930; Leader, 1932; Cat686; Wirtschafter & Wolpaw, 1944;
Chambers & O’Neill, 1945; Chapman & Fox, 1945; Nabal948; Parkes & Neill, 1953;
Myslak et al., 1971; Harrison, 1977; Schimelman etl&l78). In a literature review that was
by no means comprehensive, Von Oettingen (194tEdi$4 published case reports that
appeared between 1862 and 1936. One reason fdrighisncidence of poisonings arose
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from the fact that, following its discovery, nitfizene was thought to be a cheap substitute
for oil of bitter almonds and was used in perfurg( soaps) and in sweets; in many
countries, it was handled freely under the namlecfanirbane."”

The initial symptoms of nitrobenzene poisoning, ethinay be delayed for up to 12 h after
ingesting the poison, are those of gastric irgtatje.g., nausea and vomiting).
Methaemoglobinaemia, indicated by cyanosis, whsamarmally unaccompanied by
respiratory distress, usually develops in a fewrsoout in some cases it may be apparent
within an hour. In severe poisoning, usually swatidut rarely accidental, neurological
symptoms, namely progressive drowsiness and caad,tb death from respiratory failure, as
in the case discussed by Chambers & O’Neill (194Bese symptoms are ascribed to
cerebral anoxia as well as a possible direct adfantrobenzene on the nervous system. In
severe poisoning, after ingestion but not, as& @after inhalation, haemolytic anaemia may
also occur on or about the fifth day (Nabarro, 1948

Nitrobenzene has been ingested as an abortifaoielases of 15-100 g up to 400 g. In a
review by Spinner (1917), 7 of 16 women died anky @raborted; 1 recovered after
ingesting, it was claimed, 400 g of the poisona later review by Von Oettingen (1941),
many more literature reports of fatalities arisfrgm nitrobenzene’s use as a presumed
abortifacient were cited.

Several relatively recent reports of poisoning iy dral route are detailed below.

A 21-year-old man was thought to have taken ab6u#t@ ml of a nitrobenzene-containing
dye used in screen printing about 30 min beforeission to hospital. He was reported to
have peripheral and central cyanosis; pupils wereal size, heartbeat was 160 beats per
minute, blood pressure was 80/54 mmHg and respiratas 28 per minute. Blood samples
were dark brown. After 1 h of positive-pressuretitation, gastric lavage and intravenous
fluids, the patient became conscious and well tenwith a decrease in heart rate and an
increase in blood pressure. Serum methaemoglolsmviz® g/dl. A slow intravenous
infusion of ascorbic acid was started, and methg/ldne was injected intravenously; after 35
min, the colour of the patient changed dramatidabiyn brownish-blue to pink. After a
second injection of methylene blue and a transfusigpacked red blood cells,
methaemoglobin was 0.6 g/dl. A peripheral bloodammevealed evidence of haemolytic
anaemia, but there was no evidence of occult bilodlde urine. The patient was discharged
on the fifth day of admission (Kumar et al., 1990).

A 33-year-old man injected 4 ml of India ink intereedian cubital vein with suicidal intent.
He was hospitalized in good general condition Hitér the injection. Abnormal laboratory
test results were leukocytosis, a methaemoglobig lef 36.9% (normal range 1.5%) and a
free haemoglobin level of 74 nmol/litre (normal gan<25 nmol/litre). The presence of
nitrobenzene in blood and urine was demonstratdchvenous administration of vitamin C
and tolonium chloride plus forced diuresis ledndraprovement in cyanosis and a fall in the
methaemoglobin concentration. Repeated increagésg iconcentration of aminobenzene
were successfully treated by haemodialysis (Ewteat.£1998).

A review of published reports does not provide eogsistent indication of the likely acute
toxicity of nitrobenzene in humans. Some repon®reed recovery after massive doses of
nitrobenzene in amounts of as much as 400 g, whetbar studies indicated that
nitrobenzene is much more toxic (Dodd, 1891; Spinb@17; Walterskirchen, 1939;
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Wirtshafter & Wolpaw, 1944; Moeschlin, 1965). Vortngen (1941) cited results of
incidents in which oral intakes of about 4 ml calideaths, 8—15 drops caused toxic effects
and 20 drops were fatal. In a fairly detailed dalireport given by Moeschlin (1965), a 23-
year-old florist swallowed 1-2 ml of nitrobenzesegpended in a little water) to procure an
abortion and was at "the point of death" when atdaito hospital 3 h later. Polson &
Tattersall (1969) claimed that even 12 ml repoligdParkes & Neill (1953) was probably on
the high side; they claimed that a toxic dose efdider of 15 drops, as reported by Smith &
Fiddes (1955), was likely. The lethal dose has lmé&imed to be as little as 1 ml (Thienes &
Haley, 1955). A more recent detailed report molialy indicated that about 5—10 ml of
nitrobenzene (near 200 mg/kg of body weight) cdnddatal in the absence of medical
intervention (Mylak et al., 1971). M§tak et al. (1971) estimated that, following ingestdf
about 4.3-11 g of nitrobenzene, the initial leiaine@thaemoglobin was 82% at about 90 min
after ingestion, accompanied by severe symptorokjding unconciousness, cyanosis,
circulatory insufficiency and rapid and shallow ddireng.

8.1.2 Dermal exposure

Cases of severe and nearly lethal toxic effects atrmal exposure to aniline-based dyes
were reported as early as 1886; the incident ire@l0 infants in a maternity ward exposed
to dye-stamped diapers (Gosselin et al., 1984)w8at 1886 and 1959, there were numerous
further reports of babies with a cyanotic syndrarsing from the use of laundered hospital
diapers freshly stamped with an identifying marigsnk dissolved in aniline or
nitrobenzene; the most recent published observafiam outbreak of methaemoglobinaemia
in a number of babies was by Ramsay & Harvey (1959)

The other common dermal poisonings arose in penseasing freshly dyed shoes. The
resulting condition was often termed "nitrobenzpoisoning,” even though exposures may
have been to nitrobenzene or aniline (Von Oettindg®A1; Gosselin et al., 1984). A
poisoning episode involving 17 men at a US armygaras traced to the wearing of newly
dyed shoes or puttees; the shoe dye containederneene (Stifel, 1919). The soldiers
experienced headache, nausea, dizziness and geradaze and were cyanosed. Cyanosis
and ill-effects of nitrobenzene, including methagibinaemia, were also demonstrated
when two volunteer soldiers wore boots that had Isagurated with a nitrobenzene-
containing dye for 6 h.

Nine cases of poisoning by shoe dye were reporgdduehlberger (1925). Here, also,
cyanosis of sudden onset was the outstanding &eakhe poisoning was ascribed to aniline
solvent in six cases, nitrobenzene in the remainder

Poisonings including fatalities have also occumdn nitrobenzene was spilt on clothing

(Stifel, 1919); most such reports indicate tha @bsorbed with great rapidity and can rapidly
cause severe intoxication (Moeschlin, 1965).

8.1.3 Inhalation exposure
No reports of fatalities after exposure to nitrabeme by inhalation were retrieved, but

poisoning by inhalation can be severe (Simpson519Bhildren may be particularly
susceptible to poisoning by inhalation.
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Twins aged 3 weeks slept on a mattress that hadtbested with a disinfectant intended to

kill bed bugs. The fluid had been applied onlyhie edges of the mattress but was sufficient
to produce an odour that had given the mother tem&e headache half an hour before putting
the babies to bed for 11 h. The bodies of the isfarere not in contact with the poison. The
next morning both had lead-coloured fingernails to@hails and were of ashen hue. It was
subsequently shown that the disinfectant contamiedbenzene. Blood analysis showed the
presence of methaemoglobin. They recovered aftastahdays (Stevens, 1928).

Zeligs (1929) described the case of a 2-month-bildl evho was put to sleep in a crib several
feet away from the mother’s bed, the mattress atlwhad been treated with nitrobenzene for
bed bugs. Within an hour, the child became bluecaad all night. Next morning, the
cyanosis had deepened and she vomited. There \wgdeate recovery after 4 days.

Sanders (1920) reported poisoning of a man (maciadosis) who wore newly dyed shoes
when visiting a theatre for the afternoon, whereaditein an ill-ventilated place; the report did
not rule out direct dermal absorption of nitrobaredn addition to the inhalation exposure.
Several other anecdotal reports even include fidlee$ from the vapours arising from the use
of "almond"-glycerine soap in a warm bath.

8.2 Occupational exposure

Von Oettingen (1941) listed 14 reports publishetiveen 1862 and 1939 regarding industrial
poisonings, stating that there were many otherrte@s well. More than 50% of the workers
of a nitrobenzene plant reported spells of cyan@€i%o showed pallor and subicteric
coloration, 33% suffered from abnormal congestibthe pharynx and 45% experienced
intermittent headache (Heim de Balsac et al., 1930)

Severe methaemoglobinaemia was reported in a 47eyg@avoman who was occupationally
exposed to nitrobenzene at unmeasured levels fordiiths (lkeda & Kita, 1964). She was
involved in painting lids of pans with a paint tltaintained nitrobenzene as a solvent (99.7%
of the distillate from the paint). Since the poisgnarose after the workshop was remodelled
and the ventilation became rather poor, it appéatsthe main route of exposure was via
inhalation. Hepatic effects were evidenced by du that the liver was enlarged and tender
and the results of liver function tests were abrairihe spleen was enlarged and tender.
Neurological effects included headache, nausefigeeconfusion and hyperalgesia to
pinprick. Absorption of nitrobenzene was shown iy dletection op-nitrophenol angh-
aminophenol in the urine.

Rejsek (1947) briefly reported that cyanotic woskemployed in factories producing aniline
and nitrobenzene, became more cyanotic and/oefhihexposed to bright sunlight. No
reason for this observation was given.

Flury & Zernik (1931) compiled data on the toxiergytoms produced in humans by various
concentrations of nitrobenzene vapour in air (Tdl5le

Table 15. Toxicity of nitrobenzene vapours for humas

Reported findings Concentration in air
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mg/litre ppm
Slight symptoms after several hours’ exposure Q4-0 40-80

Maximum amount that can be inhaled for 1 h withautl.O 200
serious disturbances

Tolerated for 6 h without material symptoms 0.3-0.5 60-100
Tolerated for 0.5-1 h without immediate or late 1.0-1.5 200-300
effects

& Compiled by Flury & Zernik (1931).

b Approximate values only. 1 ppm = 5.12 md/m

Pacséri et al. (1958) investigated possible cdiozla between exposure and clinical signs
and/or clinical biochemistry changes in workers ifactory in which nitrobenzene and
dinitrochlorobenzene were produced; the range iy daerage air concentrations of
nitrobenzene was 15-29 mg/fmean 20 mg/f). No anaemia was seen, but it was stated that
workers showed increased methaemoglobin levelgrantbrmation of Heinz bodies. In
workers exposed to nitrobenzene and related aromito compounds, a mean value for
methaemoglobin was 0.61 g/100 ml; with the metheetuthe upper reference limit for non-
exposed people was 0.5 g/100 ml. For 2.8% of thekeve, Heinz body formation was above
1%. Concentrations of nitrobenzene as high as 1§éfrhad been measured in 1952 in the
same plant. At this earlier time, cases of anaeméa"intoxication” of workers had been
reported.

Harmer et al. (1989) studied eight process opesatoan anthraquinone plant in the United
Kingdom. The workers operated on a 12-h shift sgsteith 3 days on and 3 days off. Blood
was sampled on "pre-shift day 1 and post-shift3lafpr nitrobenzene and methaemoglobin
measurement. Urine samples were collected pre<iftay 1, at end-of-shift on days 1, 2
and 3, on awakening on day 4 (i.e., first rest @dang on return to work, pre-shift on dayoi,
m- andp-nitrophenol were measured by HPLC. Atmospherimbi#nzene levels over an 8-h
period were measured by GC and ranged from ab@ub®.2 mg/m. Small amounts of
unchanged nitrobenzene were detected in bloodeashpft on day 1 (ranging from 0 to 52
pg/litre) and post-shift on day 3 (ranging fromta@.10 pg/litre), indicating some
accumulation of nitrobenzene in the body. Methadoing levels were all below 2%, with no
clear correlation with blood nitrobenzene levelsndry p-nitrophenol tended to increase
over the 3-day shift period (ranged between abduafd 5.4 mg/litre), although there did not
appear to be much correlation with atmospheric entrations of nitrobenzene. Urinary
ando-nitrophenols were "detected.” No toxic signs anptjoms were reported.

8.3 Haematological effects

When nitrobenzene is ingested, the outstandingsysteffect is methaemoglobin formation.
A latency period (after ingestion and before amgysior symptoms occur) can be as short as
30 min or as long as 12 h. Usually, the higherdibge, the shorter the latency period (WHO,
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1986). Similarly, methaemoglobinaemia is the preidamt effect of dermal and inhalational
absorption of nitrobenzene.

Methaemoglobin is not capable of binding oxygenniormal gas transport. This hypoxia is
generally associated with fatigue, weakness, dyspneeadache and dizziness. A given level
of methaemoglobin produces a more severe impairofgueripheral oxygen transport than
an equivalent true anaemia, because a smaller pimpof blood oxygen is released from the
residual oxyhaemoglobin in tissue capillaries (®@be<t al., 1984). Even under normal
conditions, some methaemoglobin is formed (1-4%)l@sd is oxygenated in the lungs
(Fischbach, 1996).

At 15-20% methaemoglobin in the blood, a distin@tnosis or slate-blue coloration is noted,
whereas at 30-50% levels, the patient becomes synapic, with lethargy, vertigo, headache
and weakness; there is moderate depression oatdeeascular and central nervous
systems, manifest as stupor, tachycardia, hypaerasid respiratory depression. At greater
than 60%, stupor and respiratory depression ogduch require immediate treatment
(Schimelman et al., 1978).

In normal individuals, methaemoglobin is reducedN#ADH-dependent methaemoglobin
reductase, but two other pathways are involvedidtathione reductase reduces oxidized
glutathione to glutathione, which removes oxidaraigable of reacting with haemoglobin to
produce methaemoglobin; and 2) NADPH reacts witthamamoglobin in the presence of
NADPH-dependent methaemoglobin reductase and atoof form haemoglobin. Low
concentrations of methylene blue substitute forctbfactor, greatly increasing the activity of
the pathway (Schimelman et al., 1978). Methylene béduces the half-life of
methaemoglobin from 15-20 h to 40—90 min, acting asfactor to increase the erythrocytic
production of methaemoglobin to oxyhaemoglobirhia presence of NADPH, generated by
the hexose monophosphate shunt pathway; the mathilae is oxidized to leukomethylene
blue, which is the electron donor molecule for tlo@-enzymatic reduction of
methaemoglobin to oxyhaemoglobin (Kumar et al., Q)99

In severe poisoning after ingestion, haemolyticeama may also occur on or about the fifth
day. Its severity does not normally call for bldoahsfusion (Nabarro, 1948). In nitrobenzene
poisoning, Heinz bodies are seen, as well as degemg and regenerating forms of red blood
cells, characterized by poikilocytosis and anisosig, many reticulocytes, polychromasia and
many nucleated erythrocytes (Von Oettingen, 194\idet al., 1965; Moeschlin, 1965).

Methaemoglobinaemia may be associated with sulfbghinaemia, arising as a result of
interaction of sulfhydryl compounds with methaenotgh (Von Oettingen, 1941); unlike
methaemoglobin, sulfhaemoglobin formation is thdugtbe irreversible. In fatal poisoning
cases, hyperplasia of the bone marrow has beenedg@uccola, 1919).

In acute nitrobenzene poisoning, an increase imtimeber of leukocytes has been reported,
with a relative lymphopenia (e.g., Von Oettinge®41; Parkes & Neill, 1953); in a protracted
poisoning case, Carter (1936) reported leukopé@ivastudies were located regarding
immunological effects in humans after oral, derorahhalational exposure to nitrobenzene.

A general reduction in prothrombin activity, fibogen content, Factor VII and

hyperfibrinolysis has been found in industrial wenk after prolonged exposure (De Bruin,
1976).
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Methaemoglobinaemia and haemolysis may lead tagntaof the spleen (lkeda & Kita,
1964).

8.4 Hepatic effects

Liver effects — i.e., low total plasma proteinshmihcreased albumin/globulin ratio, a
decrease in cholesterol esters and slight butfgignt bromosulfophthalein retention — were
seen in a man who drank 15 ml of black laundry nmarink and 15 ml of denatured alcohol.
These effects were ascribed to the nitrobenzemesbin the ink (Wirtschafter & Wolpaw,
1944). The liver was enlarged and tender, anddbelts of liver function tests were abnormal
(marked retention of bromosulfophthalein, slighdrease in icterus index and indirect
bilirubin) in a woman who was occupationally expbs$e nitrobenzene vapour for 17 months
(exposure levels not measured or estimated) (Ikekda, 1964). In the case of an attempted
suicide reported by Parkes & Neill (1953) (seeisad.1.1) in which about 12 ml of
nitrobenzene were ingested, excessive amino-aeithaticated liver damage. Liver atrophy,
with parenchymatous degenerative and necrotic foay be a sequela of severe poisoning
(Von Oettingen, 1941).

8.5 Renal effects

Nitrobenzene poisoning may be associated with teanp@nuria. When fatalities arise
following extensive exposure, kidneys have beeontep to show "cloudy swelling,"
parenchymatous degeneration and necrotic areas@étimgen, 1941).

8.6 Neurological effects

Neurological effects following nitrobenzene ingestby humans have been reported as
headache, nausea, vertigo, confusion, unconscissisapnoea and coma (Leader, 1932,
Carter, 1936; M$lak et al., 1971), as well as visual disturbanoediiced reflexes, spastic
conditions, possibly even resulting in opisthotqritemors, twitching and convulsions (Von
Oettingen, 1941). Neurological effects were alsedan a woman who was exposed to
nitrobenzene vapours for 17 months at an unknoyosxe level (lkeda & Kita, 1964).

In severe poisoning, progressive drowsiness, cardalaath from respiratory failure have
been described (Chambers & O’Neill, 1945). Theeltadymptoms are ascribed to cerebral
anoxia as well as a possible direct action of b#ér@ene on the nervous system. Oedema and
hyperaemia of the meninges have been reporteccedpsy of fatal cases (Von Oettingen,
1941). If cerebral anoxia is not promptly relievétere is a risk of permanent damage of the
basal ganglia (Adler, 1934; Locket, 1957). Permaneiong-term effects described include
mental deterioration, rigour, catatonia and micapdpa, restlessness and hyperkinesis,
forgetfulness and memory disturbances (Grafe & Hangér, 1914; Von Oettingen, 1941;
Moeschlin, 1965).

8.7 Other effects

No studies were located regarding possible careinieg genotoxic or developmental effects
of nitrobenzene in humans.
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8.8 Subpopulations at special risk

Infants are especially vulnerable to methaemoghkmmia because of the following factors
(Von Oettingen, 1941; Goldstein et al., 1969):

Fetal haemoglobin, which constitutes a proportibthe blood for some time after birth, is
more prone to conversion to methaemoglobin thaalidt haemoglobin.

Because of a deficiency in the enzyme glucose-&pihate dehydrogenase in blood, infants
are less able than older children and adults toae@dny methaemoglobin that might be
formed in the blood back to haemoglobin.

In hereditary methaemoglobinaemia, the enzyme NAmdthaemoglobin reductase is
deficient, and persons are hypersensitive to ahgtances such as nitrite or aniline and
aniline derivatives capable of producing methaemlngbemia (Goldstein et al., 1969). The
trait is inherited as an autosomal recessive allbles, homozygotes may exhibit the trait,
which is ordinarily detected by the presence ohogas at birth. Such individuals would be
extremely sensitive to the effects of nitrobenzesa;e they commonly exhibit levels of 10—
50% methaemoglobinaemia. Although heterozygouwiddals have no cyanosis, they are
highly susceptible to oxidizing agents (EllenhorBé&rceloux, 1988).

Genetically altered haemoglobins may confer abnbseasitivity to compounds that cause
methaemoglobinaemia, even though the normal reduptiocesses are operative. Thus,
haemoglobin H, which consists of fggichains instead of the usual tatpha and twop-
subunits, is unusually sensitive to oxidation, arethaemoglobin accumulates in the older
red blood cells, which become more susceptiblgdis| Haemoglobin M and haemoglobin S
are susceptible variants that differ from normarhaglobin A in that one or more amino acid
residues have been replaced in the subunit ch@iolsigtein et al., 1969).

Several genetic variants of favism, leading to erelesed activity of the enzyme glucose-6-
phosphate dehydrogenase, are known (Goldstein é19&l9). This defect is ordinarily

without adverse effects, and it is only when theséviduals are challenged with compounds
that oxidatively stress erythrocytes (e.g., primaguthat there is a haemolytic response.
Reactors to primaquine (and fava beans) have fgemtedly found predominantly among
groups that live in or trace their ancestry to matayperendemic areas such as the
Mediterranean region or Africa. The incidence aiffiaquine sensitivity" among Kurds, a
Middle Eastern population, is 53%. Among blackshi@ USA, the incidence is 13%.
Individuals exhibiting such sensitivity would bepexted to be more vulnerable to the effects
of nitrobenzene (Von Oettingen, 1941; Gosselin.etl884).

The mild analgesic and antipyretic agents acetindind phenacetin (now no longer used)
can be metabolized to a minor extent by deacetylatiielding aniline derivatives that may
form hydroxylaminobenzene and nitrosobenzene, comg®that can produce
methaemoglobin. Large and/or prolonged doses aigutetin and acetanilide have been
shown to cause extensive methaemoglobin forma@Gamtér, 1936; Goldstein et al., 1969).
While paracetamol (acetaminophen), a widely useiggetic analgesic, is a major

metabolite of these two compounds, there is noemad that methaemoglobinaemia is a side-
effect of excessive paracetamol dosing (Dukes, 1$8% thus its consumption is not likely

to be a risk factor for workers or others with gogential for significant exposure to
nitrobenzene.
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Sulfonamide drugs, some of which are still usedrasinfective drugs, have been reported to
be able to cause methaemoglobinaemia (Goldsteih, 1969), as have the antimalarial drugs
primaquine and its 8-aminoquinoline congeners (Buk&92); their use could possibly be a
risk factor for anyone with the potential for sificeant exposure to nitrobenzene.

Although the mechanism is not clear, a number péms indicate that alcohol intensifies the
methaemoglobinaemia (Gosselin et al., 1984) aner atxic symptoms (Von Oettingen,
1941) induced by nitrobenzene and aniline.

The employment of individuals with a predisposittormethaemoglobinaemia in industries

manufacturing or using nitrobenzene and relatedpoamds is of concern, since exposure to
such compounds could put these individuals at(tiskch, 1974).

9. EFFECTS ON OTHER ORGANISMS IN THE
LABORATORY AND FIELD

9.1 Microorganisms

9.1.1 Toxicity to bacteria

The acute toxicity of nitrobenzene to the bact¥ilaio fischeri(formerly Photobacterium
phosphoreum(Microtox) andPseudomonas putida given in Table 16. There was little
variation in toxicity toVibrio fischeriover 5- to 30-min exposures.

Table 16. Toxicity of nitrobenzene to bacteria

Bacteria Effect parameter Exposure | Test Concentration | Reference
duration end- (mgl/litre)
(min) point
Vibrio fischeri Luminescence inhibition| 15 ECs 17.8 Deneer et al., 1989
Luminescence inhibition| 5 ECs 28.2 Kaiser & Palabrica,
1991
Luminescence inhibition| 15 ECs 29.5 Kaiser & Palabrica,
1991
Luminescence inhibition| 30 ECs 34.7 Kaiser & Ribo, 1985
Pseudomonas | Cell multiplication 960 LOEC 7 Bringmann & Kiihn,
putida inhibition 1980

Blum & Speece (1991) studied the effect of nitrateere on bacterial populations. The
inhibition of ammonia consumption was used as theron for Nitrosomonaswith an EGp
of 0.92 mg/litre. Inhibition of oxygen uptake wased as the criterion for aerobic
heterotrophs, with an Egof 370 mg/litre. In anaerobic toxicity tests, thhibition of gas
production was used as the criterion for methansgsith an EG, of 13 mg/litre reported for
nitrobenzene.
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Yoshioka et al. (1986) studied the toxicity of alienzene in the OECD activated sludge
respiration inhibition test. The 3-h E@Gvas 100 mg/litre. Using a modified OECD activated
sludge respiration test with lower cell densitiad aubstrate concentrations, Volskay &
Grady (1988) found a 30-min EBg&of 320 mg/litre for nitrobenzene. Sealed vessaswsed
to overcome the problems of losses of volatile conmals.

9.1.2 Toxicity to protozoa

Bringmann & Kihn (1980) reported a toxic thresh@ld-observed-effect concentration, or
NOEC) for nitrobenzene of 1.9 mg/litre over a 7&$t period, based upon cell multiplication
using the protozoaBntosiphon sulcatum

Yoshioka et al. (1985) exposed the freshwater paanTetrahymena pyriformi
nitrobenzene. A 24-h EG based on growth rate, was 98 mg/litre. Schultd.gt1989)
reported a 48-h Ef, based on growth rate, of 106 mg/litre using dr@e species.

9.1.3 Toxicity to fungi

Gershon et al. (1971) studied the toxicity of riazene to a variety of fungi. Nitrobenzene
showed fungistatic activity thlyrothecium verrucariat 0.9 mg/litre andrichophyton
mentagrophyteat 0.5 mg/litre. FoAspergillus nigerAspergillus oryzaandTrichoderma
viride, there was no fungistatic effect at nitrobenzesecentrations of up to 1 mg/litre.

9.2 Aquatic organisms

Nitrobenzene is moderately toxic to microalgaegen@brates, amphibians and fish. Most
studies have investigated the toxicity of nitrobeEmez to freshwater biota, with few data
available for marine/ estuarine species. It shbelshoted that many studies carried out prior
to 1985 did not incorporate adequate quality assa@@rocedures such as the use of criteria
for test acceptability, reference toxicants andewgtiality monitoring (including the
measurement of nitrobenzene) throughout the t€btxefore, the data reported on the
aguatic toxicity of nitrobenzene should be intetpdewith caution.

9.2.1 Toxicity to algae

Toxicity of nitrobenzene to freshwater and maririeroalgae is shown in Table 17. Based on
inhibition of growth, reported 96-h Egvalues range from 17.8 to 43 mg/litre for freshavat
algae. The only marine alga studi&k¢letonema costatiinvas more sensitive to
nitrobenzene, with a 96-h Bgof 9.7 mg/litre.

Table 17. Toxicity of nitrobenzene to microalgae

Alga Effect Exposure | Test end-point| Concentration | Reference
parameter duration (mgl/litre)
(h)
Blue-green
Microcystis Growth 192 LOEC 1.9 Bringmann & Kiihn,
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aeruginosa inhibition 1978
Green
Chlorella Growth 72 ECs 28 (23-36) Ramos et al., 1999
pyrenoidosa inhibition
Growth 72 LOEC 16 Ramos et al., 1999
inhibition
Growth 72 NOEC 9.2 Ramos et al., 1999
inhibition
Growth (cell 96 ECs 17.8 Deneer et al., 1989
yield)
inhibition
Scenedesmus Growth 96 ECs 40 Bringmann & Kiihn,
guadricauda inhibition 1959
Growth 192 LOEC 33 Bringmann and Kihn,
inhibition 1980
Selenastrum Growth 96 ECso 24 (9-39) Bollman et al., 1990
capricornutum inhibition
Growth (cell 96 ECs 43 US EPA, 1980
yield)
inhibition
Diatom
Skeletonema Growth 96 ECs 9.7 US EPA, 1980
costaturf inhibition

a

b

Marine alga.

95% confidence interval.

9.2.2 Toxicity to invertebrates

Table 18 summarizes the acute and chronic toxagityitrobenzene to aquatic invertebrates.
For freshwater invertebrates, 24- to 48-hs¢-@alues for nitrobenzene ranged from 24
mg/litre for the water fleafaphnia magnato 140 mg/litre for the snaiLymnaea stagnal)s
The flatworm Dugeis japonicawas most sensitive, with a 168-h 4,©f 2 mg/litre. The only

marine species tested was the mysid shriktys{dopsis bahig which was more sensitive
than the freshwater species (96-hsp.Gf 6.7 mg/litre).

Table 18. Toxicity of nitrobenzene to aquatic inveiebrates

Organism Age | Temper- | Hardness | pH Effect Exposure | Test Concentration| Reference
(h) ature (mg parameter duration | end- (mg/litre)
(°C) CaCq/ (days) point
litre)
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Mysid
shrimg
Mysidopsis
bahia

Water flea
Ceriodaphnia
dubia

Water flea
Daphnia
magna

Snalil
Lymnaea
stagnalis

<24

<24

<24

<24

21-23

24-26

24-26

21-23

20

24-26

173

173

200

7.4—
9.4

7.4—
9.4

8.4

Mortality

Mortality

Mortality

Mortality

Immobilization

Immobilization

Mortality

Mortality

Mortality

Immobilization

Immobilization

Mortality

Reproduction

Reproduction

Mortality

Mortality

14

21

2,3 and

LCs

LCso

LCso

LCs

EGso

NOEC

LCso

LCso

LCs

EGso

EGso

NOEC

NS

NOEC

LCso

LCso

6.7

54

50

24

(19-30)

60

19

27

(22-32)

62

33

(18-56)

35

33

0.46

12

2.6

116

(98-139)

64.5

116

US EPA,
1980

Marchini et
al., 1993

Bringmann
& Kihn,
1982

LeBlanc,
1980

Kihn et al.,
1989

Kihn et al.,
1989

LeBlanc,
1980

Canton et ¢
1985

Maas-
Diepeveen
Van
Leeuwen,
1986

Canton et ¢
1985

Deneer et ¢
1989

LeBlanc,
1980

Hattori et a
1984

Kihn et al,
1989

Ramos et ¢
1998

Ramos et ¢
1998



Mortality 2 LCso 140 Canton et ¢

1985
Flatworm Growth 7 ECs 1.5 Yoshioka e
Dugesis inhibition al., 1986
japonica
Mortality 7 LCso 2 Yoshioka e
al., 1986
Midge Culex Mortality 2 LCso 70 Canton et ¢
pipiens 1985
& Marine species.
b Not specified.
In long-term toxicity tests (20 days) usibgphnia magnaCanton et al. (1985) reported 20-
day values as follows: the kgwas 34 mg/litre, the Efgbased on reproduction was 10
mg/litre, and the NOEC was 1.9 mg/litre. Similafeneer et al. (1989) found a 21-daysEC
(based on immobilization iDaphnia magngato be 24 mg/litre. The lowest concentration
tested that significantly decreased the lengtihefdaphnids was reported to be 17.8 mg/litre.
The reproductive toxicity of nitrobenzene in thetevdlea Daphnia magnawas dependent
on exposure duration, with NOEC values decreasmg fLl2 to 2.6 mg/litre over a 14- to 21-
day exposure (Hattori et al., 1984; Kihn et al89)9
9.2.3 Toxicity to fish
Table 19 summarizes the acute toxicity of nitrolegrezto fish. The 96-h Lfgvalues for
nitrobenzene ranged from 24 mg/litre for medaReytias latipesto 142 mg/litre for guppy
(Poecilia reticulatd. One study (Yoshioka et al., 1986) reported thatlaka were
particularly sensitive, with a 48-h sgof 1.8 mg/litre.
Table 19. Acute toxicity of nitrobenzene to fish
Organism Sizelage Temper- | Hardness | pH Effect Exposure | Test Concen- Refert
ature (mg parameter | duration end- tration
(°C) CaCq/ (days) point (mgl/litre)
litre)
Golden orfe Mortality 2 LCso 60-89 Juhnk
Leuciscus idus Luder
melanotus 1978
Bluegill 0.32-1.2g | 21-23 32-48 6.7-7.7 | Mortality | 1 LCxp 135 Bucce
Lepomis etal.,
macrochirus
0.32-1.2g | 21-23 32-48 6.7-7.7 | Mortality | 4 LCso 43 Buccs
(36-49% etal.,
Fathead Larvaé 24-26 Mortality | 4 LCso 44 Marct
minnow al., 1¢
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Pimephales
promelas

Sheepshead
minnow
Cyprinodon
variegatus

GuppyPoecilia
reticulata

160 md

160 mg

160 md

160 md

30-35
day$

Larvaé
(<24 h)

Larvaé
(<24 h)

Larvaé
(<24 h)

Larvaé
(<24 h)

Larvaé
(<24 h)
8-15 mm

8-15 mm

8-15 mm

23-26

23-26

23-26

23-26

25

25

25

25

25

25

25-31

25-31

25-31

44.9

44.9

44.9

44.9

44

46

46

46

46

46

10-31

10-31

10-31

6.9-7.7

6.9-7.7

6.9-7.7

6.9-7.7

7.3

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

Growth

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

1,2and 3

14

LCso

LCso

LCso

LCso

LCso

LCso

LCso

LCso

LOEC

NOEC

LOEC

LCso

LCso

NOEC

LCso

LCso

LCso

163

156
(144
170)

127

117

119

119
(107-
133)

44
(41-48)

39

(36-42)

61

38

<10

>120

59

(47-69)

22

142

135
(121~
150)

118

Holco
et al.,

Holco
etal.,

Holco
etal.,

Holco
etal.,

Schul
al., 19

Geige
al., 1¢

Marck
al., 19

Marck
a., 19

Marckt
al., 19

Marck
al., 19

Marckt
al., 19

Heitm
etal.,

Heitm
etal.,

Heitm
etal.,

Canto
al., 19

Ramo
al., 19

Maas-
Diepe
& Var
Leeuv



Medaka 0.2g 25 Mortality | 2 LCsq 20
Oryzias latipes

0.2g 25 Mortality | 4 LCsq 24
Mortality 2 LCsyo 1.8
Zebra fish 7.5 Mortality | 4 LCso 113

Brachydanio
rerio

a 95% confidence interval.

b Flow-through tests (all others were static tests).

Little information was available on long-term effeof nitrobenzene. Canton et al. (1985)
reported an acute 18-day ¢f3or nitrobenzene for medak®iyzias latipeyto be 24 mg/litre.
The NOEC, based on mortality and behaviour, wasng#itre.

Black et al. (1982) exposed rainbow tro@incorhynchus mykisembryo-larval stages
(subchronic tests) from fertilization to 4 days tplatching to nitrobenzene under flow-
through conditions; total exposure time was 27 dAyside range of concentrations was used
in the test — 0.001, 0.01, 0.12, 0.36, 0.91 an@ frg/litre. An LG, of 0.002 mg/litre for
nitrobenzene was reported at the time of hatchmbed 4 days post-hatching. However, there
is doubt about the validity of this figure, becagsacentrations below 0.12 mg/litre were
nominal values.

9.2.4 Toxicity to amphibians

Canton et al. (1985) reported a 48-hsb.€@r nitrobenzene in the South African clawed toad
(Xenopus laev)sof 121 mg/litre and a 48-h Eg; based on mortality and behaviour, of 54
mg/litre.

Black et al. (1982) exposed the leopard frRgrfa pipiensto nitrobenzene from fertilization
to 4 days post-hatching. Total exposure time wday®. A wide range of exposure
concentrations was used — 0.001, 0.01, 0.05, 0.2Q,and 1.27 mg/litre, with the

concentrations below 0.10 mg/litre being nomindliga. The LGy, based on mortality at the
time of hatching, was reported as >1.27 mg/litre] at 4 days post-hatching, as 0.64 mg/litre.

9.3 Terrestrial organisms

9.3.1 Toxicity to plants

Fletcher et al. (1990) studied the effect of nisobene on soybeaGlycine makplants. The
roots of the plant were exposed to a hydroponist&ni containing“C-labelled nitrobenzene
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1986;
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Yoshi
etal.,
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at 0.02-100 pg/litre for a 72-h exposure perioce ¢hemical concentration in the solution
was monitored, and the photosynthetic and transmiraates were measured. The plants were
dissected into roots and shoots and analysetf@olabel and for nitrobenzene. There was no
effect on transpiration or photosynthesis at tlyhést concentration tested (100 pg/litre),
although root growth was inhibited.

9.3.2 Toxicity to earthworms

Neuhauser et al. (1985, 1986) studied the toxwmlityrganic compounds to the earthworm
(Eisenia foetidg exposed via filter paper in glass vials in a@&ntact test. A 48-h Lfg of
16 g/cnf filter paper was reported. Nitrobenzene was diassas very toxic to earthworms.

10. EVALUATION OF HUMAN HEALTH RISKS AND
EFFECTS ON THE ENVIRONMENT

10.1 Evaluation of human health risks

10.1.1 Human exposure
10.1.1.1 General population exposure

General population exposure to nitrobenzene cartrfesm releases to air and wastewater
from industrial sources and from the presence toblpénzene as an air pollutant in ambient
air, especially in urban areas in summer. Populatiwing in the vicinity of manufacturing
activities involving nitrobenzene may receive siigaint exposure via ambient air. The
occurrence of nitrobenzene in drinking-water isagtient but possible following releases to
water and soil. Occurrence in foods has not begorted. High concentrations are not likely,
because the substance does not markedly bioaccienounleiomagnify in the food-chain.

Because of nitrobenzene’s ready detectability it lsbemical analysis and human olfaction
(sense of smell) and the relative ease of measumeshenany of its properties, its release,
transport, fate and the consequent exposure of hlb@ags have been studied over a
considerable period of time. Monitoring studiesa@vow and highly variable exposures
from air and, more rarely, drinking-water, with @grally downward trend in exposure
levels. In some parts of the world, guideline valter nitrobenzene in ambient air have been
set for residential areas.

Table 20 shows estimated daily absorbed dosegrobenzene derived from ambient air and
drinking-water under normal backround (urban) cbads and in the worst-case situations
arising from environmental contamination. Calculas are based on 24-h ventilaion of 22 m
of air and 80% nitrobenzene retention in the lusugd on daily ingestion of 2 litres of water
(IPCS, 1994; WHO, 1996), with complete absorptibrs realized that some additional
nitrobenzene may be absorbed through the skin glwashing, bathing and showering with
nitrobenzene-contaminated water, but this routexpbsure has not been quantified.
Exposure of the general population to nitrobenzead¢ood or via consumer products cannot
be estimated because pertinent data are lacking.
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Table 20. Estimation of the general population exmure to nitrobenzene from ambient
air and drinking-water

Source of exposure Nitrobenzene concentratioaily absorbed dose
(Lg/nT or pgllitre) (ng/kg of body weight)

Air

Normal urban air in summer 0.5 0.13

Urban area near industrial source 10 2.5

Drinking-water

Normal background (upper end of 0.7 0.02
the range)

Contaminated water (at the 70 2
approximate level of odour

threshold)

Under normal conditions, the combined exposure fatmand drinking-water amounts to
about 0.15 pg/kg of body weight per day. In thestgase situation, populations living near
an industrial emission source and using nitrobeexEmtaminated drinking-water with a
concentration that can just be detectable by ofmusome people) might have a combined
exposure amounting to a 30 times higher level (&g of body weight per day).

10.1.1.2 Occupational exposure

Occupational exposure is of greatest concern, sitcabenzene can be taken up very readily
through the skin as well as by inhalation. Uptakeapour through the skin (whole body) was
estimated to be about one-fifth up to one-quarténat occurring through the lungs via
inhalation. Normal working clothes reduced skinapson of vapour only by about 20-30%,
based on the experiments by Piotrowski (1967).

Occupational exposure is likely to be significarttigher than general population exposure.
Although a 1990 report from the USA estimated thadr 10 000 workers were potentially
exposed to nitrobenzene, there are few quantitaawa on exposure levels.

In old studies of a factory producing nitrobenzemesrage air concentrations were reported
as 196 mg/rhin 1952 and 29 mg/frin 1954. Both values were associated with symptioms
workers. A more recent study by Harmer et al. (3980nd airborne levels of nitrobenzene
generally <5 mg/rhand urinaryp-nitrophenol levels generally below 5 mg/litre. In
workplaces with good controls, exposures shouldddew the occupational exposure limits
of 5 mg/n? adopted by 28 countries (listed in IARC, 1996).ddcupational exposure limits
have an additional "skin" notation to warn of tleggmtial for significant absorption of
nitrobenzene across the skin and of the need teeptdé. As an additional aid to exposure
assessment, some national jurisdictions (e.g\J®® and Germany) have proposed
biological monitoring guidance values to be usetiamarkers.

In the USA, two methods for biological monitorinfyrotrobenzene exposures have been
used: totap-nitrophenol in urine (Lauwerys, 1991; ACGIH, 19%5d methaemoglobin in
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the blood (ACGIH, 1995). The latter biomarker isdespecific for nitrobenzene exposure,
since a number of other redox chemicals can caasea@moglobinaemia. Analysis of
aniline—haemoglobin conjugate is recommended #@ibiblogical monitoring of nitrobenzene
in Germany (Neumann, 1988; DFG, 1995).

10.1.2 Hazard identification

At moderate to high doses in experimental aninralsjbenzene can cause
methaemoglobinaemia, haemolytic anaemia, meduliadyextramedullary haematopoiesis
and toxic effects in the spleen, liver and kidrieyrther effects include testicular toxicity and
impairment of male fertility, neurological effe@ad toxic effects on the thyroid, adrenal
gland and immune system. Long-term studies haveatet! local effects on the upper
airways and lungs.

10.1.2.1 Death

Numerous accidental poisonings and deaths in huthahsvere attributed to the ingestion of
nitrobenzene have been reported. In cases ofrggastion or inhalation in which the patients
were apparently near death due to severe methaehiogémia, termination of exposure and
prompt medical intervention resulted in gradual iayement and recovery. Some early data
relating to dermal exposures may relate to anifatleer than nitrobenzene, but there are
reports of deaths arising from nitrobenzene spibleatlothing.

10.1.2.2 Methaemoglobinaemia

The most commonly reported systemic effect assedtiaith human exposure to nitrobenzene
is methaemoglobinaemia, a haemopathy exhibitingxéized form of haemoglobin. As a
normal blood constituent, methaemoglobin is usuediyt low by the reduction of haem*Fe

to F€* by methaemoglobin reductase in healthy, unexpisidduals.

Oral exposure to nitrobenzene in unspecified ansrgdulted in methaemoglobinaemia.
Clinical reports of methaemoglobinaemia followingpesure to nitrobenzene via inhalation
include twin 3-week-old babies, a 12-month-old gimtd a 47-year-old woman. However,
levels of exposure were neither known nor estimaiathaemoglobinaemia has been
reported after dermal exposure in humans; in thetpccurrence of cyanotic babies in
hospitals that used diapers stamped with inks usitngbenzene or aniline solvents appears to
have been relatively common in earlier times. Methaglobinaemia has also been seen in
animals exposed to nitrobenzene via the oral, atlwad and dermal routes.

10.1.2.3 Splenic effects

The spleen is a target organ during human and dexpasure to nitrobenzene. For example,
a 47-year-old woman occupationally exposed to bénzene in paint (mainly by inhalation)
had a palpable and tender spleen.

Splenic lesions have also been reported followitr@lmenzene inhalation in mice and rats.
Splenic lesions seen were sinusoidal congestiomaease in extramedullary
haematopoiesis and haemosiderin-laden macrophaggeding the red pulp, and the presence
of proliferative capsular lesions.
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10.1.2.4 Hepatic effects

Liver effects have been reported in humans exptisadrobenzene. Hepatic enlargement and
tenderness and altered serum chemistries wereteepara woman who had been
occupationally exposed to nitrobenzene. The auttmmsidered these changes to be related to
increased destruction of haemoglobin and red btetld and enlargement of the spleen.
However, an extensive range of liver pathologieanmal studies suggests a possibility of
more direct target organ toxicity.

10.1.2.5 Renal effects

There are no data on renal effects in humans egosaitrobenzene by any route. Observed
effects in laboratory animals have included inceedsdney weights, pigmentation of tubular
epithelial cells, hydropic degeneration of the icaifttubules and protein nephropathy, and
swelling of the glomeruli and tubular epitheliunheravailable evidence is not sufficient to
indicate whether the renal effects are specifiméde rats. The implications for humans are
unclear.

10.1.2.6 Immunological effects

No studies were located regarding immune systeet&fin humans after exposure to
nitrobenzene.

In an immunotoxicity study in mice, immunosuppressivas evidenced by a diminished IgM
response to sheep red blood cells. Host resistanoécrobial or viral infection was not
markedly affected by nitrobenzene, although theae avtrend towards increased
susceptibility in cases in which T-cell functiomntobutes to host defence. In a long-term
study with mice, thymic involution was found.

10.1.2.7 Neurological effects

Neurotoxic symptoms reported in humans after irtf@leexposure to nitrobenzene have
included headache, confusion, vertigo and naudézct& in orally exposed persons have also
included those symptoms, as well as apnoea and.coma

Damage to the brain stem, cerebellum and fourtlriegwas observed in orally exposed
animals, whereas animals exposed via inhalatioe Bhewn morphological damage to the
hind brain.

10.1.2.8 Reproductive effects
Effects of nitrobenzene on reproduction in humaagmot been reported.

In Sprague-Dawley rats, inhalation of nitrobenziena two-generation study resulted in
decreased male fertility, with alterations in madproductive organs (e.g., seminiferous
tubular atrophy and spermatocyte degeneration) atiteast partial functional reversibility
after a 9-week recovery period. In Fischer-344, ibsrecovery of cessation of
spermatogenesis after a 14-day recovery periodidmibbserved in a short-term inhalation
study. Furthermore, oral and dermal applicationitbbenzene to different rat and mouse
strains also led to impaired male fertility, witle@ations in male reproductive organs.
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Nitrobenzene has direct effects on the testis, shoyn vivo andin vitro studies.
Spermatogenesis is affected, with exfoliation @daminantly viable germ cells and
degenerating Sertoli cells. The main histopathalalgeffects are degenerated spermatocytes.

In general, maternal reproductive organs were fiettd; only one study showed uterine
atrophy in mice after dermal application of higlses.

No studies of developmental effects in humans tesufrom exposure to nitrobenzene have
been reported.

Studies conducted via oral or inhalation exposidtendt result in fetotoxic or teratogenic
effects in rats or rabbits. No studies have beenlgoted using the dermal route.

10.1.2.9 Genotoxic effects

The genotoxicity of nitrobenzene has been evaluatédthin vitro andin vivo studies. The
results of these studies are generally negative.

Nitrobenzene was extensively studied for the indunodf gene mutations in bacteria. The
results of these studies were principally negatialy in one case, in the presence of a co-
mutagen, was a positive response observed. Theyalsihitrobenzene to induce gene
mutations in mammalian cells was tested in only stnedy. A weak positive result was
observed (mutation to 8-azaguanine-resistancehegpositive effect was only marginal
(mutation to ouabain-resistance). One study shawsdak increase in recessive lethal
mutations inDrosophilg however, lack of study details made it diffictdtinterpret the

result. Nitrobenzene did not induce DNA repair loracnosome damage in mammalian cells
eitherin vitro orin vivo.

Nitrobenzene did not induce cell transformatiorcuttured Syrian hamster kidney cells or
human lung fibroblasts.

Onein vitro study suggested binding to DNA. Amvivo study in rats and mice given
subcutaneou¥'C-labelled nitrobenzene demontrated covalent bindiradioactivity to

DNA isolated from rat liver and kidney and mousetiand lung. The binding was within the
range typically found with weak genotoxic carcinogeFurthermore, there is only limited
evidence for the genotoxicity of nitrobenzene melitéds. Available genotoxicity data do not
suggest potential gentic effects of concern in msna

10.1.2.10 Carcinogenic effects

A 2-year inhalation study showed that B6G8fice, Fischer-344 rats and Sprague-Dawley
CD rats can respond with tumours at eight diffemgan sites. Three of the eight sites
responded with significant evidence of carcinoggylid) mammary adenocarcinomas in
female B6C3Irmice; 2) liver carcinomas in male Fischer-344;ratal 3) thyroid follicular

cell adenocarcinomas in male Fischer-344 rats.ré&steof the sites (five organs) were mostly
benign tumorigenic responses (Table 21).

Table 21. Summary of nitrobenzene carcinogenicityasults from section 7.3
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Site of increased Sex Evidence of Comments

tumorigenicity carcinogenicity

B6C3F; mouse

Lung: Alveolus and bronchus m Limited Benign tumour increase only; carcinomas spread
evenly over dose groups (no trend)

Thyroid: Follicular cell m Limited Benign tumours only with dose trend

Mammary gland f Sufficient (lacks | Historical and concurrent controls suggest

low- and mid- malignant but low-level cancer incidence in
dose results) comparison of 0 and 260 mg/if® and 50 ppm)

dose groups

Fischer-344 rat

Liver: Hepatocellular m Sufficient Clear evidence of malignancy and exposure
related to cancer incidence in the liver

Thyroid: Follicular cell m Limited Another thyroid follicular response; marginal
statistics: only a trend with dose and only a
suggestion of malignancy

Kidney: Tubular cell m Limited High dose only; benign tumorigenic response

Endometrial polyp f Limited Benign response

CD rat

Liver: Hepatocellular m Limited Benign response (unlike the male Fischer-344 rat)

@ From Holder (1998, 1999a).

Nitrobenzene can be reduced by gut microflora aftdr system absorption, by cellular
microsomes, forming the carcinogenic metabolitét®sobenzene, phenylhydroxylamine and
aniline. Nitrobenzene can also be systemicallyiaed by the cellular cytochrome-450
microsomal system to various chemically reactiveophenols. Although all these redox
metabolic products are candidates for cancer aaydhle mechanism of carcinogenic action
is not known. Because of the likely commonalityedox mechanisms producing similar
chemical intermediates in test animals and humarsshypothesized that nitrobenzene may
cause cancer in humans by any route of exposure.

10.1.3 Dose-response analysis

10.1.3.1 Non-neoplastic effects

Available human data are too limited to allow dethcomments to be made about the
relationship between the level of exposure andidggee of toxic response. It is clear from

the literature that recovery from short-term expesuo low concentrations can occur without
medical intervention, but that exposures to higiercentrations by any route require medical
intervention. It would appear from an overview lo¢ human poisoning literature that severity
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of effect is indeed related to the degree of sygt@xposure. One problem with a number of
reports in the medical literature is that nitrobemz was ingested in products containing a
"cocktail" of other ingredients or that its intageuld have been confused with intake of
aniline.

For the oral, dermal and inhalation routes, ademjteaticology studies are available for mice
and rats. They all reveal similar systemic effelttione of the studies did the findings allow
a NOAEL to be established. Methaemoglobinaemiamadelogical and testicular effects and,
in the inhalation studies, effects on the respisagystem were found at the lowest doses
tested (Tables 22-24).

Table 22. LOAELS? for non-neoplastic effects in rats and mice in odadermal and
inhalation studies with nitrobenzene

Study details LOAEL?
Species/strain/sex Route Duration ppm mg/kg of body
weight per day
Rats — F344 (m and f) Oral 13 weeks 9.375
Dermal 13 weeks 50
Inhalation 2 years 1 0.7
Rats — CD (m) Inhalation 2 years 1 0.7
Mice — B6C3Fk (m and f) Oral 13 weeks 18.75
Dermal 13 weeks 50
Inhalation 2 years 5 4.3

a The lowest doses tested in these GLP studies wkea to be the LOAELs. Note that 1 ppm = 5.12 nig/m

Systemic dose from inhalation exposure calculassdming a respiratory volume of 0.22%day, a body
weight of 0.3 kg and 70% retention in the lung.

Systemic dose from inhalation exposure calculassdming a respiratory volume of 0.03%day, a body
weight of 0.04 kg and 70% retention in the lung.

Table 23. Incidence of chronic non-neoplastic lesas in B6C3F1 mice following
nitrobenzene exposuré

Tissue/diagnosis Sex Incidence (%) at concentration (pgm)
0 5 25 50
Lung
Alveolar/bronchial m 1/68 (1) 2/67(3) 8/65 (12)* 13/66 (20)*
hyperplasia
f 0/53 (0) 2/60 (3) 5/64 (8)* 1/62 (2)
Bronchiolization of alveolar m 0/68 (0)* 58/67 (87)* 58/65 (89)* 62/66 (94)*

126



walls

Thyroid gland

Follicular cell hyperplasia |m

Liver

Centrilobular
hepatocytomegaly

Multinucleated hepatocytesm

Nose

Glandularization of
respiratory epithelium

Increased secretion from |m
respiratory epithelium

Degeneration/loss of
olfactory epithelium

Pigment in olfactory

epithelium

Testes

Diffuse atrophy

Decreased spermatogenesis

Tubular atrophy
Epididymis

Hypospermia

Bone marrow, femur

Hypercellularity

Thymus

Involution

Kidney
Cysts

Pancreas

Mononuclear cell
infiltration

0/53 (0)*

1/65 (2)*
2/49 (4)¥

1/68 (1)¥
0/51 (0)*
2/68 (3)*
0/51 (0)

10/67 (15)*
0/52 (0)*
0/67 (10)¥
2/52 (4)F
1/67 (1)¥
0/52 (0)*
0/67 (0)*
0/52 (0)*

1/68 (1)
1/68 (1)
9/68 (13)

3/68 (4)

3/68 (4)*
4/52 (8)

10/48 (21)
7/41 (17)

2/68 (3)
0/51 (0)

3/65 (5)
1/46 (2)

55/60 (92)*

4/65 (6)
1/59 (2)

15/65 (23)
0/61 (0)
14165 (22)
0/61 (0)

0/66 (0)
0/60 (0)
0/66 (0)
7160 (12)
1/66 (2)
19/60 (32)*
7166 (11)*
6/60 (10)*

2/5 (40)
0/5 (0)
0/5 (0)

2/5 (40)

10/67 (15)*

63/64 (98)*

7/65 (11)*
1/61 (2)

44/65 (68)*
0/64 (0)
45/65 (69)*
0/64 (0)

0/65 (0)
0/63 (0)
3/65 (5)
19/63 (30)*
32/65 (49)*
47/63 (75)*

46/65 (71)*
37/63 (59)*

0/7(0)
0/7(0)
1/7 (14)

0/6 (0)

4/64 (6)

62/62 (100)*

12/64 (19)*
8/61 (13)

57/64 (89)*
7162 (11)*
50/64 (88)*
2162 (3)

27166 (41)*
7161 (11)*
6/66 (9)*
32/61 (52)*
41/66 (62)*
42/61 (69)*
49/66 (74)*

29/61 (48)*
6/66 (9)
3/66 (5)
1/66 (2)

11/66 (17)

13/66 (20)*
9/62 (15)

10/44 (23)
22/57 (39)*

12/65 (18)*
0/62 (0)

3/64 (5)
8/62 (13)*
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& From Cattley et al. (1994).

b

* = significant atP < 0.05; ¥ = significantly positive correlation treng,< 0.5; 1 ppm = 5.12 mg/fin

Table 24. Incidence of chronic non-neoplastic lesis in Fischer-344 and CD rats

following nitrobenzene exposuré

Tissue/diagnosis

Liver

Eosinophilic foci

Centrilobular
hepatocytomegaly

Spongiosis

Kidney
Chronic nephropathy

Tubular hyperplasia

Thyroid gland

Follicular cell hyperplasia

Nose

Pigment deposition in
olfactory epithelium

Testes

Bilateral atrophy

Epididymis

Species

CD
F344

CD
F344

CD
F344

CD
F344
F344
CD

F344

CD
F344

CD
F344

CD
F344

Sex

-/3/3, "3 3|

- 3|3

-1 3|3

3

Incidence (%) at concentration (ppm)

0

11/63 (17)*
26/69 (42)*
6/70 (9)*
3/63 (5)*
0/69(0)*"
0/70 (0)
25/63 (40)*
25/69(36)F
0/70 (0)*

54/63 (86)
69/69 (100)
58/70 (83)
3/63 (5)
2169 (3)¥
0/70 (0)

2/63 (3)
0/69 (0)¥
1/69 (1)

42/63 (67)F
40/67 (60)¥
37/67 (55)*

11/62 (18)*
61/69 (88)

1

3/67 (4)
25/69 (36)
9/66 (14)
1/67 (1)
0/69 (0)
0/66 (0)
25/67 (37)
24/69 (35§
0/66 (0)

60/67 (90)
64/68 (94)
51/66 (77)
1/67 (1)
2/68 (3)
0/66 (0)

2164 (3)
1/69 (1)

49/64 (77)
53/67 (79)*
54/65 (83)*

17/66 (26)
50/56 (89)

5

8/70 (11)
44/70 (63)*
13/66 (20)
14/70 (20)*
8/70 (11)*
0/66 (0)
25/70 (36)*
33/70 (47)
0/66 (0)

63/70 (90)
70/70 (100)
60/66 (91)
5/70 (7)
2/70 (3)
2/66 (3)

1/68 (1)
2/70 (3)

60/66 (91)*
67/70 (96)*
60/65 (92)*

22/70 (31)
59/61 (97)

25

19/65 (29)
57/70 (81)*
16/70 (23)*
39/65 (60)*
57/70 (81)*
0/70 (0)
37/65 (57)*
58/70 (83)*
6/70 (9)*

59/65 (91)
70/70 (100)
67/70 (96)
6/65 (9)
13/70 (19)*
2/70 (3)

4164 (6)
4170 (6)
0/68 (0)

58/61 (95)*
68/69 (99)*

66/66 (100)*

35/61 (57)*
61/70 (87)
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Bilateral hypospermia CD m 8/60 (13)* 13/65 (20)  |15/67 (22) 32/59 (54)*
F344 15/69 (22) 21/54 (39)  12/59 (20) 12/70 (17)
Spleen
Extramedullary CD m 58/63 (92) 56/67 (84) |61/69 (88) 60/65 (92)
haematopoiesis F344 m 53/69 (77) 62/69 (90)* | 65/70 (93)*  61/70 (87)
f 60/69 (87) 62/66 (94)  60/66 (91) 65/69 (94)
Pigmentation CD m 59/63 (94)*  |58/67 (87) |67/69 (97) 65/65 (100)
F344 m 55/69 (80)¥  63/69 (91)* 64/70 (91)*  70/70 (100)*
f 62/69 (90) 1 61/66 (92) 60/66 (91) 68/69 (99)*

& From Cattley et al. (1994)

Data for F344 rats are listed as unilateral ortéik.

* = significant atP < 0.05; * significantly positive correlation tren&,< 0.05; 1 ppm = 5.12 mg/n

In chronic inhalation studiesjethaemoglobinaemiavas consistently observed at 130

mg/nt (25 ppm) and above in B6C3ice and rats (both Sprague-Dawley and Fischer-344
strains) at the 2-year terminal sacrifice, butétsvalso apparent at the lowest dose of 5 fg/m
(12 ppm) at interim (15-month) sacrifice in bothagtis of rats, with Sprague-Dawley rats more
affected at this dose than the Fischer-344 strain.

In mice, testicular effectswere adequately investigated only at the high 266 mg/ni [50
ppm]), with bilateral epididymal hypospermia noteith an incidence of 17% (compared
with 4% in controls). In Sprague-Dawley but notdhier-344 rats, bilateral epididymal
hypospermia was increased from the lowest dosened/&T (1 ppm) (significant positive
trend,P < 0.05). In mice, diffuse testicular atrophy wasrs at the highest dose (260 m)/m
(the only group examined). In Sprague-Dawley butfscher-344 rats, there was a dose-
related increase in bilateral atrophy, apparenftioe lowest dose (5 mgfinsignificant
positive trendP < 0.05).

In mice, there was a dose-related increase imitidence oflveolar/bronchial

hyperplasia, with a small increase compared with controls eatethe lowest dose tested of
26 mg/nt (5 ppm) (apparent in both sexes, positive trenuates aP < 0.5). Nitrobenzene
also caused bronchiolization of alveolar wallsimast all exposed mice — i.e., it was
apparent from the lowest exposure level of 26 mig8imilar findings were not reported in
rats of either strain. A range of pathologies wlas aeen in the olfactory epithelium of mice
from the lowest dose of 26 mginincluding "increased secretory product" (females)
degeneration (females) and pigmentation (both $ekeboth strains of rats, dose-related
pigmentation of the olfactory epithelium was repdrtapparent from the lowest dose of 5
mg/nt (1 ppm) (significant positive tren&,< 0.05).

Other findings, apparent at the lowest inhalational dose, indusldramedullary
haematopoiesis and pigment deposition in the sffleate Fischer-344 rats), liver pathology
(mice and female Fischer-344 rats) and bone mahnygercellularity (mice).

10.1.3.2 Carcinogenic effects
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Dose-response considerations with respect to tgeic and carcinogenic effects are
presented in Appendix 1. Note that these quantéatsk estimate calculations have been
performed using methods generally employed by t8BeEBA and are not methods adopted or
used by IPCS. Estimated inhalation exposure, fachvthe upper 95% confidence limit for
the cumulative lifetime risk is I8 is approximately 10 ng/kg of body weight daily.

10.1.4 Risk characterization
10.1.4.1 General population

Exposure of the general population to nitrobenZesra air or drinking-water is likely to be
very low. Although no NOAEL could be derived fromyaof the toxicological studies, there
is a seemingly low risk for non-neoplastic effe¢t®xposure values are low enough to avoid
non-neoplastic effects, it is expected that cagpemic effects will not occur.

No information is available to indicate whetheraltenzene is still used in consumer
products; thus, the extent of exposure to nitrobeaZzrom these sources could not be
guantified. As described in many published studiessoning from the use of such consumer
products has occurred frequently in the past. 8amt human exposure is possible, due to
the moderate vapour pressure of nitrobenzene aed®xe skin absorption. Furthermore, the
relatively pleasant almond smell of nitrobenzeng mat discourage people from consuming
food or water contaminated with it. Infants areezsally susceptible to the effects of
nitrobenzene.

10.1.4.2 Workplace

There is limited information on exposure in the kgace. In one workplace study, no effect
on methaemoglobin levels was noted at exposureeorations ranging from 0.7 to 2.2

mg/nt. However, in this study, exposure concentratioasevof the same order of magnitude
as the LOAELSs in a long-term inhalation study, @dgtthat also demonstrated that
nitrobenzene is a carcinogen in different speamesstrains in several organs. Therefore, there
is significant concern for the health of workerpesed to nitrobenzene, due to its toxic and
carcinogenic effects.

10.2 Evaluation of effects on the environment

10.2.1 Exposure

Nitrobenzene’s moderate volatility and weak somptio soil suggest that it may have the
potential to contaminate surface water and groutelwBlowever, environmental levels are
mitigated to some extent by degradation, inclugihgtolysis and microbial biodegradation.
Concentrations of nitrobenzene in environmental@assuch as surface waters,
groundwaters and air are generally low.

Measured concentrations for nitrobenzene in urlirasaanples in summer range from <0.05
to 2.1 pg/m (<0.01 to 0.41 ppb), with slightly higher concetibns found in industrial areas.
Studies of municipal waste disposal facilities Aadardous waste sites have found
nitrobenzene infrequently present in air releasels & detected, generally at low
concentrations. Air levels were significantly lower undetectable) in winter than in
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summer, due to both the formation of nitrobenzenaitvation of benzene (from petrol) and
the higher volatility of nitrobenzene during therm&r months.

Typical concentrations of nitrobenzene in surfaegens range from 0.1 to 1 pg/litre;

however, concentrations of up to 67 pg/litre weygorted in the river Danube, Yugoslavia, in
1990. Groundwater concentrations ranging from etécted (detection limit 1.13 pg/litre) to
4.2 mgl/litre have been reported from three sitehenUSA. Based on limited data, it appears
that there may be potential for contamination @ugdwaters, with the highest concentrations
being reported at hazardous waste sites and nabgasification sites.

Nitrobenzene in drinking-water has been reportestudies conducted in the 1970s and 1980s
in the USA and the United Kingdom, albeit in onlgraall proportion of samples, but was not
detected in 30 Canadian samples (1982 report) €Tlinies generally been a downward trend in
the concentrations of nitrobenzene found in drigkivater over the past two decades.

Nitrobenzene shows a low tendency for adsorptido sails and sediments and is likely to be
highly mobile in such media. It is intermediatelploile in forest and agricultural soils, being
somewhat more mobile in soil with lower organic tam. Nitrobenzene may also be present
in soils at hazardous waste sites.

The measured BCFs for nitrobenzene in a numbergainisms indicate minimal potential for
bioaccumulation, and nitrobenzene is not biomagdithrough the food-chain. It was not
detected in a large range of sampled biota in & 198 study. Nitrobenzene can be taken up
by plants. In available studies, it appeared tagsociated with roots, and very little was
associated with other parts of the plant.

Nitrobenzene can undergo degradation by both pysitodnd microbial biodegradation. A
number of fairly stable degradation products afatienzene are formed during environmental
degradation; some have toxic effects that are aiml those of nitrobenzene, whereas others
have different modes of action. Whether or noohiénzene will be completely broken down
(mineralized) at a particular site seems to be tiueable.

Nitrobenzene is slowly photolysed in air and watdre estimated lifetime for the direct
photolysis of airborne nitrobenzene was <1 day.ghgtolysis may be a pathway for
nitrobenzene degradation in natural waters, but whiere biodegradation is slow and where
water is relatively clear. Reaction of nitrobenzeurith hydroxyl radicals is likely to be only a
minor removal pathway for nitrobenzene in naturatexs. Half-lives in water for the direct
photolysis reaction were calculated as 2.5—-6 dags.ect photolysis (photo-oxidation) plays
a minor role in both water and air. Nitrobenzenegdnot deplete the stratospheric ozone
layer, and no information has been reported ogldisal warming potential.

Degradation studies suggest that nitrobenzenegiaded in sewage treatment plants by
aerobic processes, with slower degradation undegrabic conditions. Nitrobenzene may not
necessarily be completely degraded if presentgt toncentrations in wastewater. High
concentrations may also inhibit the biodegradatibother wastes. Biodegradation of
nitrobenzene depends mainly on the acclimatiom@iicrobial population. Degradation by
non-acclimated inocula is generally very slow tgliggble and proceeds only after extended
acclimation periods. Acclimated microorganismstipafarly from industrial wastewater
treatment plants, however, showed complete elinunavithin a few days. Degradation was
generally found to be increased in the presencthalr easily degradable substrates.
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Adaptation of the microflora and additional substsaalso seem to be limiting factors for the
decomposition of nitrobenzene in soil. Degradatbnitrobenzenes under anaerobic
conditions has been shown to be very slow, evan attended acclimation periods.

10.2.2 Effects

Nitrobenzene is of moderate to low toxicity to afjmand terrestrial organisms. Reported
LCso/EGso data for acute toxicity to freshwater organismmsgeafrom 2 to 156 mg/litre. The
lowest acute NOEC was 0.46 mg/litre for the wales {Daphnia magng however, this

value should be interpreted with caution, as it leager than the chronic NOEC for the same
species. No effects of nitrobenzene have beentexpat concentrations lower than 1 mg/litre
for other invertebrates and fish. Data on marirganisms are limited to one fish (sheepshead
minnow, Cyprinodon variegatys which showed similar sensitivity to freshwatpesies, one
alga Skeletonema costatymnd one crustacean (mysid shrifvysidopsis bahig which

were more sensitive to nitrobenzene than freshvegiecies.

Little information was available on the chronic ity of nitrobenzene to freshwater biota. A
NOEC of 1.9 mg/litre was reported for chronic sasd{20-day exposure) with the water flea
(Daphnia magnga

Nitrobenzene appears to be toxic to bacteria andadaersely affect sewage treatment
facilities if present in high concentrations inlugnt. For terrestrial systems, the reported
levels of concern in laboratory toxicity tests argikely to occur in the natural environment,
except possibly in areas close to nitrobenzeneyatezh and use and in areas contaminated
by spillage.

10.2.3 Risk characterization

Because of the low toxicity and low bioaccumulatpmiential of nitrobenzene, it is unlikely
to pose an environmental hazard at typical conagatrs found in environmental samples.
There is little overlap between typical concentnasi in environmental samples and those

concentrations known to be toxic to aquatic ancegtrial organisms.

For nitrobenzene, the most sensitive species westezl to be the embryo-larval stages of
rainbow trout Oncorhynchus mykigswith an LG at 0.002 mg/litre after a 27-day exposure.
However, because there is some doubt as to thaityadif this result, this datum was not used
in this risk assessment.

An environmental concentration of concern may bBeutated using the next most sensitive
species — i.e., the mysid shrimdy(sidopsis bahip— with a 96-h LG of 6.7 mg/litre.
However, this is an acute value, and it is prefler&d use chronic test data. The lowest
chronic test datum available is a 20-day NOEXaphnia magnaf 1.9 mgl/litre.
Application of an assessment factor of 100 givesranronmental concentration of concern
of 20 pg/litre. However, the use of such conseveatissessment (safety) factors for the
derivation of guidance values has recently beestqreed (Chapman et al., 1998).

A preferable approach is to fit the species senmtsitdistributions to a logistic (or more
general Burr Type Ill) distribution to derive a lBadous concentration to protect 95% of
species with an associated confidence levelsjH&ldenberg & Slob, 1993). Using the
available acute toxicity data for nitrobenzene #msl statistical distribution method, together
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with an acute:chronic ratio of 16 derived from tnestacean data, a moderate reliability
freshwater guidance value was derived. To proté% 8f freshwater species with 50%
confidence, the concentration limit for nitrobeneevas estimated to be 200 pg/litre. The
description of this method (statistical extrapaatmethod) is presented in Appendix 2.

There were insufficient data to derive a marinalgline value.

11. RECOMMENDATIONS FOR PROTECTION OF
HUMAN HEALTH

11.1 Public health

The following recommendations are made for theqmtdn of human health:

- Avoid consumer exposure to nitrobenzene by its kahivom consumer products
wherever possible.

- Any product containing nitrobenzene should be tydabelled.

« Nitrobenzene must not be used for products thatoaneulated for application to the
skin or that may come into contact with the skin.

« Steps that guarantee minimal emissions of nitrobeaat production sites should be
implemented and enforced worldwide.

« Contaminated areas such as landfill sites andtiojeevells for spent nitrobenzene
and related chemicals should be identified, anda@pate surveillance and
introduction of measures to control emissions t@ad water should be instituted.

Population groups particularly at risk and needidditional protection include:

- infants and children;

« pregnant women;

- lactating women;

« people with enzyme deficiencies leading to a pramigion to methaemoglobinaemia;
and

« people with haemoglobin variants (H, M and S).

11.2 Occupational health

Since nitrobenzene is a potent toxicant and a piaterarcinogen, exposures should be kept
as low as possible, using the best available tdoggavorldwide.

Nitrobenezene liquid can be absorbed through the akd nitrobenzene vapour can be
absorbed through the lungs and the skin. Partiaitention must be given to prevention of
skin contact by both nitrobenzene liquid and vagnuadequate protective equipment. In
order to minimize exposure, the application of Bdvanethod of biological monitoring is
recommended.

Workers potentially exposed to nitrobenzene recaiiequate safety information, education

and training regarding the risks of nitrobenzengosxre and the need to adopt safe working
procedures.
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Monitoring of nitrobenzene-exposed workers and mé¢@eping of workplace exposure are
needed.

12. FURTHER RESEARCH

12.1 Environmental issues

12.1.1 Exposure

For accuracy of exposure assessment modelling, dateeare needed on the fate of
nitrobenzene in soil, both in the root zone whdam{s are exposed and in the saturated and
unsaturated zones where groundwater may becomansmated. Metabolism in plants is
poorly characterized to date, so information onrtatire and quantity of plant metabolites
would assist assessment of exposure via that r8utelarly, more information about
accumulation in plant tissues would be helpful.

12.1.2 Toxicity

More data are required dine chronic toxicity of nitrobenzene to aquaticangms.
Additional acute data are also required for maane terrestrial species. Given that there is
some doubt about the particular sensitivity of lpaw trout Oncorhynchus mykisgmbryos
and larvae to nitrobenzene, these studies shoulddaated with appropriate quality
assurance. Studies on the mechanism of nitrobenagiogty and any ameliorating
environmental factors are also needed.

12.2 Health effects

There is limited accurate information on human expe to nitrobenzene. More data on
human exposure would be useful, estimated both thmmmeasurement of environmental
levels (especially air) and from biomarkers of esgoe (e.g.p-nitrophenol in urine and
haemoglobin adducts in the blood).

There are no data on the potential reproductivecesfin humans exposed to nitrobenzene via
any route. Data in animals showing obvious testictdxicity would suggest that it would be
worthwhile to explore this end-point among men esqabto nitrobenzene in the workplace or
at hazardous waste sites. While it is known thabbénzene is a direct toxicant to the testis,
information about its toxicity to male reproductieeans and subsequent developmental
effects is insufficient and should be further saafi

Epidemiological studies on the working populatibowd be conducted with a view to
investigating effects on, for example, methaemaglddvels, reproductive function,
immunological status and neurobehavioural function.

Experimental findings in rats indicate that, altbuacterial reduction in the gut is the
primaryin vivo metabolic step for nitrobenzene, there is somaagpfor systemic reductive
and oxidative metabolism. Nevertheless, germ-fage are reported not to develop
methaemoglobinaemia when dosed (intraperitoneaily) nitrobenzene. Since nitrobenzene
causes methaemoglobinaemia in normal animals bgrddedermal, inhalational and
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intraperitoneal routes (and humans by the oramdéand inhalational routes), this result
could indicate that there may be some enterohepatycling of absorbed nitrobenzene,
regardless of the route of exposure, thus allowBgccess to gut bacteria. More detailed
investigations of nitrobenzene toxicokinetics aretabolism should aid in the interpretation
of the currently available animal studies and thelievance to humans and be helpful in
making comparisons of human sensitivity with thlabthier animals.

The mode of action of nitrobenzene and its met&soivith respect to reproductive toxicity
and carcinogenicity should be further studied.

13. PREVIOUS EVALUATIONS BY INTERNATIONAL
BODIES

Nitrobenzene was reviewed by the International Agdor Research on Cancer (IARC) in
1996 (IARC, 1996). It was concluded in the evaluatihat there was inadequate evidence in
humans for the carcinogenicity of nitrobenzene Jevtiiere was sufficient evidence for
carcinogenicity in experimental animals. Nitrobemzevas classified as possibly carcinogenic
to humans (group 2B).

APPENDIX 1: THE CARCINOGENICITY OF
INHALED NITROBENZENE — QUANTITATIVE RISK
ASSESSMENTS

Specific dose—response considerations with regpasrcinogenic effects are presented in
this appendix; several quantitative risk estimatescalculated and compared. Note that the
guantitative risk estimate calculations presenteithis appendix have been performed using
methods generally employed by the US EPA, and nbtizese methods has been adopted by
IPCS.

Quantitative risk assessment of inhaled nitrobeazen

In the only carcinogenicity studies on nitrobenzeoeducted to date, male and female
B6C3FR mice (70 per sex per group) were inhalationallyesed to 0, 25, 130 or 250 mg
nitrobenzene/M(0, 5, 25 or 50 ppnf)while male and female inbred Fischer-344 ratsp@0
sex per group, plus 10 per sex intended for saerditer 15 months) and male Sprague-
Dawley (CD) rats (60 per group) were exposed #, @5 or 130 mg nitrobenzenelif®, 1, 5
or 25 ppm); all exposures were for 6 h per dayaysdger week (excluding holidays), for a
total of 505 days over 2 years (see section 7.3).

There is the mechanistic suggestion that the egglent organ responses observed may
predict analogous cancer responses in humans gyrelgosed to nitrobenzene (Holder,
19994, 1999b). Hence, a quantitative assessmeuatential human risks appropriate for
those exposures where nitrobenzene may affect haightotder, 1999b). This nitrobenzene
guantitative risk assessment was based on the r@ni@@sed from the positive cancer
responses seen in the rodent bioassays (CIIT, T®8gy et al., 1994). It proceeds on the
basis that the number of animals per group equalg/bich the original protocol specified,
while noting — qualitatively — that the extra aniséL0 per sex per group) had no tumours
develop over the 2 years (Holder, 1999b).
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If the true biologically based dose—response iswank, current quantitative cancer risk
assessment methods can only approximate the uppeof expected risk; consequently, a
conservative analysis often has to be made so@s/& the many unknown and partially
understood variables. If a target-specific mechangsnot known, one approximation is to
add affected cancer target sites in the most stibtfest animals. In the CIT study, the
male Fischer-344 rat malignant cancer incidenceéisaniver, thyroid and kidney are added to
estimate the upper limit on potential cancer ridklfler, 1999b). The cancer occurrences at O,
5, 25 and 130 mg/frin Fischer-344 male rats are, respectively, devia: liver 1, 4, 5 and

16; thyroid 2, 1, 5 and 8; and kidney 0, 0, 0 and€ing theN risk = 60 (the number at risk
originally set by CIIT), the combined respectiveitdences are 3/60 (0.050), 5/60 (0.083),
10/60 (0.167) and 26/60 (0.433). No time-to-tumomrection needs to be made because
there was no differential mortality or significaedrly deaths. The statistical pairwise
comparisons of each treated group combined incaleiith the concurrent control group
incidence yield probabilitied?) of 0.36, 0.037 and 3.4 x T0Although not actually
statistically increased, the 5 mg/group incidence is arithmetically increased frai®03to
5/60, which suggests a possible fit into the treeidof carcinogenicity (Haseman & Lockhart,
1994).

The incidence of the observed combined concurmmtrals, 0.05, and the combined
historical control average incidence, 0.031 (ieight-averaged among the three organs from
past bioassays), are comparable. This suggestththatirrent experiment is responding as
past bioassays have responded. The experimenes 608, 25 and 130 mgirman be
converted into approximate human equivalent expgssaf 0, 0.26, 1.3 and 6.48 mg/kg of
body weight per day, which correlate with extr&siBi = 0, 0.0347, 0.123 and 0.403. In
Figure Al, the human equivalent exposures arequl@s points against the corresponding
extra risks on thg-axis. The best-fit curve (a coefficient of detemation = 0.999) through

the experimental cancer incidence points app&gvsdinear in curvature and second order in
function. When an accepted pharmacokinetic mectiammdel is not available, an upper
limit on risk can be set by the linearized multggdLMS) model (Crump, 1996). This is
intended to be only an interim method of risk eatiom until the mode of action becomes
known. This LMS model is basically a polynomiatifig of the bioassay data, maintaining
the constraints that 1) the experimental curvdtisd as well as possible, 2) the lowest fitted
point in the experimental range is connected wattozlose controls and 3) the assumption of
possiblepositive cancer responses at all doses >0 (Crurap, d977; E.L. Anderson, 1983;
Crump, 1996). The LMS model, as usually employstnetes the upper 95% confidence
limit (95%UCL) on the best-fitted curve, and thE¥8UCL curvature describes a reasonably
stable dose—response curve over many orders of Wasa limit curve.
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Fig. A1l. Combined dose-response of inhaled nitrobeane producing liver,
thyroid and kidney cancers in male Fischer-344 rats

y-axis. Probability of extra cancer occurrence or rigkof@viatedT). IT is estimated
by correcting for concurrent control ratesas follows:I1 = (P4 — Po)/(1 —Py), and
for each of the four rat exposures of 0, 1, 5 ag@mn,I1 is, respectively, 0, 0.035,
0.1228 and 0.4035.

x-axis. Human equivalent nitrobenzene exposures (mg/kgpd§ weight per day).

Solid circles: The estimated human non-parametric, combined, liagroid and
kidney carcinogenic responses of 0, 0.26, 1.316a68 mg/kg of body weight per
day (2-year CIIT study).

Solid line: The best fit of thestimatechon-parametric human responses is a second-
order polynomialJl = 0.0041195 + 0.0995224d — 0.005876khe dose versus

cancer correlation is 0.9997. A power function éitout as well[I = a-d, where a =
0.092235 and b = 0.744979.

Horizontal dashed lines: Indicate the statistical significance levels. iDié
carcinogenicity is indicated in the 5 and 25 pptnolienzene groups, but the 1 ppm
response also seems to be part of the statistesad.H, of no trend for the four
exposuresP < 10°%.

Upper dotted line: The upper 95% confidence limit (95%UCL) of thesbkt, which
is presented by the solid line through the points.
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Dashed lines: The linearized multistage (LMS) model of Crump@$6) using
Global86 software is plotted as the maximum likedyimate curve (lower dashed
line, filled starg and the 95%UCL curve (upper dashed |ma|ow starg.

The LMS model fit is depicted in Figure Al and oalyproximates the best-fit curve of the
points in the experimental range because of thewalg constraints in the Global86
program® The LMS model 1) censures negative coefficienmhge(compare with the equation
in Figure A1), 2) forces the presence of #iighad” linear term (hence, tHmear multistage
model) and 3) is optimized for lower dose groupoeses and the expectation of low-dose,
non-zero, non-negativi values down through the environmental exposurel lestimates of
the 95%UCL on the fitted curve (Crump et al., 19Camp, 1996; Holder, 1999b).

The Global86 maximum likely estimate (or the b&3tof the cancer slope is 0.077/mg per kg
of body weight per dayyhereas the 95%UCL curve slope (calleddi®¢ = 0.11 per mg per

kg of body weight per day (Holder, 1999b). Tdq# of the 95%UCL curve is the more stable
and conservative estimator of the cancer slopavaekposures (E.L. Anderson, 1983). The
cancer risk, at low exposures, is assumed to bplgiestimated as the product of & and

the anticipated nitrobenzene average exposure ikghad body weight per day. The use of
0:* is meant to be only an approximation of a rigkiti(95%UCL curve), and the true value
of the cancer slope could be less, or even zeroe{dl1994).

As a regulatory reference, the virtually safe ddg8D) is that exposure that may give rise to
anPiof 1 in 1 000 000, a rare event (Gaylor, 1989%nkthe LMS model, the VSD can be
estimated to be the chosen risk* (Gaylor & Gold, 1995). So, VSD = 180.11 per mg per

kg of body weight per day = 0.91 x2@ng/kg of body weight per day or 9.1 ng/kg of body
weight per day. A liver-only estimation of VSD i5.6 ng/kg of body weight per day.
Considering margin of error with these estimateis, $uggests that adding the three tissues as
if one target does not significantly affect the V8&imate (9.1 versus 15.6 ng/kg of body
weight per day).

Comparison of the quantitative estimate with otihethods
To place the above LMS estimate in perspectivejmaber of other previously used cancer
risk models have been examined and compared wathM5 model (Holder, 1999b). These

models are presented below in Table A1. The LMSehwill be discussed first.

Table Al. Comparison of virtually safe dose (VSD)estimates using different methods

Method vsD
(ng/kg of body weight per day)
Gaylor 8.8
LMS® 9.1
BMD® 9.4
1-Hit 13.3
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Liver® 15.6

Zeise 52.6
BMD/safety factor 94
Weil 260

a Comparison is made of various risk methods thaé teen

used, are currently being used or are being coresider use.
The VSDs are arranged in increasing order of exjgosu
magnitude from top to bottom, i.e., less conseveatistimates
are at the bottom. Because the VSD is an exposuse,
presented in an exposure unit (as ng/kg of bodghteier day).
The VSD may be considered a reference level fdetinhe of
nitrobenzene exposure.

b A VSD may be assumed to be a risk of 1 in a millibhe VSD
is an arbitrary exposure and not necessarily aolateslevel of
safety. The VSD is an exposure correlated to vemyrisk that
may be considered as a convenient reference extesugl
when considering other environmental exposures.

¢ Linearized multistage (LMS) method upper confidelnrit at
the 95% level of risk. Estimated from the sum & lier,
thyroid and kidney responses using the Global86ptaer
program. In the absence of a specific biologicdtiyen dose—
response model, this method is used currentlyarid8A.

Benchmark dose, a method that assumes continudty@an
demonstrable threshold for the cancer response.

Liver response only was modelled by the LMS methsidg
one organ response, not three organ sites (seenote

In the US EPA, the standard approach to chemicalrezgen risk assessment, when the
mechanism is generally not known, is to employlthkS model, in which it is assumed that
there is 1) a linear dose—response in the low-degen and 2) no practical threshold (Guess
& Crump, 1976; E.L. Anderson, 1983; Albert, 1998he concurrent control rates are high
enough that the assumption of linearity in the ege range is supported (cf. Gaylor, 1992).
The estimation of the unit upper limit cancer slépenitrobenzeney;*, is 0.11 per mg per

kg of body weight per day, and the VSD is estimateble 9.1 ng/kg of body weight per day
of continuous exposure.

One of the earliest analyses of cancer dose—respuggested using "scientific judgement”
to quantify carcinogenic risk (Weil, 1972). Weilggested that any scheme in which
carcinogen-related multiple events are employgqaréduce tumours is not consistent with a
linear function and that "apparent” thresholds docuo in many bioassay analyses. Because
there is so much uncertainty due to experimentahlaity and often replication is not done,
many "cancer potency slopes" might arise in practi¢hich particular slope applies to
human exposure situations is problematic accortingeil (1972). He suggested a simple
factoring down of the lowest dose producing cameer reasonably safe dose achieved by
best technology. He suggested a factor of 1/50@0ckl, using this recommendation, the
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lowest nitrobenzene dose presenting an increds8 img/kg of body weight per day, which
can be subjectively factored down by 1/5000 to sedaf 260 ng/kg of body weight per day.

The one-hit model is stated Bs= 1 — €~ where R is the slope and the "}-d" term is the
number of hits of a single type (Klaassen, 200he ®ne-hit model estimates the
nitrobenzene cancer slope as 3 = 0.075 per mggpef kody weight per day, and the VSD =
13.3 ng/kg of body weight per day (Table Al). Aratpast model to compare with the LMS
is based on the observation that for many animalmagens, the cancer potency seems
linked empirically to the lethal toxicity, or Lfgor LCso (Zeise et al., 1984, 1986). In this
empirical method, the Lgg for nitrobenzene is approximately 183 mg/kg of yaekight per
day, from which the slope is empirically estimatedbe 0.019 per mg per kg of body weight
per day (Zeise et al., 1984, 1986). The sloperin leads to: 1/slope = VSD = 52.6 ng/kg of
body weight per day.

Yet another method approximates the VSD from theimam tolerated dose (MTD), usually
determined in a 90-day subchronic test (Gaylor9188ewski et al., 1993). The MTD is
often the same as, or near, the maximum dose t@d@d), which for nitrobenzene is 130
mg/nt, or 6.48 mg/kg of body weight per day. It has béetermined for many chemicals
tested so far that the MTD/VSD is approximatelyastant 7.40 x TQunitless), with about
a * 10-fold variation (Gaylor & Gold, 1995). Hentewas suggested that the VSD may be
estimated by merely dividing the MDT by 7.40 % 1Bor nitrobenzene, VSD = (6.48 mg/kg
of body weight per day)/(7.40 x 30= 8.8 ng/kg of body weight per day (Table Al; Hie,
1999b). Parenthetically, the ratio MDT/VSD for nitenzene (from the LMS model) is 7.12
and compares well with the geometric average valire4 x 10° for the 324 chemicals
studied by Gaylor (1989).

A benchmark dose (BMD) method of estimating camisis has been proposed (Crump,
1984; US EPA, 1996; Gaylor & Gold, 1998). This noetldetermines a point on the
experimental toxicity curve in the lower regionregponse called a point of departure (Gaylor
& Gold, 1998). This point often is takenRit= 0.10 and is connected to the zero—zero origin,
thereby making a straight line. The risk at anydoenvironmental dose is determined as
coordinates from this straight "upper bound” likS(EPA, 1996). The BMD for

nitrobenzene using this method is determined t0.8¢ mg/kg of body weight per day;
assuming no threshold and likely direct genetieatf (method 1), the VSD at 115k is
estimated to be 9.4 ng/kg of body weight per dagafety factor might be constructed if a
threshold were to be demonstrated (method 2). Byramg, for example, a 10-fold

variability in each of the factors such as anineahtiman and intrahuman variability,
variability of low-dose slope (tailing), and irregéility and severity of cancer, then the

BMD may be divided by 1o get a reasoned safety estimate of 940 ng/kpdy weight

per day, or a VSD of 94 ng/kg of body weight pey (Bable Al).

Discussion of the quantitative estimates

Nitrobenzene inhalation exposure causes canceglm stes, three of which are malignant
responses, in three species: B6CBce (males and females), Fischer-344 rats (naalds
females) and male Sprague-Dawley rats (femaletest#d). This distributed cancer response
among organs, sex and species of rodents has bseciated qualitatively with the metabolic
formation of nitrophenols, nitroxides, nitro fresdicals and superoxide free radicals (Holder,
1999a). The carcinogenic potency of all these i€ is unknown. The curvature of the
combined cancer response curve for nitrobenzen®le Fischer-344 rats appears
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suprdinear (convex) and does not suggest a threshaddi& Al). However, some of the low
nitrobenzene background tumour responses mighbiethreshold if they were analysed
individually and in bioassays of increased senstift.e., with more test animals). Although
no experimental data exist on the low-dose cortyrafithe dose—response curve, further
studies on the mechanism of action of nitrobenzateelld examine this aspect of the
response. The various VSD estimates from these Isn¢Table Al) vary over a 30-fold
range. Such a spread is not at all an extremenaajaonsidering the varied methods and
assumptions made in those models. This is likeg/tduhe prominence of the linear
component in the nitrobenzene response data arfddhthat some of the VSD estimator
methods are interrelated. However, it also sugdbatsany dependable method of the group
does not seem to disagree with any of the otheinaast albeit based on different
assumptions.

In conclusion, until a true pharmacodynamic andpla@okinetic model becomes available
for nitrobenzene, thg:* = 0.11 per mg per kg of body weight per day slopsey serve as a
public protective measure in estimating human expospper limit risks from nitrobenzene
environmental exposures. It is quite likely thatlbgically based modelling using critical,
actual dose—response parameters will demonsttaghar VSD than the estimated VSD of
9.1 ng/kg of body weight per day here. This assiwonps based on the fact that the methods
presented here (except the Weil [1972] method)rdrerently conservative.

APPENDIX 2: OUTLINE OF THE DUTCH
STATISTICAL EXTRAPOLATION METHOD USED
TO DERIVE A GUIDELINE VALUE FOR
NITROBENZENE FOR THE PROTECTION OF

AQUATIC SPECIES

Introduction

The traditional approach to using single-specigiity data to protect field ecosystems has
been to apply arbitrargssessment factqrsafety factor®r application factordo the lowest
toxicity figure for a particular chemical. The magie of these safety factors depends on
whether acute or chronic toxicity figures are aaalé and the degree of confidence that one
has in whether the figures reflect the field situatMost of the factors used are multiples of
10, and larger factors are applied where theresss tertainty in the data. For example, a
factor of 1000 is generally used for acute datapktor essential elements, in which case a
factor of 200 is applied. This factor of 200 inahgda factor of 10 for extrapolating from
laboratory to field, a further factor of 10 forimlted data set and a factor of 2 for conversion
of an acute end-point to a chronic end-point (éag.an essential metal).

Concerns have often been raised as to the arbrednye of assessment factors (Chapman et
al., 1998) and the fact that they do not conformgk assessment principles. The OECD
(1992) recommended that assessment factors beongeahen there are inadequate data for
statistical extrapolation methods to be used.

The following sections briefly outline the stattsti extrapolation method used to derive the
nitrobenzene guideline for protection of aquatigamisms (see chapter 10). Much of the text
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is taken directly from the Australian and New Zaeal&uidelines for Fresh and Marine Water
Quality (ANZECC/ARMCANZ, 2000).

Use of statistical extrapolation methods

New methods using statistical risk-based approaches been developed over the last
decade for deriving guideline (trigger) values. 3dare based on calculations of a statistical
distribution of laboratory ecotoxicity data andeatipt to offer a predetermined level of
protection, usually 95%. The approach of Aldenk&iglob (1993) has been adopted in the
Netherlands, Australia and New Zealand for guigetierivation and is recommended for use
by the OECD. It was chosen because of its thealdtizsis, its ease of use and the fact that it
has been extensively evaluated. Warne (1998) hapa@d in detail the risk-based and
assessment factor approaches used in various @suntr

The Aldenberg & Slob (1993) method uses a stasistipproach to protect 95% of species
with a predetermined level of confidence, provitleere is an adequate data set. This
approach uses available data from all tested spéot¢ just the most sensitive species) and
considers these data to be a subsample of the cdrmgacentrations at which effects would
occur in all species in the environment. The metmag be applied if toxicity data, usually
chronic NOEC values, are available for at least fiifferent species from at least four
taxonomic groups. Data are entered into a computgram EcoToX (ETX) (Aldenberg,
1993) and generally fitted to a log-logistic distriion. A hazardous concentration foper
cent of the species (His derived. HG is a value such that the probability of selecting
species from the community with a NOEC smaller tH&} is equal to (e.g., 5%, HG).

HCs is the estimated concentration that should pr&@Bt of species. A level of uncertainty
is associated with this derived value, and so waiéh a given confidence level (e.g., 50% or
95%) are computed in the ETX program by attachidgstibution to the error in the tail
(Figure A2). The ANZECC/ARMCANZ (2000) guidelineseuthe median of 50%
confidence.

HCs (or the 95% protection level) is estimated usheyETX approach by dividing the
geometric mean of the NOEC values fiospecies by an extrapolation fackgfOECD,
1995), where:

K = exg™ ¥

and:

Sn = sample standard deviation of natural logarittithe NOEC values fom species;

k = one-sided tolerance limit factor for a logisticnormal distribution (from computer
simulations).
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Fig. A2. The Dutch statistical approach for the dewation of trigger values
(from Aldenberg & Slob, 1993).

Where acute L§; data are used to deriverederate reliabilitytrigger value, the figure
resulting from the statistical distribution modglconverted to a chronic trigger value, using
an acute-to-chronic (L§g-to-NOEC) conversion.

The Aldenberg & Slob (1993) extrapolation methotlased on several critical assumptions,
outlined below. Many of these are common to otketistical distribution methods:

- The ecosystem is sufficiently protected if theaaty 95% of the species in the
system are fully protected.

« The distribution of the NOECs is symmetrical.

+ The available data are derived from independertarmtrials of the total distribution
of sensitivities in the ecosystem.

« Toxicity data are distributed log-logistically, .i.@ logistic distribution is the most
appropriate to use.

« There are no interactions between species in thgystem.

« NOEC data are the most appropriate data to uset @nsbient environmental
guidelines.

- NOEC data for five species are a sufficient data se

Modification of the Aldenberg and Slob approach

The Aldenberg & Slob (1993) approach assumes ligadlata are best fitted to a log-logistic
distribution. For some data sets, however, a béttisrobtained with other models. By using
a program developed by CSIRO Biometrics, the dega@mpared with a range of statistical
distributions called the Burr family of distributis, of which the log-logistic distribution is
one case. The program determines the distributianltest fits the available toxicity data and
calculates the 95% protection level with 50% coarfice (ANZECC/ ARMCANZ, 2000).

This method has been used to calculate thefBithitrobenzene below.

Derivation of the guideline trigger value for nibenzene

Acute LG values used in the freshwater trigger value deédmancluded the following:
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+ fish: six species with geometric mean 48- to 96c3ilvalues ranging from 1.8 to 138
mg/litre

« crustaceans: two speci@aphnia magngwith a geometric mean 24- to 48-h 4,©f
36 mg/litre) andCeriodaphnia dubigwith a 24-h LG of 54 mg/litre)

« protozoans: one species with a 24-hs&@ 98 mg/litre

- algae: three species with 96-h §g€ranging from 17.8 to 43 mg/litre

« bacteria: one species with a geometric mean 15EG4 of 23 mg/litre

- amphibians: one species with 48-hsb©f 121 mg/litre

« other invertebrates, including a flatworm (168-hsg.6f 2 mg/litre), snail (geometric
mean 48-h L&y of 95 mg/litre) and midge (48-h lsgof 70 mg/litre)

The acute trigger value for nitrobenzene derivetheprogram from these data was 3230
pg/litre. However, this has to be converted to @it value. The only chronic toxicity data
available were foDaphnia magnawith NOECs of 2.6 and 1.9 mg/litre (geometric mea
NOEC of 2.2 mg/litre). The geometric mean acutei@dor this species (36 mg/litre) was
divided by the chronic value (2.2 mg/litre) to giare acute:chronic ratio of 16. Applying this
acute:chronic ratio to the acute trigger value:

3230/16~ 200 pgllitre

Thus, the concentration limit for nitrobenzeneptotect 95% of species with 50%
confidence, is about 200 pg/litre.

Data for marine species were limited, so no trigggue could be derived using this method.
Conclusions

In keeping with the recent development of risk-blestatistical approaches to derive
guidelines for the protection of aquatic organisangeshwater guideline value for

nitrobenzene to protect 95% of species with 50%idence was derived using a modified
method of Aldenberg & Slob (1993). The derived ealas 200 pg/litre (see chapter 10).
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1. ldentite, propriétés physiques et chimiques et éthodes
d’analyse

Le nitrobenzéne se présente sous la forme d’uidigouileux incolore a jaune pale, dont
I'odeur rappelle celle des amandes ameéres ou dagéi’ Son point de fusion est de 5,7 °C et
son point d’ébullition de 211 °C. A 20 °C, sa temsde vapeur est égale a 20 Pa et sa
solubilité dans I'eau a 1900 mg/litre. Avec un paiéclair (mesuré en coupelle fermée) de
88 °C et une limite inférieure d’explosivité de ¥8en volume dans l'air, il y a risque
d’'incendie en présence de ce produit. Le logaritdmeon coefficient de partage entre
I'octanol et I'eau est égal a 1,85.

Un certain nombre de méthodes d’analyse sontahies pour le dosage du nitrobenzene
dans l'air, I'eau et le sol. On dispose égalementethodes pour la surveillance des
travailleurs exposés en permanence a ce compasasté aussi une méthode basée sur la
chromatographie liquide haute performance sur ghiasersées qui convient bien au dosage
des métabolites urinaires, et notammenp-hitrophénol (qui est également un métabolite de
deux insecticides organophosphorés, le parathinperathion-méthyl). D’autres méthodes
permettent de doser I'aniline libérée des adduitsémoglobine ou encore la
méthémoglobine produite par les métabolites dwinénzene.

2. Sources d’exposition humaine et environnementale

Le nitrobenzéne n’existe pas a I'état naturel. Qiesproduit synthétique utilisé a plus de 95
% pour la préparation de I'aniline - un interméridres important pour la fabrication des
polyuréthanes - comme solvant dans le raffinagpédiole et la fabrication des éthers et des
acétates de cellulose, pour la production desrdbienzénes et des dichloranilines ou encore
pour la synthese d’autres composés organiques cdiacgéaminophene.

Au début du vingtieme siecle, le nitrobenzene épagique peu utilisé comme additif
alimentaire (en tant que substitut de I'essencmdiade amere) et trés utilisé comme solvant
dans toutes sortes de produits : cirages, enctiisges notamment dans les hdpitaux pour
tamponner les couches sortant de lessive) et diMmianfectants, de sorte que le risque
d’exposition de la population était important ae&poque.

D’apreés les statistiques dont on dispose, il appgtee la production annuelle de nitrobenzéne
a sensiblement augmenté au cours des 30 ou 4@k @ENnées. La majorité de cette
production reste en circuit fermé en vue d’autsgglgeses et notamment pour la préparation
de l'aniline, mais aussi pour celle des dérivésstu®s des nitrobenzeénes et de I'aniline. Les
pertes de nitrobenzene au cours de la productioinvsaisemblablement faibles; toutefois,
lorsque ce composé est utilisé comme solvant,nesséons peuvent sans doute étre plus
importantes. On a montré qu’il pouvait y avoir dggiment de nitrobenzene lors de
l'incinération des boues d’égout et sa présendé décelée en quantités mesurables dans
I'air surmontant les décharges de produits dangereu

Du nitrobenzéne peut se former dans I'atmospharsyite de I'attaque du benzene par les

oxydes d’azote, mais cet apport n’a pas été chiffsmblerait également qu’au contact de
'ozone, I'aniline s’'oxyde lentement en nitrobenaen
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3. Transport, distribution et transformation dans
I'environnement

Le nitrobenzéne peut étre décomposé par photolygaobiodégradation microbienne.

Au vu des propriétés physiques du nitrobenzen@geom penser qu’il passe en quantité
notable de I'eau dans I'atmosphere, sans toutgidits’agisse d’un processus rapide. Dans
I'air et dans I'eau, il subit une lente photodécaosifion. L'étude expérimentale directe de la
photolyse du nitrobenzéne dans I'air a permis derdéner que sa durée de séjour y était
inférieure a 1 jour; en revanche, le calcul dedmivie du composé sur la base de sa réaction
avec les radicaux hydroxyle donne des valeurs ceagpentre 19 et 223 jours. Avec l'ozone,
la réaction est encore plus lente. Une étude axjedtiale en chambre a brouillard en présence
d’'un mélange de butane, de dioxyde d’azote et dpybEne a permis d’estimer la demi-vie

du nitrobenzene dans ces conditions a une valenpiise entre 4 et 5 jours. Dans les
étendues d’eau, la photolyse directe se réveldeetrode de décomposition le plus rapide
(demi-vie comprise entre 2,5 et 6 jours), la phaelindirecte (photo-oxydation par les
radicaux hydroxyle, par des électrons hydratésmoprésence d’atomes d’hydrogene ou
encore sensibilisation par les acides humiqueguant qu’un réle minime (la demi-vie
calculée se situe dans ce cas entre 125 joursaslfour la réaction avec les radicaux
hydroxyle, en fonction de la concentration de dahsateur).

En raison de sa solubilité modérée dans I'eau & daleur relativement faible de sa tension
de vapeur, on pourrait penser gu’une certaine ptigmodu nitrobenzene présent dans
'atmosphére est susceptible d’en étre éliminédgsaprécipitations; en fait,
I'expérimentation sur le terrain montre que I'élivation du nitrobenzene par les
précipitations (soit par dissolution dans les geitte pluie, soit par élimination du composé
adsorbé sur des particules) ou par dépot a seseggieable. Il est probable qu’en raison de
sa forte densité de sa vapeur (4,1-4,25 fois delléair), une partie du nitrobenzéne s’élimine
par dépbt de la phase vapeur.

Les données dont on dispose au sujet de I'évapardti benzéne présent dans les étendues
d’eau se révelent quelque peu contradictoiresgpeiselon un modéle informatique, la demi-
vie de volatilisation irait de 12 jours (cours di¢a 68 jours (lac eutrophe) alors que
I'estimation la plus courte citée dans la littératast de 1 jour pour de I'eau de riviere. Une
autre étude sur microcosmes expérimentaux dansllagqn a simulé la décharge au sol
d’eaux usées, a montré que le nitrobenzene nelatligait pas, mais qu’il était totalement
décomposé.

L’étude de la décomposition du nitrobenzéne donperger que le composé subit une
décomposition aérobie dans les usines de traitedesn¢aux d’égout, la dégradation étant
plus lente en anaérobiose. S'il est présent a éanmbeentration dans les eaux d’égout, le
nitrobenzéne ne sera pas forcément totatement gs@mD’ailleurs, une forte teneur en
nitrobenzéne est également susceptible d’'inhibéétammposition des autres déchets. La
biodégradation du nitrobenzéne dépend principal¢aefiacclimatation de la population
microbienne. La biodégradation par des inoculunmsacxlimatés est généralement trés lente,
voire négligeable, et elle ne s’amorce qu’apréslongue période d’acclimatation. Les
microorganismes acclimatés, notamment ceux quii@noent des usines de traitement des
eaux useées industrielles, se révelent en revaragiabtes d’éliminer le composé en I'espace
de quelques jours. On constate en général, quelmetiégradation est accrue par la présence
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d’autres substrats facilement biodégradables. Ejuceoncerne la décomposition dans le sol,
il semble aussi que les facteurs limitants soiealptation de la microflore et la présence
d’autres substrats. On a montré que la décompositi@érobie du nitrobenzéne est trés lente,
méme apres une longue période d’acclimatation.

La mesure des facteurs de bioconcentration dub@troéne chez un certain nombre
d’organismes montre que ce composé n'a qu’un petatd bioaccumulation minime et ne
subit pas de bioamplification le long de la chahmentaire. Il est possible que les plantes
fixent le nitrobenzéne; toutefois, selon les rédaltlont on dispose, s'il est présent au niveau
de I'appareil radiculaire, on ne le retrouve guers faible quantité dans les autres parties de
la plante. Dans une expérience de simulation des$ygsteme constitué par une mare de
ferme, on a constaté que le nitrobenzene restaitagaure partie dans I'eau et n’était ni
accumulé, ni écoamplifié par les microcrustacéslde/es de moustiques, les gastéropodes,
les algues ou diverses especes de plancton etiskops.

4. Concentrations dans I’'environnement et expositio
humaine

La concentration du nitrobenzene dans les prélentnaffectués dans I'environnement -
eaux de surface ou souterraines, air, etc. - esirgiement faible.

Au début des années 1980 on a relevé dans l'aiillde des Etats-Unis des concentrations
allant de < 0,05 a 2dg/m*(< 0,01 et 0,41 partie par milliard) (en moyenri¢harétique).
Selon les données publiées en 1985 par 'Enviromah&notection Agency des Etats-Unis,
moins de 25 % des échantillons d’air prélevés caient du nitrobenzéne, la concentration
médiane étant d’environ 0,Q&/m’ (0,01 partie par milliard); dans les zones urbsite
concentration était généralement inférieureyd/in’ (0,2 partie par milliard), avec des
valeurs légérement plus élevées dans les zonestitedies (moyenne 2 0g/m’, soit 0,40
partie par milliard). Sur 49 échantillons d’air &rs@s au Japon en 1991, 42 se sont révélés
contenir du nitrobenzéne en quantité mesurabl@®?2:®,16ug/m’). Dans I'air au-dessus des
zones urbaines et des sites de décharge, la coati@mtait sensiblement plus faible (ou
méme non décelable) en hiver qu’en été.

On posséde davantage de données sur la tenewsdedaesurface en nitrobenzene que sur
les concentrations atmosphériques. Les valeursnaselon le lieu et la saison, mais elles
sont généralement faibles (environ 0,1 ggdlitre). L'une des valeurs les plus fortes (67
ug/litre) aité relevée en 1990 en Yougoslavie, dans les ealbadube. Aux Etats-Unis en
revanche, on n’a décelé de nitrobenzéne dans alesuéchantillons d’eaux de surface
prélevés a proximité de nombreuses décharges deipgalangereux (statistiques de 1988).
En s’appuyant sur des données en nombre limitgeandire que le risque de contamination
est plus élevé pour les eaux souterraines quelpe@aux de surface; des prélevements
effectués en plusieurs points du territoire dessHthis vers la fin des années 1980 ont révélé
des concentrations 210 a 250, voire 14Q0itre (avec des valeurs encore beaucoup plus
élevées pour un site de gazéification de la hquides analyses effectuées sur de I'eau de
boisson aux Etats-Unis et au Royaume-Uni au caessadnées 1970 et 1980, ont révélé la
présence de nitrobenzéne, mais seulement dansibleegroportion des échantillons. Au
Canada, par contre, sur 30 échantillons analysésnane contenait du nitrobenzene
(statistiques de 1982).
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On n’a pas trouvé de données relatives a la présgmaitrobenzéne dans les denrées
alimentaires, encore que des études effectuéespam &n 1991 aient permis d’en découvrir
dans une petite fraction (4 sur 147) des échansiltie poisson analysés. Une étude menée en
1985 aux Etats-Unis sur des échantillons de binéssdivers, n’a pas permis d’en déceler la
présence.

La population dans son ensemble est susceptibied&posée au nitrobenzene présent dans
I'air ou éventuellement dans I'eau de boisson.dlgalement un risque d’exposition dd a
certains produits de consommation, mais on manquimdnées précises a ce sujet. Selon des
etudes effectuées dans I'Etat du New Jersey, sugtéaest des Etats-Unis (qui connait des
étés chauds a torrides et des hivers froids aacles concentrations sont plus élevées en
été qu’en hiver du fait de la formation de nitrob&me par nitration du benzéne provenant de
'essence et de la plus grande volatilité du n#rotene pendant les grandes chaleurs; en
hiver, I'exposition par I'intermédiaire de I'air dnant est sans doute négligeable. Si I'on se
base sur les analyses de I'air et I'estimationédeissions au cours de la production, seules les
populations qui résident a proximité d’installasandustrielles (c’est-a-dire d’unités de
production ou d’unités utilisant du nitrobenzénenare intermédiaire de synthése) ou de
raffineries de pétrole, sont susceptibles d’étreskdement exposées au nitrobenzene.
Cependant, les personnes qui vivent sur d’ancied@esarges de déchets dangereux ou aux
alentours de tels sites risquent également unesdigoplus importante, soit du fait de la
pollution des eaux souterraines, soit en raisola dentamination du sol et de la fixation du
compose par les plantes.

Les niveaux d’exposition professionnelle devrai&ne inférieurs a la limite généralement
adoptée pour I'exposition par voie aérienne (5 nigéwit 1 ppm). Les données disponibles
montrent que le nitrobenzéne est bien absorbépani¢ transcutanée, sous la forme de
vapeur ou de liquide; I'exposition cutanée pourdainc étre importante, mais on manque de
données sur ce point.

5. Cinétique et métabolisme

Le nitrobenzéne est un liquide volatil qui peuilEment pénétrer dans I'organisme par
inhalation, par voie percutanée sous forme de vapelencore par ingestion ou pénétration
du liguide dans le derme. Chez le rat, I'activatiionnitrobenzene en métabolites conduisant a
la formation de méthémoglobine se révele dépemigrande partie de la flore intestinale.
L’expérimentation animale montre que la majeurgi@au nitrobenzéne (environ 80 % de la
dose) est métabolisée et éliminée en 'espacejaierS. Le reste n’est que lentement éliminé.
Cette lenteur est probablement due au recyclageréoytaire des formes rédox du composé
et des conjugués avec le glutathion. On a mis &epee la formation de liaisons covalentes,
vraisemblablement avec les groupements sulfhydiglehémoglobine.

Chez les rongeurs et les lapins, les principawabatites urinaires sont constitués pape
nitrophénol et lgp-aminophénol. Chez I'étre humain, une partie ddolse absorbée est
excrétée par la voie urinaire; 10 a 20 % de ceite dont excrétés sous formepee
nitrophénol (qui peut donc étre utilisé pour lavgilfance biologique). La demi-vie
d’élimination est estimée a environ 5 h poupeitrophénol pendant la phase initiale et a
plus de 20 h pendant la phase finale. L'autre noditeturinaire (lep-aminophénol) n’est
présent en quantité importante qu’en cas d’exmosdiune dose élevée.
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6. Effets sur les mammiferes de laboratoire et les/stemes
d’épreuvein vitro

Le nitrobenzéne exerce ses effets toxiques suruliipias organes et par toutes les voies
d’exposition. Chez le rat et la souris, I'expositjpar voie orale, cutanée, sous-cutanée ou
respiratoire provoque une méthémoglobinémie quiwa ponséquence une anémie
hémolytique, une congestion de la rate et du fiisi gu’'une hémopoiese meédullaire et
splénique.

Des lésions capsulaires de la rate ont été obseoh®&z des rats ayant regu du nitrobenzene
par gavage (a des doses quotidiennes ne dépassal®, 35 mg/kg de poids corporel) ou par
application cutanée (a raison de 100 mg/kg p.cjquaret au-dela). Des Iésions spléniques
analogues ont déja été observées apres expostiies @lorants a base d’aniline, qui pour
certains d’entre eux, ont provoqué des sarcoméss idee lors d’études de cancérogénicité
chronique effectués sur des rats. Apres adminisitrgiar gavage ou application cutanée, on a
observé chez des rats et des souris la préserésidies hépatiques consistant en une nécrose
des hépatocytes centrolobulaires, la présenceadéateis proéminents dans les hépatocytes,
une dégénérescence hydropique séveére et une aatiomule pigments dans les cellules de
Kupffer. Une augmentation de la vacuolisation dedae X de la surrénale a été observée
chez des souris femelles aprés administration giararale et application cutanée.

Lors d’études subchroniques au cours desquellemhgpose a été administré a des souris et a
des rats soit par voie orale, soit en applicatmrianées, on a observé, au niveau du cervelet
et du tronc cérébral, des lésions du systeme neaniral engageant le pronostic vital. Ces
Iésions, qui consistaient également en pétéchim®iragiques, pourraient étre soit des effets
toxiques directs, soit des effets indirects dubypbxie ou a I’hépatotoxicité du nitrobenzéene.
Selon la dose administrée, ces effets neurotoxiges®nt manifestés cliniquement par une
ataxie, une téte penchée et arquée, la perte ldueéfe redressement, des tremblements, un
coma et des convulsions.

Parmi les autres organes cibles figure le reindgaugmenté, gonflement de I'épithélium
glomérulaire et tubulaire, pigmentation des cefiude I'épithélium tubulaire), I'épithélium
nasal (glandularisation de I'épithélium respiragpuépobt de pigments dans I'épithélium
olfactif, avec dégénérescence épithéliale), laditlg (hyperplasie folliculaire), le thymus
(involution) et le pancréas (infiltration par desmonucléaires). Chez le lapin, on observe des
lésions anatomopathologiques au niveau pulmonampliyseme, atelectasie et
bronchiolisation de la paroi alvéolaire).

L’exposition prolongée (505 jours) de souris B6¢CBRles et femelles, ainsi que de rats et de
rattes Fischer-344 et Sprague-Dawley, a permisaili@v la toxicité et la cancérogénicité
potentielles du nitrobenzene administré par la vespiratoire. Il N’y a pas eu d’effet négatif
sur la survie aux concentrations utilisées (jus@6@ mg/m, soit 50 ppm pour la souris;
jusqu’a 130 mg/rf) soit 25 ppm pour les rats), mais I'inhalationniteobenzéne s’est révélée
toxique et cancérogene chez les deux espéeces asigtdes deux souches de rats,
provoguant un éventail de tumeurs bénignes ou megigiu poumon, de la thyroide, de la
glande mammaire, du foie ou du rein.

Le nitrobenzéne s’est révélé dépourvu de génoteiitivitro pour les cellules bactériennes et
mammaliennes ah vivo pour les cellules mammaliennes. Les études puhtieenotamment
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porté sur 'endommagement et la réparation de I'AINY mutations géniques, les effets
chromosomiques et la transformation cellulaire.

De nombreux travaux confirment la toxicité test@gté du nitrobenzéne, les points
d’aboutissement les plus sensibles de cette aftiiogue étant, dans I'ordre, la mobilité et le
nombre de spermatozoides, puis leur mobilité pssive et leur viabilité ainsi que la
présence de spermatozoides anormaux et enfinpiawtion de l'indice de fécondité.

Lors d’une étude sur la toxicité génésique (togipibur la fonction de reproduction) du
nitrobenzéne au cours de laquelle on a fait inHalproduit a des rats Sprague-Dawley, on a
constaté qu’a la concentration de 200 nig/4® ppm) mais a I'exclusion de celles de 5 et de
51 mg/nt (1 et 10 ppm), I'indice de fécondité des génératif et F; était fortement réduit,

en relation avec des effets toxiques sur I'appaepitoducteur male; cette hypofertilité s’est
révélée partiellement réversible, lorsque les aoige la génération;FSoumis a la
concentration de 200 mgont été accouplés avec des femelles vierges nibé@esaapres

une période de récupération de 9 semaines. Tosjefioe etude effectuée sur la méme souche
de rats, mais en utilisant la voie orale cette (@3 100 mg/kg de poids corporel a partir du
14éme jour précédant I'accouplement jusqu’au 4&mede lactation), a montré qu’a part
une réduction du poids des ratons et une augmentddi la mortalité postnatale, le
nitrobenzéne n’avait eu aucun effet sur les pan@aéenésiques. L’absence d’effet sur la
fécondité dans cette étude s’explique par le datetvalle de temps entre I'administration et
I'accouplement et également par le fait que les padbduisent des spermatozoides en tres
grand exces. Une réduction de la fertilité des masociée a une importante atrophie
testiculaire a été observée chez des rats et des;sthez la souris, les effets se sont
manifestés a la dose quotidienne de 300 mg/kgadrinistrée par gavage et a la dose de 800
mg/kg p.c. administrée quotidiennement par appboatutanée. Chez le rat, ces effets ont
fait leur apparition a la dose quotidienne de 73ka@.c. administrée par gavage et de 400
mg/kg p.c. administrée quotidiennement par appboatutanée. Les manifestations toxiques
au niveau testiculaire consistaient en une desqtiamae I'épithélium séminifére,

I'apparition de cellules géantes polynucléées,atngphie macroscopique et une aspermie
prolongée. Les étud@s vivo etin vitro montrent que le nitrobenzene a des effets digeots

le testicule. Ces effets affectent la spermatog&r@gec une exfoliation qui touche des
cellules germinales pour la plupart viables et dégénérescence des cellules de Sertoli. Le
principal effet histopathologique consiste danddgénérescence des spermatocytes.

En régle générale, on n'a pas constaté d’atteunt@\eeau des organes reproducteurs
femelles, sauf dans le cas d’'une étude qui a mé&yelence une atrophie de I'utérus chez la
souris apres administration quotidienne d’'une dies800 mg/kg p.c. par application cutanée.

En ce qui concerne les effets toxiques sur le d@paiment, les études effectuées sur des rats
et des lapins indiquent que I'exposition au nitratEne par la voie respiratoire ne produit pas
d’effets foetotoxiques, embryotoxiques ou térat@gesmux concentrations qui sont toxiques
pour la mére. A la concentration la plus forte &ad530 mg/my soit 104 ppm, chez le

lapin), le nombre moyen de sites de résorptioa eapport résorptions/nidations étaient plus
nombreux chez les animaux traités que chez lesibdnconcomitants mais ils se situaient
dans la limite des valeurs relevées chez les t&rogioriques. Des effets (augmentation du
taux de méthémoglobine et du poids du foie) onbbservés sur les meres a la concentration
de 210 mg/m (41 ppm).
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Une étude sur 'immunotoxicité du nitrobenzene @fiée avec des souris B6G3Fmis en
évidence une augmentation de la cellularité datks une certaine immunodépression se
traduisant par une réduction de la réponse en lgh/Eaythrocytes de mouton et une
stimulation de la moelle osseuse. La résistandéhdie aux infections microbiennes ou
virales n’a pas sensiblement souffert de I'admiatgin de nitrobenzéne, si ce n'est une
tendance a 'augmentation de la sensibilité chezdes pour lesquelles les cellules T
intervenaient dans les mécanismes de défense.

7. Effets sur 'Homme

Le nitrobenzéne est toxique pour I'étre humain &naexposition par voie cutanée,
respiratoire ou orale. Chez I'Homme, le principféiegénéral consécutif a une exposition au
nitrobenzéne est une méthémoglobinémie.

On connait de nombreux cas d’intoxication et deedélus a I'ingestion de nitrobenzene. En
cas d’ingestion ou lorsque le malade était semilsttr le point de mourir par suite d’'une
méthémoglobinémie sévere, la cessation de I'exipasét une prompte intervention médicale
lui ont permis de se rétablir progressivement jissgécupération compléte. Une dose de
nitrobenzéne suffisamment forte peut étre mortglielle que soit la voie d’absorption, mais
on estime peu probable la survenue d’une exposissez intense pour avoir une issue fatale,
sauf en cas d’accident industriel ou de suicide.

En cas d’exposition humaine au nitrobenzéne, gesiablement la rate qui constitue un des
organes cibles. Ainsi, chez une femme exposée mMeagarofession a du nitrobenzéne présent
dans de la peinture, on a constaté une splénoreéyalompagnée d’'une sensibilité de la rate
a la palpation.

Chez une autre femme exposée a du nitrobenzena yaie respiratoire, on a constaté des
effets hépatiques consistant notamment en hépatimé&yec sensibilité a la palpation ainsi
gue des anomalies dans les parametres biochimsgnes!ins.

Les symptémes de neurotoxicité observés chez I'Herapnes inhalation de nitrobenzéne,
consistent en céphalées, confusion, vertiges etéesu Ces symptomes s’observent également
apres ingestion de nitrobenzene, avec en outreeggirgoma.

8. Effets sur les étres vivants dans leur milieu narel

Le nitrobenzéne se révele toxique pour les bast@tid peut géner le fonctionnement des
installations de traitement des eaux d’égout IGikgest présent a forte concentration. C'est
pour la bactéri®litrosomonagjue I'on a trouvé la concentration toxique la ghible pour un
microorganisme, avec une §Hconcentration qui provoque 50 % d’inhibition dauactivité

ou d'un processus - dans le cas présent l'inhibitie la consommation d’ammoniac) égale a
0,92 mg/litre. En ce qui concerne les autres valeur a 1,9 mg/litre pour la concentration
sans effet observable (NOEC) a 72 h sur le proioz&atosiphon sulcatupet également 1,9
mg/litre pour la concentration la plus faible pradunt un effet a 8 jours (LOEC) sur I'algue
bleueMicrocystis aeruginosa

En ce qui concerne les invertébrés d’eau doucediesirs de la toxicité aigué (gda 24-48
h) vont de 24 mgl/litre pour la daphn@gphnia magnga 140 mg/litre pour le gastéropode
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Lymnaea stagnalisS’agissant des invertébrés marins, on donne covaeer la plus faible
le chiffre de 6,7 mg/litre pour la Gga 96 h dans le cas d'une crevette de la familie de
mysidés Mysidopsis bahialLa valeur la plus faible obtenue dans un tesogieité chronique
est de 1,9 mg/litre pour la NOEC a 20 jours et edlecernéddaphnia magnaPour ce méme
invertébré, la Ckp relative a la reproduction est de 10 mg/litre.

Les poissons d’eau douce sont également peu semsibinitrobenzéene. On a obtenu, pour la
CLso a 96 h, des valeurs qui vont de 24 mg/litre darsab du medak®¢yzias latipeya 142
mg/litre dans le cas du guppdecilia reticulaty. Aucun effet n’a été constaté sur la
mortalité ou le comportement du medaka lors d’uposition de 18 jours a la concentration
de 7,6 mg/litre.

9. Evaluation du danger et du risque

Dans les cas d’exposition humaine, on observe wthédmoglobinémie suivie d’anomalies
hématologiques et spléniques, mais les donnéesrdidps ne permettent pas de déterminer
une relation exposition-réponse quantitative. daszongeurs, on constate aussi une
méthémoglobinémie ainsi que des effets hématolegigt des effets sur le testicule auxquels
s’ajoutent également des effets sur I'appareiliratgre révélés par les tests d’inhalation.
Une méthémoglobinémie, une hypospermie épididynimia¢érale et une atrophie

testiculaire également bilatérale ont été obsergbes le rat a la concentration la plus faible
étudiée (5 mg/th soit 1 ppm). Chez la souris, on a constaté uaedhiolisation plus

fréquente des parois alvéolaires ainsi qu’une Iplpsie broncho-alvéolaire a la
concentration la plus faible étudiée (26 my/soit 5 ppm). Une réaction cancérogéne a été
observée chez le rat et la souris apres expostiamtrobenzene : il s'agissait de carcinomes
mammaires chez des souris femelles B6C8€ carcinomes hépatiques chez des rats males
Fischer-344 ou d’adénocarcinomes folliculairesadthyroide chez des rats males de cette
méme souche. Des tumeurs bénignes ont été obseladesing organes. Les études de
génotoxicité ont généralement donné des résuléaatiis.

Bien que plusieurs métabolites du nitrobenzénespuaisétre considérés comme étant a
I'origine des propriétés cancérogenes de ce compos@nore quel en est le mécanisme. Les
mécanismes rédox étant sans doute communs aHi@tmain et aux animaux de laboratoire,
on suppose que le nitrobenzene est susceptibleodequer des cancers chez 'Homme
guelle que soit la voie d’exposition.

Il est probable que la population générale estepg@osée au nitrobenzene par I'air ou I'eau. Il
n'a été possible de tirer une valeur de la doss s#at nocif observable (NOAEL) d’aucune
des études toxicologiques effectuées, mais il sempd le risque d’effets non néoplasiques
soit faible. Si I'exposition est suffisamment falgour ne pas provoquer de tels effets, il est
également probable qu’il n'y aura pas non plusfdtefcancérogenes.

Des intoxications par le nitrobenzene présent daress produits de consommation se sont
frequemment produites par le passé. Comme la tedgivapeur du composeé est
modérément forte et qu'il est largement résorbdaeaoie percutanée, une exposition
humaine importante est possible par cette voieollre, le produit dégage une odeur
d’amande ameére assez agréable, de sorte qu’onpais$brcément dissuadé de consommer
des aliments ou de I'eau contaminés. Les nourrgssont particulierement sensibles aux
effets du nitrobenzene.
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Les données relatives a I'exposition sur le liedrdeail sont limitées. Une étude effectuée
dans ces conditions a montré que les travailleaisré exposés a des concentrations du
méme ordre que la LOAEL (concentration la plusl&aprovoquant un effet nocif observable)
déterminée a I'occasion d’'une étude avec exposiotongée par la voie respiratoire. Il y a
donc la un sérieux motif d’inquiétude pour la saiag travailleurs exposés au nitrobenzéne.

Le nitrobenzéne n’a guére tendance a la bioaccuionlat il peut subir une

biotransformation par voie aérobie ou anaérobiecd&qui concerne les organismes terrestres,
il y a peu de chances qu’on retrouve dans I'enviesnent le méme degré de gravité que dans
les tests de laboratoire, sauf peut-étre dansatesszoroches d’entreprises ou I'on produit ou
utilise du nitrobenzéne ou qui ont pu étre conta@&msnpar un déversement accidentel.

En utilisant d’'une part, les données de toxicitgi@idisponibles et une distribution statistique,
et, d’autre part, le rapport de la toxicité aigua #oxicité chronique tiré des résultats obtenus
sur des crustacés, on peut estimer ai2filitre la limite de concentration de nitrobenzéene
deca de laquelle 95 % des espéces dulcaquicoleprabégées avec un degré de confiance de
50 %. Il est donc peu probable que le nitrobenpeésent dans I'environnement représente
un danger pour les especes aquatiques, comptelésmoncentrations habituellement
mesurées dans les eaux de surface, a savoir ¢hteé Qug/litre. Mcme a la concentration la
plus élevée qui ait été signalée (G¥litre), le nitrobenzene ne devrait pas constituesujet

de préoccupation pour les organismes d’eau douce.

Les informations disponibles sont insuffisantesrppue I'on puisse établir une valeur-guide
applicable aux organismes marins.

RESUMEN

1. Identidad, propiedades fisicas y quimicas y mé&los
analiticos

El nitrobenceno es un liquido oleoso de incoloamrarillo palido con un olor que recuerda al
de las almendras amargas o el "betun para el @alZaigne un punto de fusion de 5,7°C y un
punto de ebullicion de 211°C. Su presion de vapatee20 Pa a 20°C y su solubilidad en
agua de 1900 mg/l a 20°C. Representa un pelignecgedio, con un punto de inflamacién
(método del vaso cerrado) de 88°C y un limite esipto(inferior) de 1,8% en volumen en el
aire. Su log del coeficiente de reparto octanokaggide 1,85.

Hay una serie de métodos analiticos para la ciatién del nitrobenceno en muestras de
aire, agua y suelo. También existen métodos paigilancia de los trabajadores expuestos
sistematicamente a esta sustancia. Para |la detaidnnde metabolitos urinarios, incluido el
p-nitrofenol (también metabolito urinario de losenticidas érganofosforados paration y
metilparation), parece adecuado el método de laatmgrafia liquida de alto rendimiento en
fase invertida. También hay métodos disponiblea [zadeterminacion de la anilina liberada
a partir de los aductos de hemoglobina y para mgter la metahemoglobina que producen
los metabolitos del nitrobenceno.

2. Fuentes de exposicion humana y ambiental
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El nitrobenceno no se encuentra de forma natural eredio ambiente. Es un producto
sintético, mas del 95% del cual se utiliza en dpccidn de anilina, intermediario quimico
importante que se usa en la fabricacion de podnast; el nitrobenceno se usa también como
disolvente en el refinado del petréleo, como disote en la fabricacion de éteres y acetatos
de celulosa, en la fabricacion de dinitrobencendglproanilinas y en la sintesis de otros
compuestos organicos, incluido el acetaminofén.

A comienzos del siglo XX, el nitrobenceno se utiba algo como aditivo de los alimentos
(sustitutivo de la esencia de almendras) y tamtbgemanera generalizada como disolvente en
diversos productos patentados, en particular bgdéa calzado, tintas (incluidas las tintas
utilizadas para estampar los pafales de bebé rewigdos de los hospitales) y en varios
desinfectantes, de manera que entonces se hapaantial significativo de exposicion del
publico.

Los registros disponibles ponen de manifiesto gukdbido un aumento significativo de la
produccion anual de nitrobenceno durante los 30HIos afios. La mayor parte se mantiene
en sistemas cerrados para utilizarlo en otrasss$ntearticularmente de anilina, pero también
de nitrobencenos y anilinas sustituidos. Las péslalrante la produccion de nitrobenceno
probablemente son bajas; sin embargo, cuandorebaiiceno se utiliza como disolvente las
emisiones pueden ser mas altas. Se ha demostradasgustalaciones de incineracion de
fangos cloacales emiten nitrobenceno y se ha meshdd aire en los vertederos de residuos
peligrosos.

Se puede formar nitrobenceno en la reaccion deldmenen la atmaosfera en presencia de
oxidos de nitrogeno, aunque no se ha cuantificathofaente. Se ha notificado que la anilina
se oxida lentamente a nitrobenceno mediante elmzon

3. Transporte, distribucion y transformacion en elmedio
ambiente

El nitrobenceno se puede degradar por fotolisisnbpdegradacion microbiana.

Las propiedades fisicas del nitrobenceno pareaboanque la transferencia del agua al aire
serd significativa, aunque no rapida. La fotodegeaih del nitrobenceno en el aire y el agua
es lenta. A partir de los experimentos de fotolisiscta en el aire se determinaron semividas
de <1 dia, mientras que las semividas calculadaslaaeaccion con radicales hidroxilo
oscilaban entre 19 y 223 dias. Con el ozono, leciéa se produce incluso con mayor
lentitud. Los experimentos en una camara de naiauna mezcla de propileno/
butano/dioxido de nitrégeno dieron una semividaresla para el nitrobenceno de cuatro a
cinco dias. En masas de agua, la fotolisis dirgatace ser la via de degradacion mas rapida
(semividas de entre 2,5 y 6 dias), mientras qitddisis indirecta (fotooxidacidén con
radicales hidroxilo, atomos de hidrégeno o ele@sdmdratados, sensibilizacion con acidos
hamicos) desempeiia una funcidon secundaria (semicalauladas de 125 dias a 13 afios para
la reaccién con los radicales hidroxilo, en fundai@la concentracion del sensibilizador).

Debido a su solubilidad moderada en agua y a Ed@rale vapor relativamente baja, cabe
suponer que la lluvia arrastre en cierta medidatelbenceno de la atmdésfera; sin embargo,
en experimentos sobre el terreno parecia queadtegrpor la lluvia (ya fuera mediante la
disolucién en las gotas de lluvia o por eliminadaii@h nitrobenceno adsorbido sobre
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particulas) y unido a particulas era insignificaitebido a su densidad de vapor (4,1-4,25
veces la del aire), los procesos de eliminaciola @maosfera pueden incluir la sedimentacion
de vapores.

Los datos reales sobre la evaporacion del nitrabena partir de masas de agua parecen ser
algo contradictorios, con un prondstico de las s&tas de volatilizacion mediante un modelo
informatico de 12 dias (rios) a 68 dias (lago ¢ieh La estimacidn mas breve citada en la
bibliografia fue de un dia (a partir de agua dg dno otro estudio de microcosmos
experimentales en los que se simulaba la aplicat@@guas residuales en el suelo se informéd
de que el nitrobenceno no se habia volatilizadm pe habia degradado completamente.

Los estudios de degradacion parecen indicar qagrebenceno se degrada en las
instalaciones de tratamiento de aguas residualdmnte procesos aerobios, con una
degradacion mas lenta en condiciones anaerobiastrébenceno puede no degradarse
necesariamente por completo si su concentracideseaguas residuales es alta. Las
concentraciones elevadas también pueden inhibiotiegradacion de otros desechos. La
biodegradacion del nitrobenceno depende sobrededa aclimatacion de la poblacion
microbiana. La degradacion mediante indculos nionathdos suele ser de muy lenta a
insignificante y se produce solamente después dedos de aclimatacion prolongados. Sin
embargo, los microorganismos aclimatados, en pdatitos procedentes de instalaciones
industriales de tratamiento de aguas residualestraron una eliminacién completa del
nitrobenceno en unos dias. Se observé que en yéndegradacion aumentaba en presencia
de otros sustratos facilmente degradables. La adéptde la microflora y otros sustratos
también parecen ser factores limitantes de la dgsosicion del nitrobenceno en el suelo. Se
ha demostrado que la degradacion del nitrobenaecordiciones anaerobias es muy lenta,
incluso después de periodos de aclimatacion prating)

Los factores de bioconcentracion medidos paratelb@nceno en algunos organismos
indican un potencial minimo de bioacumulacion; afsesbioamplificacion a través de la
cadena alimentaria. Las plantas pueden absorbérabenceno; sin embargo, en los estudios
disponibles parecia estar asociado con las raioasyypoco con otras partes de la planta. En
un ecosistema acuatico simulado de "estanque pia¢iel nitrobenceno se mantenia
fundamentalmente en el agua y no se almacenalaptifiaaba ecologicamente en la pulga
de agua, ni en las larvas de mosquito, los caraclale algas o diversos tipos de plancton o de
peces.

4. Niveles ambientales y exposicion humana

Las concentraciones de nitrobenceno en muestrasetkb ambiente, por ejemplo aguas
superficiales, agua fredatica y aire, son generaieneajas.

Algunos niveles medidos en el aire de ciudadessi&stados Unidos a comienzos de los
afios ochenta oscilaban entre <0,05 y 2,1 fig#®01 y 0,41 ppmm) (medias aritméticas).
Los datos notificados por la Agencia para la Pméecdel Medio Ambiente de los Estados
Unidos en 1985 indicaban que eran positivas mealb25%6 de las muestras de aire en los
Estados Unidos, con una concentracién medianaegealor de 0,05 ugfhg0,01 ppmm); en
zonas urbanas, los niveles medios eran generalimdatiores a 1 pg/f(0,2 ppmm), con

niveles ligeramente mas altos en zonas industrfaiesia de 2,0 pg/fj0,40 ppmm]). De 49
muestras de aire medidas en el Japén en 1991niéd ten nivel detectable, de 0,0022-
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0,16 pg/m. Los niveles en zonas urbanas y lugares de elaidinale desechos en invierno
eran significativamente mas bajos (o indetectalojaes)en verano.

Los datos sobre los niveles de nitrobenceno egua auperficial parecen ser mas amplios
que los relativos al aire. Si bien los niveles ganables en funcién del lugar y la estacion, en
general se han medido niveles bajos (alrededorldé Qg/l). Uno de los niveles mas altos
notificados fue de 67 ug/l en el rio Danubio (Yugem) en 1990. Sin embargo, no se detectd
nitrobenceno en ninguna de las muestras de aged#fisigl recogidas cerca de un gran
namero de vertederos peligrosos en los EstadosoBfiobtificacion de 1988). Basandose en
los limitados datos, parece que el potencial déaroimacion del agua freatica podria ser
mucho mayor que para el agua superficial; en laticiomes en varios lugares de los Estados
Unidos a finales de los afios ochenta se detectaveles de 210-250 y 1400 pg/l (con
niveles mucho mas altos en un lugar de gasificasd#eoarbon). En estudios realizados en los
afnos setenta y ochenta en los Estados Unidos giebRInido se ha informado de la
presencia de nitrobenceno en el agua de bebidguawdlo en una pequefa proporcion de
muestras, pero no se detecto en 30 muestras caseslignforme de 1982).

No se localizaron datos sobre la presencia delbitrceno en los alimentos, aunque en
estudios japoneses realizados en 1991 se deteattagrequeria proporcién de muestras (4 de
147) de peces. No se detecto en un gran numeradstras de biota en un estudio de los
Estados Unidos de 1985.

La poblacion general puede estar expuesta a coacemtes variables de nitrobenceno en el
aire y posiblemente en el agua de bebida. Hay tamina exposicion potencial a partir de
productos de consumo, pero no se dispone de infd@marecisa. En estudios realizados en
el estado de Nueva Jersey, en la costa orientakdestados Unidos (con veranos de calidos
a calurosos e inviernos de frios a muy frios)ztagas urbanas tenian niveles mas altos en
verano que en invierno debido a la formacion d®bénceno por nitracién del benceno
(procedente del petréleo) y a la mayor volatilidatinitrobenceno durante los meses mas
calidos; la exposicion en el aire ambiente enwgeimo puede ser insignificante. Basandose
en los estudios del aire y en las estimacioneaslerhisiones durante la aplicacion, son las
poblaciones en las cercanias de actividades diedalim (es decir, productores y
consumidores industriales de nitrobenceno paras@posterior) y refinerias de petroleo las
gue probablemente tendran una exposicion sigrifecal nitrobenceno. Sin embargo, las
personas que viven en zonas con residuos peligatmoglonados y en torno a ellas pueden
tener también un potencial de exposicidbn mas etgv@ebido a la posible contaminacion del
agua freatica y el suelo y a la absorcion del béreeno por las plantas.

Los niveles de exposicion ocupacional deberiaimgeniores al limite de exposicion en el
aire ampliamente adoptado de 5 my(thppm). Basandose en los datos disponibles, @arec
gue el nitrobenceno se absorbe bien por via cutéen@a en forma de vapor como de liquido;
por consiguiente, la exposicion cutanea puedenggoritante, pero no se dispone de datos.

5. Cinética y metabolismo

El nitrobenceno es un liquido volatil que puedegbem facilmente en el organismo por
inhalacion y a través de la piel en forma de vagsircomo por ingestion y absorcion cutanea
del liquido. La activacion del nitrobenceno ensagiara producir metabolitos formadores de
metahemoglobina parece estar mediada en un grgbtante por la microflora intestinal.

En animales de experimentacion, la mayor partaittelbenceno (alrededor del 80% de la
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dosis) se metaboliza y elimina en un plazo dedtas. El resto se elimina sélo lentamente. La
lentitud del compartimento se debe probablemenigedos eritrocitos reciclan las formas
redox del nitrobenceno y los conjugados del glatatSe ha demostrado la formacién de
enlaces covalentes, posiblemente con los grup@isdnilb de la hemoglobina.

Los principales metabolitos urinarios en roedoresnejos son g-nitrofenol y elp-
aminofenol. En las personas, parte de la dosiglaidscse excreta en la orina; el 10-20% de
la dosis se excreta corpenitrofenol (que de esta manera se puede utiliaea |a vigilancia
biolégica). Las semividas de eliminacion para-eitrofenol se estiman en unas cinco horas
(fase inicial) y >20 horas (fase posterior). El atelito urinariop-aminofenol es importante
solo con dosis altas.

6. Efectos en mamiferos de laboratorio y en sistermae
pruebain vitro

El nitrobenceno produce toxicidad en multiples aagapor todas las vias de exposicion. La
exposicién oral, cutanea, subcutanea y respiradbnérobenceno en ratones y ratas da lugar
a metahemoglobinemia, con la consiguiente anenmeoliéca, congestion esplénica y
hematopoyesis en el higado, la médula 6sea y el baz

Se observaron en ratas lesiones capsulares eggdanto en la administracion mediante
sonda (con dosis de solo 18,75 pg/kg de peso @ragladia) como por via cutanea (con 100
mg/kg de peso corporal al dia 0 mas). Se han chderanteriormente lesiones esplénicas
semejantes con colorantes a base de anilina, agielws cuales produjeron sarcomas
esplénicos en estudios de carcinogenicidad cr@magatas. Se observaron efectos hepéaticos
en ratones y ratas tras la administracion de retitobno mediante sonda y por via cutanea,
con necrosis de los hepatocitos centrilobularesieatio de tamarfio de los nucleolos
hepatocelulares, degeneracion hidropica grave malacion de pigmentos en las células de
Kupffer. Se detecté un aumento de la vacuolacidla gona X de las glandulas suprarrenales
en ratones hembra tras la administracion oral 4.

En estudios subcrénicos por via oral y cutaneatmes y ratas, se produjeron lesiones del
sistema nervioso central en el cerebelo y el trammefalico potencialmente mortales. Estas
lesiones, con inclusion de hemorragias petequiplesjen tener efectos tdxicos directos o
mediados por efectos vasculares de hipoxia o ttegchepatica. En funcion de la dosis, estos
efectos neurotdxicos fueron muy manifiestos en &od®m ataxia, inclinacién de la cabeza y
arqueo, pérdida del reflejo de enderezamiento, ltmedy) coma y convulsiones.

Otros 6rganos destinatarios eran el rifidn (aumeeltpeso, inflamacion del epitelio
glomerular y tubular, pigmentacion de las célulalsegitelio tubular), el epitelio nasal
(glandularizacion del epitelio respiratorio, depa®i de pigmentos en el epitelio olfatorio y
su degeneracion), el tiroides (hiperplasia de éhglas foliculares), el timo (involucién) y el
pancreas (infiltracion de las células mononuclgaregentras que en los conejos se informo
de patologia pulmonar (enfisema, atelectasis yduiotizacion de las membranas celulares
alveolares).

Tras una exposicion prolongada por inhalacion @&@s) de ratones B6Cg3macho y

hembra, ratas Fischer-344 macho y hembra y ratag&@-Dawley macho y hembra, se
evaluaron la carcinogenicidad y la toxicidad pot&les del nitrobenceno. La supervivencia
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no se vio afectada negativamente con las concemescsometidas a prueba (hasta 260

mg/nt [50 ppm] para los ratones; y hasta 130 nid&26 ppm] para las ratas), pero el
nitrobenceno inhalado fue téxico y carcinogénica@eas especies y en ambas cepas de rata,
induciendo en ellas un espectro de neoplasias tenigmalignas (pulmon, tiroides, glandula
mamaria, higado, rifion).

El nitrobenceno no fue genotdxico en bacterias g&mas de mamiferio vitro y en células
de mamiferan vivo. Los estudios notificados incluian lesiones eAl@N y valoraciones de
reparacion, de mutacion genética, de efectos cromales y de transformacion celular.

Numerosos estudios han confirmado la toxicidadcdsr del nitrobenceno, siendo los
efectos finales espermaticos mas sensibles el miyrlarmovilidad de los espermatozoides,
seguidos de la movilidad progresiva, la viabilidadpresencia de esperma anormal y, por
ultimo, el indice de fecundidad.

En un estudio de toxicidad reproductiva en dos ig@ienes con ratas Sprague-Dawley por
inhalacién, el nitrobenceno a 200 mg/@0 ppm), pero no a5 6 51 mg/(d 6 10 ppm),
provocé una fuerte disminucién del indice de feddad de la generacioneg ¥ F;, asociada
con toxicidad del sistema reproductivo masculirsba @isminucion de la fecundidad era
parcialmente reversible cuando la generaciodeFgrupo tratado con 200 mg/se

emparejaba después de un periodo de recuperaciuede semanas con hembras virgenes
no tratadas. Sin embargo, en un estudio de admaicidh oral en la misma raza de ratas (20-
100 mg/kg de peso corporal desde 14 dias antexdplamiento hasta el cuarto dia de
lactacién), el nitrobenceno no tuvo efectos erplrametros reproductivos, aunque disminuia
el peso corporal de las crias y aumentaba la pedi#igeso postnatal. La falta de efectos en la
fecundidad en este estudio se debid al reduciéoviaib de administracion antes del
apareamiento y al hecho de que las ratas prodspaEnea en gran abundancia. Se observo
una alteracion de la fecundidad masculina con tneéiatesticular importante en ratones y
ratas; los efectos en los ratones fueron maniesto dosis de 300 mg/kg de peso corporal al
dia mediante sonda y de 800 mg/kg de peso corglodéh por via cutanea y en ratas con
dosis de 75 mg/kg de peso corporal al dia medsorida y de 400 mg/kg de peso corporal al
dia por via cutdnea. Se detecto toxicidad testiemdorma de descamacion del epitelio
seminifero, aparicion de células gigantes multieadas, atrofia elevada y aspermia
prolongada. El nitrobenceno tiene efectos direetokos testiculos, puestos de manifiesto en
estudiosn vivoein vitro. Afecta a la espermatogenesis, con la exfoliad®tas células
germinales predominantemente viables y la degeiderde las células de Sertoli. El

principal efectos histopatoldgico es la degenerad®los espermatocitos.

En general, no se vieron afectados los 6rganosdaptivos maternos, excepto en un estudio
en el que se observo atrofia uterina en ratonssutra dosis cutanea de 800 mg/kg de peso
corporal al dia.

Los estudios de toxicidad en el desarrollo en ratatones pusieron de manifiesto que la
exposicion por inhalacidén a concentraciones delminceno suficientes para producir
toxicidad materna no provocaba efectos fetotoxieosyriotoxicos o teratogénicos. Con la
concentracién mas alta sometida a prueba en esttadi@s (530 mg/m[104 ppm] en un
estudio con ratones), los valores medios de lcarésgde resorcion y el porcentaje de
resorciones/implantaciones fueron mas altos engesp® que en los testigos
correspondientes, pero se mantuvieron dentro garte historica de los testigos; se
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observaron efectos maternos (es decir, mayoretenide metahemoglobina y aumento del
peso del higado) a partir de 210 my(dl ppm).

En un estudio sobre la inmunotoxicidad del nitralegro en ratones B6Cgprovoco un
aumento de la celularidad del bazo, cierto gradimi&nosupresion (disminucién de la
respuesta de la IgM a los eritrocitos de ovejagtyraulacion de la médula 6sea. El
nitrobenceno no influyé de manera significativdaresistencia del huésped a la infeccion
microbiana o virica, aunque habia una tendencrmanayor susceptibilidad cuando la
funcion de las células T contribuia a la defensdndésped.

7. Efectos en el ser humano

El nitrobenceno es toxico para las personas medexgosicion respiratoria, cutanea y oral.
El principal efecto sistémico asociado con la eiqd@s humana al nitrobenceno es la
metahemoglobinemia.

Se han notificado numerosos casos de intoxicacrbagrte accidentales de personas por
ingestion de nitrobenceno. En los casos de ingesti@ o cuando los pacientes estaban
aparentemente cerca de la muerte debido a unaensdglobinemia grave, la interrupcién de
la exposicion y una intervencion médica prontameteban una mejoria gradual y la
recuperacion. Aunque la exposicidon humana a categglauficientemente altas de
nitrobenceno puede ser letal por cualquiera deitessde exposicion, se considera poco
probable que se pueda producir la exposicion dasvtan altos que puedan provocar la
muerte, excepto en casos de accidentes industoiaesidios.

Durante la exposicion humana al nitrobenceno priebaénte es el bazo el 6rgano
destinatario; en una mujer profesionalmente expusstitrobenceno de pintura
(principalmente por inhalacion), el bazo se rebéanmay aumentd de tamafio.

Se ha informado de efectos en el higado, en pktiaumento de tamafo y reblandecimiento
y alteracion de la quimica del suero, en una ne}§puesta al nitrobenceno por inhalacion.

Entre los sintomas neurotoxicos notificados engrers tras la exposicion por inhalacion al
nitrobenceno caben mencionar dolor cabeza, comfugértigo y nauseas. Entre los efectos
en personas expuestas por via oral figuraban tanelsigs sintomas, asi como apnea y coma.

8. Efectos en los organismos en el medio ambiente

El nitrobenceno parece ser toxico para las bastgrjjuede afectar negativamente a las
instalaciones de tratamiento de aguas residuaéstagspresente en concentraciones elevadas
en las de entrada. La concentracion téxica masnmdiicada para microorganismos es para
la bacteriaNitrosomonascon una Ck de 0,92 mg/l basada en la inhibicion del consumo d
amoniaco. Otros valores notificados son una cormgnah sin efectos observados (NOEC) a
las 72 horas de 1,9 mg/l para el protoEmbosiphon sulcatury una concentracidén mas baja
con efectos observados (LOEC) a los ocho diasdmd/| para el alga cianoficea

Microcystis aeruginosa

En los invertebrados de agua dulce, la toxicidadiagvalores de la Gb.a las 24-48 horas)
oscilo entre 24 mg/l para la pulga de agDaphnia magnay 140 mg/l para el caracol
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(Lymnaea stagnal)sEn los invertebrados marinos, el valor mas dejta toxicidad aguda
fue una Ckp a las 96 horas de 6,7 mg/l para el miditisidopsis bahiaEl valor mas bajo
notificado para las pruebas cronicas fue una NOKGS 20 dias de 1,9 mg/l pdbaphnia
magna con una Cky basada en la reproduccion de 10 mg/I.

Los peces de agua dulce mostraron una sensibiidatmente baja al nitrobenceno. Los
valores de la Cig a las 96 horas oscilaron entre 24 mg/l para ebke@ryzias latipepy

142 mg/l para el guppypecilia reticulatd. No se observaron efectos en la mortalidad o el
comportamiento de medaka con 7,6 mg/l durante ypasicion 18 dias.

9. Evaluacion del peligro y del riesgo

En las personas expuestas se ha observado metdbbimegia y posteriormente cambios
hematolégicos y esplénicos, pero los datos no penncuantificar la relacion exposicion-
respuesta. En roedores se observaron metahemagjubirefectos hematoldgicos, efectos
testiculares y, en los estudios de inhalacion tegeen el sistema respiratorio con las dosis
mas bajas sometidas a prueba. Con el nivel de ieifposnas bajo estudiado, 5 mg/(d
ppm), se detectaron en ratas metahemoglobinenp@spermia epididimal bilateral y atrofia
testicular bilateral. En ratones hubo un aumenazi@ado con la dosis en la incidencia de
bronquializacién de las paredes alveolares e hg&gpalveolar/bronquial con la dosis mas
baja sometida a prueba, de 26 my(Eppm). Se observé una respuesta carcinogémisdatr
exposicidon de ratas y ratones al nitrobencenoetecthron adenocarcinomas mamarios en
ratones B6C3fFhembra, carcinomas hepaticos en ratas Fischemadho y
adenocarcinomas de las células foliculares detigsoen ratas Fischer 344 macho. Se
observaron tumores benignos en cinco organos. dtagies sobre la genotoxicidad han dado
generalmente resultados negativos.

Aunque hay varios productos metabdlicos del nitnckao que podrian intervenir en la
causalidad del cancer, no se conoce el mecanisraccitin carcinogénica. Debido a que
probablemente los mecanismos redox tienen carstites comunes en los animales de
experimentacion y en las personas, se supone auteadlenceno puede provocar cancer en
las personas por cualquiera de las vias de exposici

La exposicion de la poblacién general al nitrobeoca partir del aire o el agua de bebida
probablemente es muy baja. Aunque no se pudo abtergin valor para la concentraciéon

sin efectos adversos observados (NOAEL) a partiriniguno de los estudios toxicologicos,
hay un riesgo al parecer escaso para los efectnsamésicos. Si los valores de la exposicidon
son suficientemente bajos para evitar los efeaaseplasicos, cabe esperar que no se
produzcan efectos carcinogénicos.

En el pasado se han producido con frecuencia itdaoianes agudas por la presencia de
nitrobenceno en los productos de consumo. Es gositd exposicion humana significativa,
debido a la presion de vapor moderada del nitraleng a la importante absorcion cutanea.
Ademas, su olor relativamente agradable a almgnarde no desalentar a las personas de
consumir alimentos o agua contaminados. Los nigqsgiios son especialmente susceptibles
a los efectos del nitrobenceno.

Es limitada la informacién sobre la exposicion Elugar de trabajo. En un estudio en lugares

de trabajo, las concentraciones de exposicion fugebmismo orden de magnitud que las
concentraciones mas bajas con efectos adversovatiss (LOAEL) obtenidas en un estudio
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de inhalacion prolongado. Por consiguiente, haypaacupacion importante por la salud de
los trabajadores expuestos al nitrobenceno.

El nitrobenceno muestra una escasa tendenciai@daumnulacion y parece experimentar
biotransformacion tanto aerobia como anaerobia.r€gpecto a los sistemas terrestres es
poco probable que se den en la naturaleza loseside preocupacion notificados en las
pruebas de laboratorio, excepto posiblemente easzproximas a lugares de produccion y
uso de nitrobenceno y en zonas contaminadas p@naes.

Utilizando los datos disponibles de la toxicidadday un método de distribucion estadistica,
junto con una razoén de toxicidad aguda:cronicarotbéea partir de los datos sobre crustaceos,
el limite de concentracidn para el nitrobencerio de proteger el 95% de las especies de
agua dulce con una confianza del 50%, se puedearstn 200 ug/l. Asi pues, es poco
probable que, con los niveles normalmente notibsaeh las aguas superficiales, de alrededor
de 0,1-1 pg/l, el nitrobenceno represente un pehgnbiental para las especies acuéaticas.
Incluso con las concentraciones mas altas notéic467 pg/l), es poco probable que el
nitrobenceno sea motivo de preocupacion para [gEces de agua dulce.

No se dispone de informacion suficiente que perobtaner un valor indicativo para los
organismos marinos.

ENDNOTES

1. In keeping with WHO policy, which is to provide nse@ements in Sl units, all
concentrations of gaseous chemicals in air arengivé&l units. Where the original
study or source document has provided concentsatiro8I units, these will be cited
here. Where the original study or source documastdnovided concentrations in
volumetric units, conversions will be done using tonversion factors given here,
assuming a temperature of 20 °C and a pressur@lo8 kPa. Conversions are to no
more than two significant digits.

2. This denaturation reaction is shown in the extréere. Variations are likely to occur
with fewer than four oxygen molecules removed; tleree, two or one may be
removed, leaving various levels of haemoglobin @xygaturation. A mixture of
reacted haemoglobin may be expected, dependingednldod concentration of
nitrobenzene.

3. Bioassay details have been reported by the CII'BZLIThe original protocol called
for 60 test animals per sex per dose group, aratlti@ional animals per group were
to be set aside for interim sacrifice; however,TGHvestigators changed the protocol
at 1 year and added the 10 to the 60, providingnifals per group (Cattley et al.,
1994).

4. In the calculations in this appendix, the convergiom ppm to mg/rhis performed
using the actual temperature for the studies, 222 °C, that is, using a conversion
factor mg/ni = 5.08 x ppm.

5. Global86 is a statistical program that uses a tigciewhere the upper bound at 95%
(95%UCL) of a set of cancer dose—response dattimated by optimization methods
(Guess & Crump, 1976). This technique is used tmprlate from the data fit range
to lower exposures, with the assumption that the potency (slope) derived from the
95%UCL will not likely be higher than the UCL atyaexposure of concern and could
be less, or even zero potency (Crump, 1996).
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