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BACKGROUND AND PURPOSE OF THE IARC PROGRAMME ON THE EVALUATION
OF THE CARCINOGENIC RISK OF CHEMICALS TO MAN

In the past few years the number and quantity of chemicals
in the environment have increased. The possible adverse effect
of these chemicals on human health is a matter of international
concern. The Intérnational Agency for Research on Cancer (IARC)
has consequently initiated a programme for the evaluation of the
carcinogenic risk of chemicals to man, which was supported by a
Resolution of the Governing Council at its Ninth Session
concerning the role of the Agency in providing government autho-
rities with expert, independent scientific opinion on environ-
mental carcinogenesis. As one means to this end, the Governing
Council recommended that the Agency should continue to prepare
monographs on the carcinogenic risk of individual chemicals to

man.

In view of the importance of this programme and in order
to expedite the production of monographs, the National Cancer
Institute of the United States has provided IARC with additional

funds for this purpose.

The objective of this programme is to achieve and publish
a balanced evaluation of data through the deliberations of an
international group of experts in chemical carcinogenesis and
to put into perspective the present state of knowledge with the
final aim of evaluating the data in terms of possible human
risk, as well as to indicate the need for research efforts to

close the gaps in our knowledge.
SCOPE OF THE MONOGRAPHS

In 1972 the first volume of these monographs was publishedl.

International Agency for Research on Cancer (1972) IARC
on the Evaluation of Carcinogenic Risk of Chemicals to Man, 1,
Lyon ’ '




These monographs summarize the evidence for the carcinogenicity
of individual chemicals in a condensed uniform manner for easy
comparison. The data were compiled, reviewed and evaluated

by a working group of experts. No recommendations are given
concerning preventive measures or legislation, since these
matters depend on risk-benefit evaluation which seems best made
by individual governments and/or international agencies such

as WHO and ILO.

The first volume covered a number of substances not
belonging to a particular chemical group, and the second Volume1
contains monographs on some inorganic and organometallic
compounds. The present volume is devoted to a number of

polycyclic aromatic hydrocarbons and heterocyclic compounds.

As new data on chemicals for which monographs have already
been written and new principles for evaluation become available,
re-evaluation will be made at future meetings and revised
monographs will be published as necessary. Special meetings
can be called to evaluate important compounds for which the
data are controversial and for which there seems to be an
urgent need for action by public health authorities. The
monographs will be distributed to international and governmental
agencies, will be available to industries and scientists dealing
with these chemicals, and will form the basis of advice from

TARC on carcinogenesis from these substances.
MECHANISM FOR PRODUCING THE MONOGRAPHS

As a first step, a list of chemicals for possible
consideration by the Working Group was established. IARC
collected pertinent references regarding physico-chemical

characteristics, use and occurrence, as well as biological data

International Agency for Research on Cancer (1973) IARC
Monographs on the Evaluation of Carcinogenic Risk of Chemicals
to Man, 2, Some Inorganic and Organometallic Compounds (in press)
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on these cdmpounds. The material was summarized by an expert
consultant or an IARC staff member, who prepared the first
draft monograph, which in some cases was sent to another

expert for comments. This draft was circulated to all members
of the Working Group about two months before the meeting, at
which further additions to and deletions from the data were
agreed upon and a final version of comments and evaluation on

each compound was adopted.

Priority for the Preparation of Monographs

Priority for consideration was given mainly to chemicals
for which some adequate experimental evidence of carcinogenicity
existed and/or for which there was evidence of human exposure.
However, neither human exposure nor potential carcinogenicity
could be judged until all the relevant data had been collected
and examined in detail. The inclusion of a particular compound
in a monograph did not necessarily mean that the substance was
considered to be carcinogenic. Equally, the fact that a
substance had not yet been considered did not imply that it was

non-carcinogenic.

Data on which the Evaluation was Based

With regard to the biological data, only published articles
or papers already accepted for publication were reviewed. Every
effort was made to cover the whole literature, but some studies
may have been overlooked inadvertently. Since the monographs
contain only the relevant data the reader is unable to judge
whether or not a particular work was considered., Tt is
therefore important that research workers who are aware of
important data which may change the evaluation make them
available to the Unit of Chemical Carcinogenesis of the
International Agency for Research on Cancer, Lyon, France, in

order that they can be considered for a possible re-evaluation.



The Working Group

The members of the Working Group who participated in the
consideration of particular substances are listed at the
beginning of this publication. Each monograph bears a
footnote indicating the date of the meeting at which it was
considered. The members of the Working Group were invited
by TIARC to serve in their individual capacities as scientists,
and not as representatives of their governments or of any

institute to which they were affiliated.
GENERAL REMARKS ON THE EVALUATION

Terminology

The term '"chemical carcinogenesis' in its widely accepted
sense is used to indicate the induction or enhancement of
neoplasia by chemicals. It 1s recognized that, in the strict
etymological sense, this term means the induction of cancer.
However, common usage has led to its employment to denote the
induction of various types of neoplasm. The terms 'tumourigen",
'""oncogen'" and "blastomogen" have all been used synonymously
with "carcinogen", although occasionally ""tumourigen' has been

used specifically to denote the induction of benign tumours.

Response to Carcinogens

For present practical purposes, in general, no distinction
is made between the induction of tumours and the enhancement of
tumour incidence, although it is noted that there may be funda-
mental differences in mechanisms that will eventually be

elucidated.

The response to a carcinogen in experimental animals may

be observed in several forms:

(a) as a significant increase in the frequency of one or
several types of neoplasm, as compared to the control;
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(b) as the occurrence of neoplasms not observed in
control animals;

(c) as a decreased latent period as compared with control
animals;

(d) as a combination of (a) and (c).

Qualitative Aspects

The qualitative nature of neoplasia has been much
discussed. Many instances of carcinogenesis involve the
induction of both benign and malignant tumours. There are
few, if any, recorded instances in which only benign tumours
are induced; their occurrence in experimental systems indicates
that the same treatment may increase the risk of malignant

tumours also.

In experimental carcinogenesis, the type of cancer seen
is often the same as that recorded in human studies (e.g,,
bladder cancer in man, monkeys, dogs and hamsters after
administration of 2-naphthylamine). In other instances,
however, a chemical will induce different neoplasms or
neoplasms at different sites in different animal species (e.g.,
benzidine, which induces hepatic carcinoma in the rat, but

bladder carcinoma in man).

Purity of the compound tested

The Working Group was often faced with lack of information
on the purity of the compounds tested. In order to render
better judgement, whether the compound itself or the impurity
is responsible for the carcinogenic effect, detailed specifi-

cation of the substance under test is essential.

Quantitative Aspects

Dose-response studies are important in the evaluation of
human and animal carcinogenesis. Sometimes, the only way in

which a causal effect can be established with confidence is by

11



the observation of increased incidence of neoplasms over the
control in relation to increased exposure. It is hoped that,
eventually, dose-response data may be used for assessment in
carcinogenesis in the same way that they are used in general

toxicological practice.

Extrapolation from Animals to Man

No attempt has been made to interpret the animal data in
the absence of human data in terms of possible human risk, and
no distinction has been made between weak and strong carcinogens,
since no objective criteria are at present available to do so.
These monographs may be reviewed if some such criteria should
be elaborated. In the meantime, the critical assessment of
the validity of the animal data given should help national
and/or international authorities to make decisions concerning
preventive measures or legislation in the light of WHO recommen-

dations on food additives,1 drugs2 and occupational carcinogenss.

Evidence of Carcinogenicity to Humans

Evidence that a particular chemical is carcinogenic in man
depends on clinical and epidemiological data, which may be in

the main descriptive, retrospective or prospective.

1 World Health Organization (1961) Fifth Report of the
Joint FAO/WHO Expert Committee on Food Additives. Evaluation of
the carcinogenic hazards of food additives. W1ld Hlth Org. techn.
Rep. Ser., No. 220, pp. 5, 18 and 19

2 World Health Organization (1964) Report of a WHO Expert
Committee, Prevention of Cancer. Wid Hlth Org. techn. Rep. Ser.,
No. 276, pp. 29 and 30

3 World Health Organization (1969) Report of a WHO Scienti-
fic Group. Principles for the testing and evaluation of drugs
for carcinogenicity. Wld HIth Org. techn. Rep. Ser., No. 426,
pp. 19, 21 and 22
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Descriptive studies may identify a cluster or a change in
rates for a particular neoplasm in a subgroup of the population
which suggests the influence of carcinogens in the environment.
Retrospective studies (i.e., case-control studies that go into
the histories of persons with or without cancer) have revealed
occupational carcinogens (e.g., shale oil, chromates, asbestos,
B-naphthylamine, benzidine) or iatrogenic carcinogens (e.g.,

chlornaphazin, thorotrast, diethylstilbestrol).

Once a relationship is known or suspected between an
exposure and cancer, prospective studies (i.e., follow-up or
cohort studies of exposed and unexposed groups) will identify
more precisely the magnitude of the risk and may clarify time
relationships, dose-response effects and other aspects of
cancer induction. Whenever possible the Working Group
considered evidence of the influence of variables other than
the agent under suspicion in inducing the cancer under study
(e.g., cigarette-smoking in the study of lung cancer among

asbestos workers).

Finally, if man does develop cancer from a specific chemi-
cal, its removal from the environment should be followed
eventually by epidemiological evidence of a decline in the

frequency of the neoplasm in the exposed group.

Mixtures and Groups of Carcinogens

Mixtures of chemicals are sometimes associated with the
occurrence of cancers in man, but no information 1is available
on the specific components. Continuing efforts should be
made to elucidate the role of the various components and
impurities in substances to assist in planning better prevent-
ive measures and to provide a basis for assessing similar
hazards. There are situations where carcinogens may ocCcur

in groups in the human environment and where it is not yet

13



possible to attribute the observed effects to individual
substances. This is notably so in the case of the polycyclic
aromatic hydrocarbons, heterocyclic compounds and certain

aromatic amines.
EXPLANATORY NOTES ON THE MONOGRAPHS

In sections 1, 2 and 3 of each monograph, except for
minor remarks, the data are recorded as given by the author,
whereas the comments by the Working Group are given in section

4, headed "Comments on data reported and evaluation'.

Title of the Monograph

The monograph has as its title the chemical name of the
substance under consideration. For this name, the chemical

abstract nomenclature is normally used.

Chemical and Physical Data (section 1)

Chemical and physical properties include data that might
be relevant to carcinogenicity (for example, lipid solubility)
and those that concern identification. Where relevant, data
on solubility, volatility and stability are indicated. All
data except those for "Technical products and impurities"

refer to the pure substances.

Use and Occurrence (section 2)

The analytical data recorded under "Occurrence' are
dependent on the methods employed. In some instances the
quantitative and even the qualitative results may be question-
able because the methods were not satisfactory. Data on
human exposure are also included, where available, under this

heading.

14



Biblogical Data Relevant to the Evaluation of
Carcinogenic Risk to Man (section 3)

As pointed out earlier in this introduction, the monographs
are not intended to itemize all studies reported in the litera-
ture. Although every effort was made to review the whole
literature, some studies were purposely omitted (a) because of

their inadequacyl’z’3

(e.g., too short a duration, too few
animals, poor survival or too small a dose), (b) because they
only confirmed findings already reported or (c) because they
were judged irrelevant for the purpose of the evaluation.

The data recorded here are summarized as given by the author;
however, certain shortcomings of reporting or of experimental
design are also mentioned, and minor comments by the Working
Group are given in brackets. The essential critical comments
by the Working Group are, however, made in section 4 ("Comments

on data reported and evaluation').

Carcinogenicity and related studies in animals (3.1)

Mention is made of all routes of administration by which
the compound has been tested and all species in which the
chemical has been investigated. In some cases where similar
results were obtained by other authors and/or other labora-

tories, reference is made to a summary article. Quantitative

1 World Health Organization (1958) Second Report of the
Joint FAO/WHO Expert Committee on Food Additives. Procedures
for the testing of intentional food additives to establish
their safety for use. W1ld Hlth Org. techn. Rep. Ser., No. 144

2 World Health Organization (1961) Fifth Report of the
Joint FAO/WHO Expert Committee on Food Additives. Evaluation
of the carcinogenic hazards of food additives. Wld Hlth Org.
techn. Rep. Ser., No. 220

3 World Health Organization (1967) Scientific Group.
Procedures for investigating intentional and unintentional food
additives. W1ld Hlth Org. techn. Rep. Ser., No. 348
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data are given in so far as they will enable the reader to

realize the order of magnitude of the effective dose. In some
cases, where in the same experiments other polycyclic aromatic
hydrocarbons were investigated, parallel results on these were

also included to compare their biological activity with the

substance in question. The doses are indicated as they appear
in the original paper. In general, negative experiments of an
inadequate standard1 are not summarized. In certain cases,

however, it was felt that such data should be included since

they would contribute to the total picture.

Other relevant biological data (3.2)

The data reported in this section are divided into three
categories: (a) information on the metabolic fate in animals
including localization into tissues, (b) similar information
on man and (c¢) comparison of animal and human data. Data on

acute toxicity are included when considered relevant.

Observations in man (3.3)

Epidemiological studies are summarized. This subsection
also includes, where relevant, summaries of reports of cases
of cancer in man that have been related to possible exposure

to the chemical.

Comments on Data Reported and Evaluation (section 43

This section includes the critical view of the Working
Group on the data reported. It is purposely kept as brief
as possible since it should be read in conjunction with the

data recorded.

World Health Organization (1961) Fifth Report of the
Joint FAO/WHO Expert Committee on Food Additives. Evaluation
of the carcinogenic hazards of food additives. W1d Hlth Org.
techn. Rep. Ser., No. 220
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Animal data (4.1)

The animal species mentioned are those in which the
carcinogenicity of the substances was clearly demonstrated,
irrespective of the route of administration. In the case of
inadequate studies, when mentioned, comments to that effect
are included. The route of administration used in experimental
animals that is similar to the possible human exposure (inges-
tion, inhalation and skin expoéure) is given particular mention.
In most cases, tumour sites are also indicated. Comparison
of the carcinogenic activity with that of other polycyclic
aromatic hydrocarbons was made in some cases in which parallel
experiments were run in the same study. If the substance has
produced tumours on pre-natal exposure or in single-dose
experiments, this is also indicated. This subsection should
be read in the light of comments made in the section "Extrapol-

ation from animals to man'" of this introduction.

Human data (4.2)

In some cases, a brief statement is made on the possible
exposure of man. The significance of epidemiological studies
and case reports is discussed, and the data are interpreted in

terms of possible human risk.
GENERAL REMARKS ON THE SUBSTANCES CONSIDERED

This volume of monographs is devoted to a number of poly-
cyclic aromatic hydrocarbons (PAH) and heterocyclic compounds
which were selected on the basis of experimental evidence of
their carcinogenicity in animals by an earlier IARC Working

Group.

Important biological considerations

Because epidemiological studies have been conducted in
environmental situations where these compounds are encountered

as mixtures, often ill-defined, rather than as pure substances,

17



the 1971 Working Group recommendéd that the epidemiological
data should be presented as an individual section in a volume
devoted to polycyclic aromatic hydrocarbons and héterocyclic
compounds. For this reason, a preamble to these monographs
was incorporated by the present Working Group. It is not the
intention of these monographs to direct attention to any
particular aromatic hydrocarbon or group of aromatic hydro-
carbons as specifically related to human cancer, but simply

to assess them individually on the available data. Other
factors not fully understood may contribute to this relation-

ship, among them synergistic and anticarcinogenic effects.

Environmental data

In many laboratories environmental analyses include both
carcinogenic and non-carcinogenic polycyclic aromatic hydro-
carbons and heterocyclic compounds. A joint UICC/IARC
meeting in 19681 decided that an acceptable method should be
capable of separating and estimating at least benzo(a)pyrene,
dibenz(a,h)anthracene, dibenz (a,h)acridine, benzo(g,h,i)perylene,
pyrene and coronene; the latter three compounds were considered
non-carcinogenic by the above-mentioned committee and are not

included in this volume.

The Working Group at the IARC meeting concerned with the
standardization of procedures for the estimation of polycyclic
aromatic hydrocarbons in air2 decided that the following compounds
should be looked for: benzo(a)pyrene, benzo(e)pyrene,

benzo(k)fluoranthene, benzo(g,h,i)perylene, coronene and

1 UICC (1970) The quantification of environmental carcinogens
(UICC Technical Report Series, Vol. 4)

International Agency for Research on Cancer (1971)
Standardization of sampling and analytical procedures for esti-
mation of polynuclear hydrocarbons in the environment. TARC
internal techn. Rep., No. 71/002
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benz(a)anthracene. The Working Group included benzo(k)fluor-
anthene and benzo(g,h,i)perylene because in some analytical
procedures they interfered with the determination of benzo(a)-
pyrene and had to be quantitated at the same time as the
carcinogen. Benz(a)anthracene was included because of its
carcinogenicity, although quantitative determination would be
difficult because of its volatility. Analysis for pyrene was

not accepted for reasons of volatility.

Table I illustrates the variation in selection of compounds
to be analyzed by different groups and laboratories studying a

range of environmental aspects.

TABLE I
n
b ®
o +
- E g .
—t = = ) —
~ o~ 8y o he < o
O =~ (@] s
~ =~ O + =5} o © +
[©) TN @) W N O o ~ ]
— = O ~ ~ H—~ = QO ~
— n =D~ H O O O g o
~— 4 \O [0\ L O j=Nso Ji\s = O
o o Uy Oy SO EAOG @O
O~ O Or4d 4 HA A A =T A
= < Hw ®@-— O ST O
D oH = w = aa] o aw
Benzo(a)pyrene D D| D D D D D
Benzo(e)pyrene - D -| D D - D D
Benzo(k) fluoranthene - D D} - -~ D D -
Benzo(g,h,i)perylene D D D|D D D D D
Coronene D D -} D D - D -
Benz(a)anthracene - D - - - D D D
Dibenz(a,h)anthracene b - -] - - - D -
Dibenz(a,h)acridine D - -] - - - - -
Pyrene D - -}|D - D -
Anthanthrene - -] D - - D -
Fluoranthene - - DI D - D D -
Perylene - - - - - - D -
Benzo(b) fluoranthene - - DIl - - D - -
Indeno(1,2,3-cd)pyrene - - DI - - D - -
Phenanthrene - - - - - - D -
Chrysene - - =] - - - D -
Anthracene - - =] - - - D -
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Analytical methods applicable to a number of polycyclic hydro-
carbons '

Adequate and reliable methods for the detection and
quantitative determination of polycyclic aromatic hydrocarbons

in environmental and in biological samples are available.

Generally, environmental trace analysis procedures may be
subdivided into (a) éampling, (b) separation from the |
substrate, (c) '"clean-up" and concentration and (d) determin-
ation. These subdivisions are of course not rigid; e.g.,
gas chromatography can achieve isolation and quantitation

simultaneously.

For the compounds considered, procedures in (a) may range
from the comparatively standardized sampling of food to the
complex problem of collecting fine airborne particulate matter.
Procedures in (b) may include sublimation, distillation, solid-
liquid or liquid-liquid extraction. Those in (c) involve one
or more chromatographic techniques, including liquid-column,
thin-layer and paper chromatography, application of which has
been extensively reviewed (Sawicki, 1964; Schaad, 1970).

In (d), ultra-violet absorption and fluorescence spectrophoto-
metry are commonly employed, but gas chromatography and its
combination with mass spectrometry are finding increasing
application particularly where detailed analysis is required
(Sawicki, 1964; Schaad, 1970). The rapidly developing
technique of high-pressure liquid chromatography is also being
explored (Jentoft & Gouw, 1968) and may find useful application

for the separation and analysis of PAH.

The UICC Report (1970) examines the general policy of PAH
analysis. A general method for the analysis of total diet
composites has been developed by Howard et al. (1968), and

reviews of PAH analysis include that of van Langermeersch (1968).
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Comprehensive instructions for the determination of PAH

in air have been elaborated by Sawicki et al. (1970).

The Working Group felt reluctant to indicate limits of
detection for the various methods used in the quantitative
determination of polycyclic aromatic hydrocarbons because the
sensitivity of a particular method may vary according to the
sample to be analyzed and the preliminary steps taken in the

preparation of the samples.

Solubility

The polycyclic aromatic hydrocarbons exhibit a wide range
of solubilities in organic solvents. They are generally more
soluble in nitromethane and in aromatic solvents such as
benzene and toluene than in the lower aliphatic alcohols such
as ethanol. Their solubility in aliphatic hydrocarbon solvents
usually falls between the two groups above. The heterocyclic
compounds considered tend to be more soluble in alcohol than do
the PAH. All are insoluble or very sparingly soluble in
water. Solubility characteristics are usefully employed in

separation and analysis.

Estimates of atmospheric exposure

The Working Group was confronted with a large amount of
widely varying data on the quantities of polycyclic aromatic
hydrocarbons present in air from many localities under various
conditions, such as season, traffic density, general pollution
level, etc. and using various methodology and sampling
techniques. The data are condensed to give the reader useful
information, but no estimates of the daily atmospheric intake
of PAH and heterocyclic compounds by the general population

were made.
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HISTORICAL REVIEW OF CANCER IN WORKERS EXPOSED TO POLYCYCLIC

AROMATIC HYDROCARBONS AND HETEROCYCLIC COMPOUNDS AND

THEIR ROLE IN OTHER ENVIRONMENTAL SITUATIONS
Because polycyclic aromatic hydrocarbons are so well

established experimentally as carcinogens, it is important to
evaluate their capacity to induce cancer in man. There is a
wealth of information concerning the effects‘of these chemicals
on various tissues and organs of laboratory animals. In man,
however, exposures have not been to individual chemicals but to
combinations as they occur in soot, coal-tar, pitch and mineral
0oils, and also in environmental substances including tobacco
smoke and exhaust. Environmental exposures to these substances
are thus considered here separately from the monographs concerning
the carcinogenicity of individual aromatic polycyclic hydro-

carbons.

In this section human data, animal experiment data and
Chemical composition are examined in that order, since this is

how our knowledge developed historically.
1. SOOT AND CARBON BLACK

1.1 Human data

Soot was first noted as a cause of skin cancer in man when
Pott (1775) wrote that the disease ""'seems to derive its origin
from a lodgment of soot in the rugae of the scrotum'".
- Subsequently, cancer in chimney sweeps was described elsewhere

on the skin and in internal organs (Butlin, 1892a).

It has been observed more recently (Sulman & Sulman, 1946)
that soot formed by burning wood produced very little benzo(a)-
pyrene when compared with coal soot. The evidence for é
relationship between exposure to soot and skin cancer was
supported by the reduction of incidence of scrotal cancer in

chimney sweeps after the institution of control measures in
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Great Britain (Schamberg, 1910). VSkin cancer appeared in
workers between eight and 47 years of age; whereas cancers
following exposure to paraffin or tar occurred mainly in those
between 34 and 60 years of age (Liebe, 1892). The 22-year
difference in age at onset can be accounted for in part by the
early age at which the chimney sweep began his apprenticeship:
1t was not uncommon for suéh service to begin at four years of
age (Butlin, 1892b).

Commercially prepared soot, known as carbon black, produced
no increase in cancer risk among workers (Ingalls, 1950; Tara,
1960); but cases have been described in the mixing of carbon

black and oil in the rubber industry (Henry, 1946).

The apparent discrepancies in old and recent literature
concerning the incidence of cancer following occupational
contact with soot or carbon black are generally explained by
new technology, advances in hygiene and énforcement of

industrial legislation.

1.2 Animal data

The experimental production of skin cancer with extracts
of soot was accomplished first by Passey (1922), who found that
the most potent extracts were those which were free of acidic and
phenolic compounds. He suggested that earlier unsuccessful
attempts at tumour induction were due to lack of contact,
penetration or duration of exposure to Soot, to inappropriate
samples of soot, or to inappropriate choice of the animal

species tested.

The reported inability to induce cancer in mice by feeding
carbon black (Nau et al., 1958a) or by applying it to the skin
(Nau et al., 1958b) was overcome by administering solvent
extracts by injection or by skin-painting (Falk & Steiner, 1952;
Von Haam & Mallette, 1952). A benzene extract of oil shale
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soot (0.01% benzo(a)pyrene) mixed with Tween 60 produced lung
cancer after intratracheal instillation in rats (Bogovski et al.,
1970). '

PAH have been identified in carbon black, processed rubber
and rubber tyre extracts which were carcinogenic for mice
(Falk et al., 1951).

1.3 Chemical composition

Benzo(a)pyrene is quantitatively the most important
compound present in soot, although some other carcinogenic PAH
have been detected in small amounts. It is not only a potent
carcinogen, but also one for which the largest number of

analytical methods is available.

Industrially, the synthesis of PAH is largely dependent
upon specific procedures in which the combustion temperature of
the organic matter determines the reaction products. In the
range of 1100-1600°C organic compounds break down and, in the
absence of sufficient oxygen, cracking occurs, with the release
of hydrogen, carbon and CH radicals (Ellis, 1937). Polymeri-
zation of these free radicals takes place via '"nascent

acetylene", a term coined by Groll (1933).

Soot can contain benzo(a)pyrene, other carcinogenic
compounds and compounds that are not carcinogenic. The
carcinogens other than benzo(a)pyrene are of considerable
interest with respect to their effect in man. They may contri-
bute to the apparent contradictions in the literature concerning

the variable cancer-producing activity of soot.

Falk & Steiner (1952) showed that carbon blacks of the
furnace-black type contain several polycyclic aromatic hydro-
carbons; the following seven were identified: pyrene,
fluoranthene, benzo(a)pyrene, benzo(e)pyrene, anthanthrene,

benzo(g,h,i)perylene and coronene, and are readily extractable
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by a number of solvents from soot having an average particle
diameter of 40 mp or more (Kotin & Falk, 1959). The same
compounds were eXtractable only in trace amounts from smaller
sized particles; whereas none were obtained from channel
blacks, which are prepared by a different process which yields
particles of between 10 and 30 mu average diameter. These
substances do not release polycyclic hydrocarbons on solvent
extraction but will absorb them from solution (Falk & Steiner,
1952).

Improvements in analytical techniques have increased the
number of PAH detectable in carbon black. The newly identified
compounds (including several benzofluoranthenes) do not appear
to contribute significantly to the carcinogenic activity since
they are either non-carcinogenic or, if carcinogenic, are
present in small quantities. The inability to estimate the
carcinogenic properties of "soot" or to evaluate the exposure
risk associated with its industrial use can be appreciated
when one contrasts a channel black from which no benzo(a)pyrene

can be eluted with incinerator soot from which 2 mg benzo(a)-
pyrene/g of soot, i.e., 0.2%, were obtained (Sawicki, 1962).

2. COAL-TAR AND PITCH

2.1 Human data

Butlin (1892c) described skin cancer among workers in the
coal-tar and pitch industry. Largely through publications by
Henry (1946, 1947) it was realized that the differing composition
of tar products was related to the frequency of skin cancer
among coal-tar workers. In 1907, the Workman's Compensation
Act in England recognized officially that cutaneous epitheliomas
could be caused by pitch or tarry substances. Ross (1948)
classified the products obtained on distillation of coal-tar

as shown in Table II:
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TABLE 1II

Temperature Compounds Produced
- 170°C light oils; benzene, toluene, xylene
170° - 230°%C middle oils; phenols, cresols, naphthalene
230° - 270°¢ creosote oils, tar oils
o

2707 - 4OOOC anthracene oils

pitch residue

Exposures to pitch occur not only among coal-tar workers,
but also among optical lens grinders, electrical equipment
workers and wharfmen, cable layers, net fixers and fabric
proofers (Jenkins, 1948). Exposure to creosote o0il occurs
among brick and tile workers, as well as among timber-proofers
(Henry, 1946).

In contrast with cancer occurring in chimney sweeps,
occupational exposure to tar and pitch affects predominantly
skin sites other than the scrotum. From 1920-45, pitch or tar
was deemed responsible for 2229 of 3753 notified industrial skin
cancers in Great Britain (Henry, 1946, 1947); while during the
decade 1946-55, 2041 new cases of occupational skin cancer were
notified in Great Britain, of which 1053 were attributed to tar
and pitch (Bogovski, 1960). |

The majority of skin cancers in tar workers have been
reported from England, but other reports have come from USA
(Heller, 1930), Holland (de Vries, 1928), Germany (Volkmann,
1875) and France (Manouvriez, 1876).

Human skin cancers have been described after exposures to
creosote oil (O'Donovan, 1928; Cookson, 1924; Lenson, 1956)

and to anthracene o0il (Bridge & Henry, 1928; O*Donovan, 1921).
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Kennaway & Kennaway (1947) described an increased frequency
of lung cancer among workers exposed to coal gas and tar. Doll
(1952) found that among 2071 male pensioners of a London gas
company, the number of deaths from lung cancers was approximately
double that expected for male inhabitants of London of the same
age (25 deaths observed vs 13.8 expected). The investigation
concerned a multiplicity of occupations within the company, and
it is probable that the risk was substantially greater for men

most closely concerned with gas production.

In a further study, Doll et al..(1972) examined the
mortality experience of groups of gas-workers in Great Britain
over a period of 12 years. Among those categorized as coal
carbonizing process workers, they found a significant excess of
deaths from lung cancer (3.82 vs 2.13 per 100 00O per year);
the rates for bladder cancer (0.40 vs 0.17) and cancer of skin

and scrotum (0.12 vs 0.02) were also significantly higher than

the national rates. Work as topman appeared to be particularly
hazardous. The risk for lung cancer could not be related to
any particular type of retort house. Among the by-products

workers, there was no substantial evidence of any specific

occupational hazard.

In Japan, 21 men exposed to coal-tar fumes in generator-gas
plants developed lung cancer in a six-year period, a seeming
excess over normal expectation (Kuroda & Kawahata, 1936).

\gfwai et al. (1967) observed that the longer the exposure the
greater was the mortality from lung cancer, beginning ten years

after exposure to coal-tar fumes.

In a British study of retort houses, certain areas were
found to have 3 ug/ms benzo(a)pyrene, which was very much
higher than the mean annual level for the city of London, away
from the traffic, up to 1965. In the air above the retorts

in the old horizontal retort houses where the processing
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temperature was 800 to lOOOOC, the concentration of benzo(a)-
pyrene was over 200 ug/ms. Such high levels were not found
in vertical retort houses where the processing temperature was
only 400 to 500°C (Lawther et al., 1965).

In a study of 58 528 employees of an American steelworks,
Lloyd (1971) found that the mortality from respiratory cancer
among coke plant workers was double that for steel workers as
a whole. The excess was greater among those who had been
employed directly at the ovens, particularly at the top of the
ovens, among whom 15 lung cancer deaths occurred versus 1.5

expected.

Emissions from coke-ovens in the United States were
analyzed for polycyclic aromatic hydrocarbons in 20 coke plants,
and although their levels varied in each plant, similar ratios
between benzo(a)pyrene, chrysene and benz(a)anthracene were
found (Smith, 1970). In a report on a legal action involving
one worker who developed lung cancer after working with tar,
it was estimated that he could have inhaled 320 ug benzo(a)-
pyrene per hour. The tar contained 3% benzo(a)pyrene and
gave off vapours at 300°C containing 4.4% benzo(a)pyrene
(Bonnet, 1962).

2.2 Animal data

Crude coal-tar was first shown to be carcinogenic
experimentally by Yamagiwa & Ichikawa (1915) who painted it
on rabbits' ears for several months; and later Tsutsui (1918)
and Murray (1921) produced similar results on the skin of mice.
Coal-tar pitch and anthracene oil, fractions of coal-tar,
were also shown to be carcinogenic (Kennaway, 1925); 'Bonser
(1932) produced skin cancers by administration of blast furnace
tar. Twort & Fulton (1930) demonstrated that the carcinogenic
potency of tars prepared at temperatures of SOOOC, 600°C and

750°C increased materially with the temperature of preparation.
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Lijinsky et al. (1957) have foﬁnd commercial creosote oils
to be highly carcinogenic. They contained 2.75 g/1 benz(a)-
anthracene, which is carcinogenic in the mouse (see monograph),
and 1.27 g/1 chrysene, a carcinogen for the mouse skin (see
monograph) . Benzo(a)pyrene and other pentacyclic PAH were

present at much lower concentrations, i.e., about 50 mg/1.

2.3 Chemical composition

In an attempt to identify the responsible agent, carcino-
genic coal-tar was fractionated and the aromatic fraction was
found to be active. It possessed fluorescence, which led to
the isolation and.identification of benz(a)anthracene, a PAH
with a characteristic fluorescence spectrum. On the basis of
these findings, KennaWay & Hieger (1930), utilizing. fluorescence
spectroscopy, succeeded in isolating benzo(a)pyrene, which
later proved to be carcinogenic, from coal-tar. With improved
techniques, other PAH were isolated, among which dibenzo(a,h) -
pyrene, dibenzo(a,i)pyrene, benZo(b) fluoranthene and dibenz(a,h)-
anthracene (Badger, 1962) were also shown to be carcinogenic

constitutents.

Kennaway (1925) manufactured carcinogenic tars syntheti-
cally from a variety of sources such as isoprene, acetylene,
skin, yeasts and cholesterol, and showed that carcinogenicity
increased with the temperature involved in the distillation of

tars.

Tar produced by pyrolysis of acetylene contained 2%
benzo(a)pyrene (Badger et al., 1960), and evidence has been
presented for the pyrolytic formation of all known PAH
encountered in soot (Badger, 1962). At 600—8OOOC, a yiéld of
0.1% to 0.15% of benzo(a)pyrene has been obtained through
pyrolysis from isoprene (Gil-Av & Shabtai, 1963); the carcino-

genic compound, dibenzo(a,i)pyrene, can be made from
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3-vinyl-cyclohexene at 700°C (Bédger & Novotny, 1961). 011
shale tar produced at 400-500°C contains 0.001-0.02% benzo(a)-
pyrene (Bogovski, 1961).

3. MINERAL OILS

3.1 Human data

Volkmann (1875) described scrotal cancers among workers
producing paraffin by the distillation of coal-tar. Subse-
quently, Liebe (1892) noted the absence of such hazard among
workers exposed to pure paraffin. Several investigators have
since shown that cancers among paraffin workers are not due
to the paraffin but to impurities in oils produced during
processing (Leitch, 1922; Hendricks et al., 1959). Refined
paraffin is free of PAH and does not induce skin cancer in
mice (Shubik et al., 1962).

Bell (1876) first described cancer of the scrotum in a
Scottish shale 0il worker. In a 23-year period, 49 Scottish
paraffin workers deVeloped skin cancer of which 13 were scrotal
(Henry, 1946).

The cotton mule spinning industry in Great Britain
originally used shale oil for the lubrication of the spindles
(Henry, 1946). The first case of death from scrotal cancer
in a worker who used shale 0il in mule splnnlng occurred in
1923 (Bridge & Henry, 1928). In the years 1920 to 1943,
there were 1303 legally notified cases of skin cancer in the
British mule spinning industry, including 824 of the scrotum.
There were 575 fatal cases of scrotal cancer recorded between

1911 and 1938 (Henry, 1946).

In Great Britain, the Mule Spinning Regulations have
ensured that since 1953 only o0il drastically refined with

sulphuric acid shall be used in mule spinning and that mule
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spinners shall be medically examined every six months. These
measures, together with the marked decline of the process of
mule spinning, have produced a sustained fall in the incidence

of cancer of the scrotum in Great Britain.

Cutting o0ils used by workers to cut metals were found to
increase theée risk of skin cancer in Birmingham, England
(Cruickshank & Squire, 1950; Cruickshank & Gourevitch, 1952),
particularly among workers in automatic machine shops.

Between 1950 and 1967, 187 cases of scrotal cancer occurred
in this region, of which at least two-thirds could be attri-
buted to o0il (Waterhouse, 1971).

At the present time toolsetters and setter operators in
automatic shops who use heat cutting oil have an increased
risk of cancer. The work requires constant contact with
the machines and consequent contamination with the oil. In
the Birmingham area of England, a high frequency of skin and
scrotal cancer from oil has occurred, particularly among bar
automatic machine workers; but other engineering practices
also present a cancer hazard, e.g., metal rolling, tube
drawing, metal hardening and machine operating. Although the
major risk is from exposure to undiluted oils, emulsions have
been incriminated occasionally. The industries most affected
are those with automatic shops, such as nut and bolt manu-
facturers. Workers have also been affected after exposure
during the changing of transformer oil in electrical sub-stations
and during the painting or spraying of mould oil for brick-
and tile-making or concrete moulding, in drop forging, rubber
mixing, wire drawing, rope making and in the jute industry and

from grease in metal working (Kipling, 1968).

In France, in the valley of the river Arve in the Savoy
Alps, there have occurred since 1955 at least 60 cases of cancer

of the scrotum together with many cases of cancer of the skin
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among the bar automatic machinerworkers (décolleteurs). The
very high frequency in the relatively small population of the
valley was observed mainly among the self-employed and workers
in small premises (Thony & Thony, 1970). They were in contact

with undiluted cutting oils.

- Cancers of the larynx, lung and stomach have also been
attributed to oil mist (Southam, 1928); and recently evidence
has been produced that persons who developed cancer of the
scrotum are significantly more liable to develop cancers at
other sites, e.g., in the respiratory tract or upper digestive

tract (Holmes et al., 1970).

3.2 Animal data

=2

Leitch (1922) applied crude shale oil to mice and obtained
tumour formation in the skin of 30 of the 74 mice that survived
over 100 days. "Petroleum'" oils were found to be less carcino-
genic (Twort & Twort, 1931). Bingham & Horton (1966) showed
that distillates of cutting oil are carcinogenic for the skin
of mice even after sulphuric acid extraction; however, when
they are extracted with furfural they become non-carcinogenic

for mice over 80 weeks of skin application.

3.3 Chemical data‘

Mineral oils vary in their carcinogenicity and in their
composition. Of particular interest are carcinogenic mineral
oils that lack benzo(a)pyrene. Cook et al. (1958) isolated
and identified components of various mineral oils, taking great
care not to produce additional carcinogens during heating.

In distilling below 250°C under reduced pressure, they produced

a fraction free of benzo(a)pyrene which was carcinogenic for

mice and rabbits in skin painting experiments. This observation
was confirmed by Bogovski (1959) in benzo(a)pyrene-free fractions

of shale oil. The individual compounds which were separated
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included di- tri-, and tetramethylphenanthrenes, tetramethyl-
fluorene, methylpyrene, benzo(a)fluorene and several hetero-

cyclic compounds, such as dimethyldibenzothiophene, dimethyl-
naphthothiophene and pentamethylcarbazole.

The carcinogenicity of mineral oil increases as the
temperature is increased, as cracking occurs to form other
compounds. Hueper & Cahnmann (1958) compared fractions with
low and high boiling points, excluding those with benzo(a)pyrene,
and found activity in six of them. One may conclude that
mineral oils have various carcinogenic potencies depending
on their origin, composition and treatment, and that some of
the carcinogens may be three- or four-ring polycyclic aromatic
hydrocarbons. Some of the fractions with carcinogenic activity
may contain aliphatic hydrocarbons like dodecane, which

possesses cocarcinogenic properties (Smith et al., 1951).

Other work (Badger, 1962) revealed that benzofluoranthenes,

some of which are carcinogenic, are also present.

A report of the Medical Research Council (1968) stated
that the carcinogenicity of crude oils appears to lie 1in
impurities which boil above 350°C. From this fraction over
40 chemical compounds were isolated, several structurally
similar to potent carcinogens. Compounds isolated included
a wide range of aromatic hydrocarbons, e.g., di-, tri- and
tetramethylnaphthalenes and phenanthrenes, chrysene and methyl
derivatives, perylene, triphenylene and tetramethylfluorene.
Heterocyclic compounds included di- and tetramethyldibenzothio-

phenes, thiobenzofluorene and tetra- and pentamethylcarbazoles.

The carcinogenicity of methyl derivatives of polycyclic
and heterocyclic aromatic compounds will be considered in

subsequent monographs.
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- 4. THE ROLE OF PAH AND HETEROCYCLIC COMPOUNDS
IN NON-OCCUPATIONAL EXPOSURE
PAH occur in many environmental situations (e.g., air,

tobacco smoke or food) as a result of incomplete Combustlon

but their carcinogenic hazard to man cannot be estimated at
present. The environmental exposure levels indicate that the
hazard is relatively small compared with those found in certain
occupations. However, this does not take into account the

synergistic effects of other substances which might be present.

Satisfactory human epidemiological evidence is available
concerning the synergistic effects of asbestos exposure and
cigarette smoking, as well as for exposures to uranium ore dust

and smoking.

Experimental confirmation of such synergistic effect is
provided by the results of skin painting in mice, in which a
100-fold increase in skin cancer production has been observed
when cigarette smoke condensate and equivalent benzo(a)pyrene
concentrations were compafed (Wynder & Hoffmann, 1967). As
another example, a synergistic effect of dodecane and related

substances on skin tumour induction in mice has been clearly

demonstrated to be about 1000-fold for benzo(a)pyrene and

about 100-fold for benz(a)anthracene (see monographs).

It is, therefore, obvious that no prediction as to human
cancer risks can be made from a simple knowledge of the levels

of PAH existing in the environment.
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THE MONOGRAPHS



POLYCYCLIC AROMATIC HYDROCARBONS



1.

1

*
BENZ (a) ANTHRACENE

1. Chemical and Physical Data

SXnonXms
Chem. Abstr. No.: 56-55-3

1,2-Benzanthracene; 2,3—Benzphenanthrene;
2,3-Benzophenanthrene; Benzo(b)phenanthrene;

Tetraphene; Naphthanthracene; Benzanthrene; BA

Chemical formula and molecular weight

C18H12 Mol. wt: 228.28

Chemical and physical properties of the pure substance

(a) Description: Colourless leaflets or plates with

yellowish green (to violet) fluorescence. General
description in Beilsteins handbook, and in Clar
(1964).

(b) Boiling-point: 100°C

(c) Melting-point: 159-161°C (from alcohol or glacial

acetic acid)

(d) Absorption spectroscopy: The ultra-violet absorption

spectrum is described by Sawicki et al. (1960a, b);
by Carruthers & Douglas (1961), in pentane; by
Borneff & Fischer (1963), in benzene; by Badger et
al. (1965); and by Clar (1964). The fluorescence
spectrum is given by Schoental & Scott (1949), in
petroleum ether; by Sawicki et al. (1960a, b), in

*

Considered by the Working Group in Lyon, December 1972.
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(e)

(£)

(g)

pentane; and by Borneff & Fischer (1962), in benzene.
The infra-red absorption spectrum is described by
Fuson & Josien (1956) and in the API Research Project
44 (1960).

Identity and purity test: Benz(a)anthracene (BA)

forms a picrate with a melting-point of 141.5-142.5°%
(red needles, from benzene Or Xylene) and a complex
with 2,4,7-trinitrofluorenone (red needles, melting-
point 223.6-224°C from alcohol) and with 8-trinitro-
benzene (orange needles, melting-point 162—1630C,
159.8-160.2°C from alcohol). The styphnate

o)
C24H15N308 melts at 153 C.

Solubility and/or volatility: One litre of water
dissolves 0.011 mg BA at 27°C (Davis et al., 1942),

The substance is soluble in most organic solvents

except alcohol. The distribution coefficients in
the methanol—water/nitromethane system are given by
Hoffmann & Wynder (1962a). BA is sublimable.

Chemical reactivity: BA reacts as a diene in the

Diels-Alder reaction (Jones et al., 1948; Tye et al.,
1966) . It adds maleic anhydride in the 7,12 position,
and this reaction is suitable for separating BA from
other non-reactive hydrocarbons. It is hydrogenated
by sodium to the 7,12-dihydro compound, or under other
conditions to the 1,2,3,4,7,12—hexahydro compound .
Catalytic hydrogenatioy yields 8,9,10,11—tetrahydro—
benzanthracene. Oxidation with sodium dichromate in
glacial acetic acid gives the 7,12-quinone (Clar, 1964).
In glacial acetic acid BA is quantitatively hydrogenated
at 25°C with Adams catalyst to octadecahydrobenzanthra-
cene (Jarman, 1971). There is no special position for

electrophilic substitution.



2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
BA from other substances and for its spectroscopic determina-
tion have been published and are extensively reviewed by
Sawicki (1964) and by Schaad (1970). They include paper
chromatography; column chromatography, used for detection in
air (Sawicki et al., 1970); thin-layer chromatography (Hood
& Winefordner, 1968); gas chromatography, used for detection
in air (Chakraborty & Long, 1967) and for detection in soot
(Searl et al., 1970); gel chromatography (Edstrom & Petro,
1968); ultra-violet absorption spectroscopy (Sawicki et al.,
1970; Searl et al., 1970); fluorescence spectroscopy and low
temperature fluorescence (Hood & Winefordner, 1968). References
to analytical methods used for detection in various other media
such as air, cigarette smoke, food, etc. can be found in the

section on "Occurrence'.

(b) Occurrence

Exhaust: Hoffmann & Wynder (1962a,b) isolated
61.7 mg/kg exhaust tar from gasoline engine exhaust and
4.2 ug from automobile exhaust gas after a one minute
run. Two cyclic diesel engines run under various
conditions produced 2.3-15 ug/m3 of exhaust (Reckner et
al., 1965).

Air: Detailed studies of air pollution in various
cities in Furope, USA and Australia showed that in
general concentrations depended on geographic 1ocation,
the presence of nearby sources of pollution such as
traffic, highways or industries, and on the season.
Summer values ranged from 1.6 ng/1000 m3 in Siena (Bosco
et al., 1967) to 136 ug/1000 m> in Pittsburgh
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(DeMaio & Corn, 1966), and winter values ranged from

94 ug/1000 > in Siena (Bosco et al., 1967) to 361 ug/

1000 m3 in Bochum (Grimmer, 1966). In Sydney, Cincinnati
and Detroit concentrations ranging from 0.6-13.7 ug/1000 m3
(Cleary, 1963; Conlee et al., 1967; Colucci & Begeman,
1965) were found depending on the traffic situation.
Examination of particulates.or extracts gave the following
results: 43-280 ug/g of organic atmospheric particulate
matter in six American cities (Epstein et al., 1966);

9.6 (winter value) to 34.7 ug/g (summer value) in Sydney
(Cleary & Sullivan, 1965); up to 555.5 ng/g of dust in
three German cities (Hettche, 1965); 16-21 pg/kg of dust
from roads near a highway (Borneff & Kunte, 1965); and
21.3-59 ug/kg in tunnel dust extracts (Grimmer & Hildebrandt,
1965a).

Cigarette smoke: Concentrations ranging from 1.2-

14 pg were found in the smoke condensate of 100 cigarettes
(Bonnet & Neukomm, 1956; Chakraborty et al., 1971;

Cook, 1961; Kiryu & Kuratsune, 1966; Lindsey, 1959;
Scassellati-Sforzolini et al., 1967; Wynder & Hoffmann,
1963), and in cigarette smoke condensate 0.03 ng/g

(Wynder & Hoffmann, 1959) and 4.6 ug/g (Elmenhorst &
Grimmer, 1968).

Pyrolysis: Up to 2.7 mg/kg BA are formed by the
pyrolysis of a number of the major constituents of cured

tobacco at 650°C (Gilbert & Lindsey, 1957); up to 168
mg/kg by the pyrolysis of carbohydrates, amino acids and

fatty acids at 700°C and up to 0.5 mg/kg at 500°¢ (Masuda

et al., 1967).

Occupational exposure: Kreyberg (1959) isolated

concentrations ranging from 800-14 000 ug/1000 m3 in the

air of two gas works and one electrical plant. In air



polluted by coal-tar pitch 0.7 mg/1000 n® were detected,
and up to 1300 mg/1000 m3 were found in industrial effluents
(Sawicki et al., 1965).

BA is found in different kinds of soot and smoke:
e.g., in the soot of pre-mixed acetylene-oxygen flames
(Long & Tompkins, 1967) and in wood smoke (Rhee & Bratzler,
1968). In flue gases from various coal-fired install-
ations 44-5700 nug/1000 m3 have been found (Diehl et al.,
1967), and the emission levels of BA from heat generation
sources (coal) ranged from 19-3900 ug/lO6 Btu1 of heat
input. The emission levels from incineration and open
burning (of municipal refuse, automobile tyres, etc.)
ranged from 0.09-0.26 ug/g of particulate matter for a
municipal incinerator, 5-210 ug/g for a commercial
incinerator, and 25-560 pg/g in open burning (Hangebrauck
et al., 1964).

In addition, BA occurs in the aromatic fraction of a
clarified oil (Dietz et al., 1956); in commercial solvents
(hexane, 280 ug/kg; benzene, 1.8 ug/kg) (Lijinsky & Raha,
1961) and waxes (29 ng/kg) (Howard & Haenni, 1963); 1in
Kuwait mineral oil (Carruthers & Douglas, 1961); 1in
petrolatum (0.9 mg/kg), creosote (up to 2940 mg/kg) and
coal-tar (up to 6980 mg/kg) (Lijinsky et al., 1963); and
in petroleum asphalt (up to 35 mg/kg) and coal-tar pitch
(up to 12 500 mg/kg) (Wallcave et al., 1971).

Soil and water: Fritz & Engst (1971) found 390 ug/kg

BA in soil around an industrial centre, 1500 ug/kg near

traffic highways, and up to 2500 mg/kg in soil pollutéd by
coal-tar pitch. In soil samples from different areas in

Germany (forest, woodland and sand) concentrations of BA

British thermal unit
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ranged from 5-20 ug/kg (Borneff & Kunte, 1963; Fritz &
Engst, 1971).

In samples of drinking-water BA has been identified
in concentrations of 1-23.2 ug/m3 (Borneff & Kunte, 1964) .
In several samples of effluents a wide range of concentr-
ations (25-10 360'ug/m3) has been found, possibly due to
industrial effluents or to water with bituminous
contamination. In surface water 4.3-185 ug/m3 have been
found (Borneff & Kunte, 1964, 1965); and as much as
31.4 mg/m3 were determined in sewage water from household,

trade, road and industrial sources (Borneff & Kunte, 1967).

Food: 1In meat or fish the amount of BA present depends
on the method of cooking: time of exposure, distance from
the heat source and whether or not the melted fat is
allowed to drop into the heat source. In broiled meat
and sausages, concentrations ranged from 0.2-1.1 ug/kg
(Grimmer & Hildebrandt, 1967a); in smoked ham and sausages
0.4-9.6 ng/kg were found (Howard et al., 1966a;

Malanoski et al., 1968); while heavily smoked ham
contained up to 12 ug/kg (Toth, 1971) . In charcoal-
broiled or -barbecued meat, concentrations ranged from
1.4-31 ng/kg (Fabian, 1968; Lijinsky & Shubik, 1964,
1965a; Lijinsky & Ross, 1967; Malanoski et al., 1968).
In gas-broiled fish, up to 2.9 ug/kg were found (Masuda
et al., 1966a). The concentrations in smoked fish
ranged from 0.02-2.8 ug/kg (Grimmer & Hildebrandt, 1967a;
Howard et al., 1966a; Lijinsky & Shubik, 1965b), while
Masuda & Kuratsune (1971) detected up to 189 ug/kg.

BA was also found in the smoke of charcoal-broiled bacon
(Elmenhorst & Dontenwill, 1967) and of gas- and electric-
broiled fish (Masuda et al., 1966a).



In Vegetables the following amounts of BA were found:
salad, 4.6-15.4 ng/kg; tomatoes, 0.3 ug/kg; spinach,
16.1 ug/kg; and kale, 43.6-230 ug/kg (Grimmer &
Hildebrandt, 1965c; Hettche, 1971). Cereals were
contaminated to variable degrees (0.4-6.8 ug/kg, depending
on their source) (Grimmer & Hildebrandt, 1965b), and this

amount is transferred to flour and bread (Fritz, 1968c).

In different kinds of crude and refined vegetable
0ils and fats, values between 0.5 and 13.5 ug/kg have
been found, while in samples of crude coconut o1l up to
98 ng/kg and in crude coconut fat up to 125 ug/kg have been
detected (Biernoth & Rost, 1967, 1968; Borneff & Fabian,
1966; FA&bidn, 1968; Grimmer & Hildebrandt, 1967b). The
BA content of these oils and fats decreased slightly with
frying (Berner & Biernoth, 1969; Fritz, 1968d). Howard
et al. (1966b) found 0.8-1.1 ug/kg in samples of refined
vegetable o0ils, and Ciusa et al. (1965) detected BA in
pressed or rectified olive oil. In margarine and
mayonnaise 1.4-29.5 ng/kg have been found (Fabidn, 1968,
1969; Fritz, 1968a).

In roasted coffee and soluble coffee powders,
concentrations ranging from 0.5-14.2 ng/kg are reported
(Fritz, 1968b, 1969; Kuratsune & Hueper, 1960), and in
malt coffee up to 43 ng/kg were found (Fritz, 1968Db).
Peanuts roasted to two different degrees contained up to
0.95 ug/kg (Ballschmieter, 1969). In baker's dry yeast,
Grimmer & Wilhelm (1969) detected 2.5-93.5 ug/kg, while
dietetic yeasts or feed yeasts grown on mineral oil show
a lower content. Masuda et al. (1966b) found 0.04-0.08
‘ug/l in two kinds of whisky.

Other material: 1In algae (chlorella vulgaris) about

7.5 ug/kg were found (Borneff et al., 1968).
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: A single administration of 0.5 mg BA in
mineral oil by stomach tube produced no tumours among
13 mice observed for 16 months. Eight or 16 administra-
tions at three- to seven-day intervals produced a papilloma
of the forestomach in 2/27 mice, whereas no tumours
appeared among 16 controls given mineral oil only (Bock
& King, 1959).

A total of 59 B6AF1l/J mice received 15 treatments
(over a period of five weeks) of 1.5 mg BA as a 3%
solution in methocelaerosol OF by stomach tube starting
at seven to eight days of age. In total, 56 developed
lung adenomas, 38 had hepatomas and two had papillomas of
the forestomach. Of 20 animals with median age at death
of 547-600 days, all had hepatomas. Ten treatments with
the same dose of 3-methylcholanthrene produced hepatomas
in 49%, lung adenomas in 100% and forestomach papillomas
in 63% of mice. In a group of 20 mice given only two
treatments of BA three days apart, and dying at a median
age of 547-600 days, 16 had hepatomas and 17 had lung
adenomas. Among 59 controls, two had hepatomas, 10 had
lung adenomas and none had tumours of the gastrointestinal
tract (Klein, 1963).

(b) Skin application

‘Mouse: Kennaway (1930) painted 50 mice with BA in
benzene at unspecified concentration and frequency; one

regressing papilloma appeared. One epithelioma appeared



among 80 stock mice receiving a 2% sclution in benzene,
at unspecified intervals, of which only 23 were alive
after six months (Barry et al., 1935). Similarly, one
papilloma occurred among 20 mice painted twice weekly for
68 weeks with a 0.4% solution in mineral oil (Hill et al.,
1951). In a more recent experiment, C3H/He mice were
painted thrice weekly with different concentrations of BA
either in toluene or in n-dodecane. With toluene,
tumours (mostly malignant) were produced in mice as
follows: at a 0.002% concentration, 0/32; at 0.02%
concentration, 1/18; at 0.2% concentration, 3/32; at

1% concentration, 8/29. When BA in dodecane was used,
incidences were: at 0.0002% concentration, 4/31; at
0.002% concentration, 8/21; at 0.02% concentration,
4/20; at 0.2% concentration, 11/21; at 1% concentration,
17/22. With the exception of some animals in the latter
group, all tumours appeared after 50 weeks of treatment
(Bingham & Falk, 1969). When comparing.effective doses
of BA and benzo(a)pyrene in dodecane, a 0.05% solution

of benzo(a)pyrene produced tumours in 10/10 animals in

11 weeks; whereas a 0.2% solution of BA produced

tumours in 11/21 animals with an average latent period

of 61 weeks, and a 1% solution produced tumours in

17/22 with an average latent period of 42 weeks.

Graffi et al. (1953) obtained a 100% tumour incidence
among 17 surviving mice at nine months, and 18 papillomas
among nine surviving mice at 12 months after alternate,
once-weekly application to 75 mice of 0.05% BA in acetone

and 5% croton oil in mineral o0il; controls receiving
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croton oil alone showed only 1/13 tumours. The ability
of BA to initiate skin carcinogenesis in mice was first
demonstrated by Roe & Salaman (1955). Ten applications
of BA in acetone to 20 mice over a period of five weeks
(total dose, 6 mg), followed by weekly applications of
Croton oil, produced a total of 21 skin tumours in 7/18
mice within 21 weeks. The treatment with BA alone did
not produce tumours. This result was confirmed by Hadler
et al. (1959) using a single application of 0.9 ng BA

in acetone followed by croton oil (8/20 mice developed a
total of 14 tumours) and by Van Duuren (1970) using a
single application of 1 mg BA in benzene followed by
phorbol myristate acetate (10/20 mice developed a total

of 17 papillomas). In both these studies, controls given

a single treatment with BA developed no tumours.

Rat: Twenty-five Donryru rats were painted daily for
five months with a saturated solution of BA in acetone;
no tumours developed in nine rats surviving for 18 months
(Tawfic, 1965).

Hamster: Ten Syrian golden hamsters received bi-weekly
paintings with 0.5% BA in mineral oil for 10 weeks. Six
animals were surviving at 50 weeks, and the last animal
died at 85 weeks; no tumours were recorded (Shubik et al.,
1960) . |

(c) Subcutaneous and/or intramuscular administration

Mouse: A single injection of 5 mg BA in tricaprylin
induced sarcomas in eight of 50 C57BL mice (Steiner &
Falk, 1951). On the other hand, the simultaneous
administration of 5 mg BA and 20 ug dibenz(a,h)anthracene
resulted in an‘inhibition of tumour yield to about half
the sum of the individual tumour yields (Steiner & Falk,
1951).



One dose-response study with BA in tricaprylin
injected to C57BL mice led to the following incidence of
mice with tumours per survivors at nine months: with
0.05 mg, 5/4%; with 0.2 mg, 11/43; with 1.0 mg, 15/31;
with 5.0 mg, 49/145; with 10.0 mg, 5/16 (Steiner &
Edgcomb, 1952). Subcutaneous injection of BA in arachis
0il (10 weekly injections of 1 mg) produced sarcomas in
14/20 C57BL mice in 146-179 days (Boyland & Sims, 1967).

Newborn mouse: Single injections of 50 ug BA in 1%

aqueous gelatine to newborn and two- to eight-day old
BALB/c mice induced pulmonary adenomas or adenocarcinomas,
with more tumours occurring in newborn mice (Roe et al.,
1963).

Rat: Twenty rats received a s.c. injection of 1.9 mg
BA in tricaprylin; all were alive after four months and
nine after 14.5 months when the experiment was terminated.

No tumours were recorded (Miller & Miller, 1963).

(d) Other experimental systems

Intravenous injection: Twenty-nine female Sprague-

Dawley rats received three injections of 2 mg BA
(approximately 13 mg/kg) at intervals of three days,
starting at 50 days of age. The animals were killed
after 98 days and no mammary tumours were found (Pataki
& Huggins, 1969).

Bladder implantation: Experiments using crushed

paraffin wax as a vehicle were carried out by Clayson et
al. (1968). With this technique about 2 mg BA induced
17 carcinomas and one papilloma in the bladders of 52
mice surviving 40 or more weeks. The incidence of

tumours in the controls was 3.8%.
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Homburger & Treger (1970) observed two tumours in
48 surviving C57/BL/6 J mice after a single s.c. injection
of 500 ug BA in 0.1 ml tricaprylin without transfer of
injection site. The yield of tumours in experiments
with transfer of injection site after eight to 24 weeks

was considerably increased.

3.2 Other relevant biological data

Boyland & Sims (1965) and Sims (1970) found four main
metabolites when BA was incubated with liver homogenates from
rats. Two of them, 4-hydroxybenzanthracene and S5S,6-dihydro-
5,6-dihydroxybenz(a)anthracene were characterized by direct
comparison with authentic compounds, and the other two
metabolites are probably 3-hydroxybenz(a)anthracene and
8,9-dihydro-8,9-dihydroxybenz(a)anthracene. Quantitative
estimates of the products were obtained by radioactivity

measurements.

K-region epoxide and cis-dihydrodiol derivatives of BA
have been found to be more active in the production of
transformation in hamster embryo cells and ventral prostate
cells than BA itself or the corresponding K-region phenol
(Grover et al., 1971).

3.3 Observations in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

BA given by several routes of administration has proved
to be carcinogenic in the mouse. It produced hepatomas and
lung adenomas following repeated oral administration to

young mice. In a parallel experiment with methylcholanthrene,
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the carcinogenic effect upon the liver and lung was similar
for the two compounds at the same dose level. In the same
experiment, BA did not produce tumours of the gastrointestinal

tract, whereas methylcholanthrene induced them consistently.

BA is a complete carcinogen for the mouse skin. The fact
that the tumour yield was higher when using a dodecane solution
than with toluene is related to the co-carcinogenic effect of
dodecane. Benzo(a)pyrene given at a lower dose level produced
more skin tumours with a shorter latency period than did BA.

BA is also an initiator of skin carcinogenesis in mice.

BA produced tumours in mice following s.c. injections.
Fifty ug BA was the lowest dose tested, and it was effective
in newborn and in adult animals. It produced bladder tumours

in mice following implantation.
It has not been adequately tested in other species.

4.2 Human data

No case reports or epidemiological studies on the
significance of BA exposure to man are available. However,
coal-tar and other materials which are known to be carcino-
genic to man may contain BA. The substance has also been
detected in other environmental situations. The possible
contribution of polycyclic aromatic hydrocarbons from some
environmental sources to the overall carcinogenic risk to

man is discussed in the preamble.
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B *
BENZO(b) FLUORANTHENE

1. Chemical and Physical Data

Synonyms

Chem. Abstr. No.: 205-99-2

Chem. Abstr. Name: Benz(e)acephenanthrylene

2,3-Benzofluoranthene; 3,4-Benzofluoranthene; B(b)F

Chemical formulé and molecular weight

CZOHIZ Mol. wt: 252.32

Chemical and physical properties of the pure substance

(a) Description: Colourless needles from benzene,

toluene or glacial acetic acid. General
description in Beilsteins handbook, and in Clar
(1964).

(b) Melting-point: 167-168°C

(c) Absorption spectroscopy: The ultra-violet absorp-

tion spectrum is described by Clar (1964), in
ethanol; by Lyons (1959) and Hoffmann & Wynder
(1962a), in cyclohexane; by Badger et al. (1965)

*

Considered by the Working Group in Lyon, December 1972Z.
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and Sawicki et al. (1960), in pentane. The ultra-
violet absorption of benzo(b)fluoranthene (B(b)F),
together with other polycyclic aromatic hydrocarbons
in cyclohexane, was investigated by Scassellati-
Sforzolini et al. (1967). The infra-red absorption
spectrum of the solid and of B(b)F dissolved in CC14-
or CS2 were published by the API Research Project 44
(1961). The fluorescence and low-temperature
fluorescence are described by Borneff & F&abian (1966).
The maximum for fluorescence and the relative molar
extinction are given by Sawicki et al. (1960) and by
Sawicki (1969) who also discussed the influence of
other factors. The fluorescence spectrum is also
presented by Lyons (1959), and the nuclear magnetic

resonance spectrum by Bartle et al. (1969).

(d) Identity and purity test: B(b)F forms a picrate

with a melting-point of 156°C.

(e) Solubility and/or volatility: Hoffmann & Wynder

(1962a) present partition coefficients for the 4:1
cyclohexane/methanolic water system and nitromethane/

cyclohexane system as 14.7 and 1.94.

(f) Chemical reactivity: Data on m-electron energy were
reported by Mallion (1970) and by Titz & Hochmann
(1967).

2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
B(b)F from other substances and for its spectroscopic determi-

nation have been published and are extensively reviewed by
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Sawicki (1964) and by Schaad (1970); They include paper
chromatography, used for detection in food (Howard & Teague,
1965); column chromatography; thin-layer chromatography
(Matsushita & Suzuki, 1969; Short & Young, 1969), used for
detection in air (Strémberg & Widmark, 1970; Matsushita et al.,
1970); gas chromatography (Savino, 1968; Fry&ka, 1972), used,
for detection in cigarette smoke (Davis, 1969), fof detection
in soot (Chakraborty & Long, 1967), and for detection in air
(Brocco et al., 1970); gel chromatography (Edstrom & Petro,
1968); ultra-violet absorption spectroscopy (Strémberg &
Widmark, 1970; Howard & Teague, 1965); fluorescence spectro-
scopy (Matsushita et al., 1970); and mass spectrometry
(Strdmberg & Widmark, 1970). References to analytical methods
used for detection in various other media such as water, food,

etc. can be found in the section on '"Occurrence'.

(b) Occurrence

Exhaust: Engines using gasoline as fuel produced
7.7 mg/1000 m> of exhaust (Del Vecchio et al., 1970), and
64 mg/kg of exhaust tar was isolated from first-run exhaust
(Hoffmann & Wynder, 1962b). The output of automobiles'
engines was 4.4 uyg/minute run (Hoffmann & Wynder, 1962a).
Engines using heavy liquified petroleum produced 0.9 mg/
1000 m3 of exhaust under idling conditions, but with
normal working conditions this amount was markedly higher
(3.9 mg/1000 ms) (Del Vecchio et al., 1970). B(b)F was

also present in petrol engine exhaust samples (Lyons, 1959).

Air: In the air of Sydney, concentrations ranged
from 0.5-1.5 ug/1000 m> (Cleary, 1963) and in Siena from
0.25—5.3, the highest value being found in December
(Bosco et al., 1967). Examination of particulates or

extracts give the following results: 209-492 mg/kg in tar
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samples in the Detroit area (Colucci & Begeman, 1965) ;
15-62 mg/kg in dust from roads, and 0.16 mg/kg in dust
from air (Borneff & Kunte, 1965).

Cigarette smoke: In the smoke condensate of 100

cigarettes, concentrations ranged between 0.1-2 ug

(Kiryu & Kuratsune, 1966; Scassellati-Sforzolini et al.,
1967; Wynder & Hoffmann, 1963), and approximately 3.7 Mg
B(b)F and benzo(j)fluoranthenel have heen found (Ayres &
Thornton, 1965). In smoke condensate 0.1 ug/kg have
been found (Wynder & Hoffmann, 1959a).

Pyrolysis: B(b)F is formed by pyrolysis of anthra-
cene at 700-850°C (Badger et al., 1964), of the tobacco

constituents dotriacontane and stigmasterol at 700°C

(Badger et al., 1965), and of carbohydrates, amino acids
and fatty acids at 700°C (0.2-3 mg/kg) but not at 500°C
(Masuda et al., 1967).

Occupational exposure: Kruber & Oberkobusch (1952)

detected B(b)F in coal-tar, and soot samples showed an

average concentration of 8.4 mg/kg (Fischer, 1970).

Soil and water: In woodland soil samples of

different areas in Germany, concentrations of B(b)F and
benzo(j)fluoranthene1 ranged from 15-110 hg/kg (Borneff
& Fischer, 1962; Borneff & Kunte, 1963). In the muddy
deposits and in suspended matter of the Rhine river 1.8
and 1.3 mg/kg B(b)F and benzo(j')fluoranthenel were found
(Borneff & Fischer, 1963). In drinking-water, concen-
trations ranged from 0.8-11.5 ug/m3 BCb)F (Borneff &
Kunte, 1964, 1969).

1 The two substances could not be completely
separated.



In.river and lake water a wide range of concentrations
has been found (39-9910 ug/ms) depending on the industrial
effluents in the water tested; while in surface water
3.7-156 ug/m3 have been found in sewage water from house-
hold, industry and roads (Borneff & Kunte, 1967).

Food: 1In gas-broiled fish 0.1-1.2 ug/kg could be
found (Masuda et al., 1966a), while smoked or dried fish
could contain as much as 37 pg/kg (Masuda & Kuratsune,
1971). In heavily smoked ham or bacon 3.6-15.1 pg/kg
were found (Toth, 1971), and in fresh sausages 0.4 ug/kg
and in grilled or fried sausages 6.3 ug/kg have been
detected (Fabian, 1968b). B(b)F has also been reported
in the smoke of gas- or electric-broiled fish (Masuda et
al., 1966a).

In olive o0il, plant cooking fat, plant oil and
coconut 0il, concentrations ranged from 0.2-4 ug/kg
(Borneff & Fabian, 1966; Fabian, 1968a), and in margarine
from 2.6-14.5 pg/kg (Fabian, 1968a, 1969), the concentra-
tion being reduced by treatment with activated charcoal
and steam. In fat, the concentration could be reduced
by controlled laboratory heating (Borneff & Fibian, 1966)
and in oils by frying (Fritz, 1968b).

Extremely black roasted coffee contained 1.2-2.1
ug/kg, and up to 3.0 ug/kg were found in malt coffee,
substitute coffee and soluble coffee powder (Fritz, 1968a,
1969). In whisky 0.05 pg/1 could be detected in only one
out of 15 brands (Masuda et al., 1966b).

Other material: Grdf & Diehl (1966) found 62-374
ug/kg in leaves of various kinds of trees and in tobacco

leaves (32-126 ug/kg). In algae (chlorella vulgaris),

about 3.5 ug/mg were detected (Borneff et al., 1968).
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Three groups of 20 Swiss mice were painted
thrice weekly with a 0.5, 0.1 or 0.01% solution of
B(b)F in acetone. The highest dose produced papilloma
in 100% and carcinomas in 90% of the animals within
eight months; the intermediate dose produced papillomas
in 65% and carcinomas in 85% within 12 months. At the
lowest dose only one animal out of 10 survivors developed
a papilloma after 14 months. No control group was run
at the same time. In a parallel experiment with
benzo(a)pyrene, repeated paintings of a 0.001%
solution in acetone were effective (Wynder & Hoffmann,
1959b).

In a later experiment, a single painting of 1 mg
in acetone produced no tumours among 20 Swiss mice in a
study lasting 63 weeks. The same procedure followed
by repeated paintings with croton resin produced
papillomas in 18 and carcinomas in five of 20 mice
(Van Duuren et al., 1966).

(b) Subcutaneous and/or intramuscular administration

Mouse: Among 16 male and 14 female mice of strain

XVII nc/z given three s.c. injections of 0.6 mg B(b)F
over a period of two months, 24 survived and 18 of these
developed a sarcoma at the injection site with an
average latent period of four-and-a-half months

(Lacassagne et al., 1963).



3.2 Other relevant biological data

No data were available to the Working Group.

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

B(b)F has produced skin tumours in mice following
repeated skin paintings. The lowest carcinogenic dose for
the mouse skin was at least ten times higher than that of
benzo(a)pyrene. B(b)F is also an initiator of skin
carcinogenesis in mice and produces local sarcomas after
S.C. 1njections. It has not been tested by other routes

in the mouse or in other species.

4.2 Human data

No case reports or epidemiological studies on the
significance of B(b)F exposure to man are available.
However, coal-tar and other materials which are known to
be carcinogenic to man may contain B(b)F. The substance has
also been detected in other environmental situations. The
possible contribution of polycyclic aromatic hydrocarbons
from some environmental sources to the overall carcinogenic

risk to man is discussed in the preamble.
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i .k
BENZO(j) FLUORANTHENE

1. Chemical and Physical Data

SXnonXms
Chem. Abstr. No.: 205-82-3%

7,8-Benzofluoranthene; 10,11-Benzofluoranthene;
B(j)F

Chemical formula and molecular weight

1ol‘,lu21lli'3
9 4 C20H12 Mol. wt: 252.32

Chemical and physical properties of the pure substance

(a) Description: Yellow plates or needles from alcohol.

General description in Beilsteins handbook, and in
Clar (1964).

(b) Melting-point: 165°C, 166-166.4°C

(c) Absorption spectroscopy: The ultra-violet

absorption spectrum of benzo(j)fluoranthene (B(j)F)
is described by Clar (1964), in ethanol; by Lang
et al. (1957), in dioxane; and by Badger et al.
(1965).
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(d) Identity and purity test: B(j)F forms a picrate

with a melting-point of 194-195°C (red needles);

a complex with trinitrobenzene; orange needles from
benzene and alcohol with a melting-point of
220-220.5°C; and a complex with 2,4,7-trinitro-

fluorenone (orange-red, melting-point 255—25606).

(e) Solubility and/or volatility: The substance is

soluble in HZSO4 on heating. The solution has an
olive-green colour. Distribution coefficients in
the 4:1 cyclohexane/methanol-water system and in
nitromethane/cyclohexane are indicated by Hoffmann

& Wynder (1962a) as 14.8 and 1.75. Demisch & Wright
(1963) have determined the coefficient as 10.2 for
the hexane-aqueous monoethanolammonium/desoxycholate
system.

(f) Chemical reactivity: Titz & Hochmann (1967)

presented data on m-electron energy.

2. Use and Occurrence

(a) Analytical methods

For the separation of B(j)F from other substances by
chromatography and subsequent spectroscopy, several procedures
have been published. They include paper chromatography;
column chromatography (Fischer, 1968); thin-layer chromato-
graphy (Fischer, 1968), used for detection in air (Strdmberg
&'Widmark, 1970); fluorescence spectroscopy; and ultra-
violet absorption spectroscopy (Str6mberg & Widmark, 1970)
and mass-spectroscopy (Strdmberg & Widmark, 1970).

References to analytical methods used for detection in various
other media such as water, food, etc. can be found in the
section on '"Occurrence'.
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(b) Occurrence

Exhaust: Hoffmann & Wynder (1962a,b) isolated

17 mg/kg of exhaust tar from first-run gasoline engine
exhaust, and 1.2 pg/minute run from automobile exhaust.

~Air: Concentrations ranging from 62-205 mg/kg
B(j)F were found in tar samples in the Detroit area
(Colucci & Begeman, 1965); and in road dust 6-97 mg/kg,
and in dust from air 0.62 mg/kg were found (Borneff &
Kunte, 1965).

Cigarette smoke: 1In the smoke condensate of 100

cigarettes, Wynder & Hoffmann (1963) found 0.6 ug B(j)F,
while Ayres & Thornton (1965) isolated approximately
3.7 ug B(j)F and benzo(b)fluoranthenel. In addition
Wynder & Hoffmann (1959a) found 0.15-0.2 mg/kg in smoke

condensate.

Pyrolysis: B(j)F is formed by pyrolysis of
naphthalene at 750-770°C (Lang et al., 1957), of
anthracene at 700-850°C (Badger et al., 1964), of the

tobacco constituents dotriacontane and stigmasterol at

7OOOC, and of carbohydrates, amino acids and fatty acids
at 700°C (400-3200 nug/kg), but not at 500°C (Masuda et
al., 1967).

Occupational exposure: Fischer (1970) isolated an

average of 7.3 mg/kg from soot samples, and Stefanescu

& Stanescu (1968) found 300-3000 mg/1000 m3 in different
kinds of soot. B(j)F occurs in coal-tar (Kruber et al.,
1953) at concentrations ranging from 450-630 mg/kg

(Lijinsky et al., 1963); and in creosote 0il 290 mg/kg have
been found (Lijinsky et al., 1963). |

1
The two substances could not be completely separated.



Soil and water: In woodland soil samples of

different areas in Germany concentrations of B(j)F and
benzo(b)fluoranthene1 ranged from 15-110 ug/kg (Borneff

& Fischer, 1962; Borneff & Kunte, 1963). In the muddy
deposits and in suspended matter of the Rhine river 1.8
and 1.3 mg/kg B(j)F and benzo(b)fluoranthene1 were found
(Borneff & Fischer, 1963). In drinking-water, concentra-
tions ranged from 1.0-14.0 ug/m3 B(j)F (Borneff & Kunte,
1964, 1969). In river and lake water a wide range of
concentrations (53-17 840 ug/ms) has been found, depending
on the kind of water tested (whether or not it contained
industrial effluents or bituminous contamination) ;

while in surface water 4.6-150 ug/m3 have been found,
(Borneff & Kunte, 1964). As much as 29.6 mg/m3 have

been found in sewage water from household, industry

and roads (Borneff & Kunte, 1967).

Food: In gas-broiled fish traces of up to 0.5 ug/kg
B(j)F could be found (Masuda et al., 1966), while smoked
or dried fish (wood smoke) could contain as much as 23
ug/kg (Masuda & Kuratsune, 1971). In the smoke of gas-
and electric-broiled fish B(j)F was also detected
(Masuda et al., 1966).

Fresh sausages contained 0.18 ug/kg, and, when
grilled or fried, up to 15 ug/kg (F4bidn, 1968b).
In olive o0il, plant cooking fat, plant oil and coconut
0il, concentrations ranged from 0.8-4.4 ug/kg (Borneff
& Fabian, 1966; Fdbidn, 1968a), and in margarine from
2.3-10.5 ug/kg (Fabian, 1968a), the concentration being
reduced by treatment with activated charcoal and steam

(Fabian, 1969). In fat, the concentration could be

1 The two substances could not be completely separated.
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reduced by controlled laboratory heating (Borneff &
Fabidn, 1966).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(2) Skin application

Mouse: Thrice weekly skin paintings of groups of
30 Swiss mice with a 0.1 or 0.5% solution of B(j)F in
acetone induced carcinomas within seven to nine months
in at least 95% of the animals, as well as producing

papillomas (Wynder & Hoffmann, 1959b).

5.2 Other relevant biological data

None were available to the Working Group.

3.3 Observations in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

B(j)F has only been tested in mice by repeated skin
painting, when a high incidence of skin carcinomas was
obtained. It has not been tested by other routes in the

mouse or in other species.

4.2 Human data

No case reports or epidemiological studies on the
significance of B(j)F exposure to man are available.
However, coal-tar and other materials which are known to

be carcinogenic to man may contain B(j)F. The substance
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has also been detected in other environmental situations.
The possible contribution of polycyclic aromatic hydrocarbons
from some environmental sources to the overall carcinogenic

risk to man is discussed in the preamble.

5. References

Ayres, . C.I. & Thornton, R.E. (1965) Determination of benzo(a)-
pyrene and related compounds in cigarette smoke. Beitr.
Tabakforsch., 3, 285

Badger, G.M., Donnelly, J.K. & Spotswood, T.M. (1964) The
formation of aromatic hydrocarbons at high temperatures.

XIII. The pyrolysis of anthracene. Aust. J. Chem., 17
1147

Badger, G.M., Donnelly, J.K. & Spotswood, T.M. (1965) The
formation of aromatic hydrocarbons at high temperatures.

XXIV. The pyrolysis of some tobacco constituents.
Aust. J. Chem., 18, 1249

Beilsteins Handbuch der Organischen Chemie, 5, III, 2515

Borneff, J. & Fdbiidn, B. (1966) Kanzerogene Substanzen in
Speisefett und -61. Arch. Hyg. (Muenchen), 150, 485

Borneff, J. & Fischer, R. (1962) Kanzerogene Substanzen 1n
Wasser und Boden. XI. Polyzyklische, aromatische
Kohlenwasserstoffe in Walderde. Arch. Hyg. (Muenchen),
146, 430

Borneff, J. & Fischer, R. (1963) Kanzerogene Substanzen in
Wasser und Boden. XI. Polyzyklische, aromatische Kohlen-
wasserstoffe in Oberflidchenwasser. Arch. Hyg. (Muenchen),
146, 572

Borneff, J. & Kunte, H. (1963) Kanzerogene Substanzen in
Wasser und Boden. XIV. Weitere Untersuchungen lber
polyzyklische, aromatische Kohlenwasserstoffe in Erdproben.
Arch. Hyg. (Muenchen), 147, 401

Borneff, J. & Kunte, H. (1964) Kanzerogene Substanzen in
Wasser und Boden. XVI. Nachweis von polyzyklischen
Aromaten in Wasserproben durch direkte Extraktion.
Arch. Hyg. (Muenchen), 148, 585

87



Borneff, J. & Kunte, H. (1965) Kanzerogene Substanzen in
Wasser und Boden. XVII. Uber die Herkunft und Bewertung
der polyzyklischen, aromatischen Kohlenwasserstoffe im
Wasser. Arch. Hyg. (Muenchen), 149, 226

Borneff, J. & Kunte, H. (1967) Kanzerogene Substanzen in
Wasser und Boden. XIX. Wirkung der Abwasserreinigung auf
polyzyklische Aromaten. Arch. Hyg. (Muenchen), 151, 202

Borneff, J. & Kunte, H. (1969) Kanzerogene Substanzen in
Wasser und Boden. XXVI. Routinemethode zur Bestimmung
von polyzyklischen Aromaten in Wasser. Arch. Hyg.
(Muenchen), 153, 220

Clar, E. (1964) Polycyclic Hydrocarbons, Vol. 2, London,
New York, Academic Press; Berlin, G&6ttingen, Heidelberg,
Springer-Verlag, pp. 312, 314

Colucci, J.M. & Begeman, C.R. (1965) The automotive contri-
bution to air-borne polynuclear aromatic hydrocarbons
in Detroit. J. air Pollut. Control Ass., 15, 113

Demisch, R.R. & Wright, G.F. (1963) The distribution of
polynuclear aromatic hydrocarbons between aqueous and
nonaqueous phases. Canad. J. Biochem., 41, 1655

Fébidn, B. (1968a) Kanzerogene Substanzen in Speisefett und
-01. IV. Untersuchungen an Margarine, Pflanzenfett und
Butter. Arch. Hyg. (Muenchen), 152, 231

Fdbidn, B. (1968b) Kanzerogene Substanzen in Speisefett und

-6l. V. Untersuchungen an verschieden zubereiteten Brat-
wirsten. Arch. Hyg. (Muenchen), 152, 251

Fabidn, B. (1969) Kanzerogene Substanzen in Speisefett und
-61. VI. Weitere Untersuchungen an Margarine und
Schokolade. Arch. Hyg. (Muenchen), 153, 21

Fischer, R. (1968) Production of benzo(j)fluoranthene for

comparison purposes in chromatography. Chromatographia,
1, 403

Fischer, R. (1970) Spektrophotometrisches Verfahren zur
raschen Beurteilung von Russen auf ihren Gehalt an
polycyclischen, aromatischen Kohlenwasserstoffen.
Z. analyt. Chem., 249, 110

88



Hoffmann, D. & Wynder, E.L. (1962a) Analytical and biological
studies on gasoline engine exhaust. Nat. Cancer Inst.

Monogr., 9, 91

Hoffmann, D. & Wynder, E.L. (1962b) A study of air pollution
carcinogenesis. II. The isolation and identification of
polynuclear aromatic hydrocarbons from gasoline engine
exhaust condensate. Cancer, 15, 93

Kruber, 0., Oberkobusch, R. & Rappen, L. (1953) Uber das
10,11~ und 11,12-Benzofluoranthen im Steinkohlenteer-
Pech. Ber. dtsch. chem. Ges., 86, 534

Lang, K.F., Buffleb, H. & Kalowy, J. (1957) Die Pyrolyse des
Naphthalins. Chem. Ber., 90, 2888

Lijinsky, W., Domsky, I., Mason, G., Ramahi, H.Y. & Safavi, T.
(1963) The chromatographic determination of trace amounts
of polynuclear hydrocarbons in petrolatum, mineral oil
and coal-tar. Analyt. Chem., 35, 952

Masuda, Y. & Kuratsune, M. (1971) Polycyclic aromatic hydro-
carbons in smoked fish, "katsuobushi'". Gann, 62, 27

Masuda, Y., Mori, K. & Kuratsune, M. (1966) Polycyclic
‘aromatic hydrocarbons in common Japanese foods. I.

Broiled fish, roasted barley, shoyu, and caramel.
Gann, 57, 133

| Masuda, Y., Mori, K. & Kuratsune, M. (1967) Polycyclic
aromatic hydrocarbons formed by pyrolysis of carbo-
hydrates, amino acids and fatty acids. Gann, 58, 69

Stefanescu, A. & Stanescu, L. (1968) Der Gefdhrdungsgrad unter
Einwirkung der aromatischen polynuklearen Kohlenwasser-
stoffe beim Fabrikationsprozess von Russ. II. Die
Gefdhrdung durch einige krebserzeugende Kohlenwasserstoffe
und ihre Bestimmung in der Luft. Z. ges. Hyg., 14, 599

Stromberg, L.E. & Widmark, G. (1970) Qualitative determination
of polyaromatic hydrocarbons in the air near gas-works
retorts. J. Chromat., 47, 27

Titz, M. & Hochmann, P. (1967) Tables of quantum chemical
data. XII. Energy characteristics of some benzo deriva-
tives of acenaphthylene, fluoranthene and azulene.
Coll. Cs. chem. Commun., 32, 2343

89



Wynder, E.L. & Hoffmann, D. (1959a) A study of tobacco
carcinogenesis. VII. The role of higher polycyclic
hydrocarbons. Cancer, 12, 1079

Wynder, E.L. & Hoffmann, D. (1959b) The carcinogenicity of
benzofluoranthenes. Cancer, 12, 1194
Wynder, E.L. & Hoffmann, D. (1963) Ein experimenteller

Beitrag zur Tabakrauchkanzerogenese. Dtsch. med. Wschr.
88, 623

90



1

.1

) *
BENZO(a)PYRENE

1. Chemical and Physical Data

SXnonXms
Chem. Abstr. No.: 50-32-8

3,4-Benzopyrene; 1,2-Benzopyrene; 3,4-Benzpyrene;

1,2-Benzpyrene; B(a)P

Chemical formula and molecular weight

C20H12 Mol. wt: 252,32

Chemical and physical properties of the pure substance

(a)

Description: ©Pale yellow needles or plates from

benzene/methanol. Solutions in benzene show a blue

or violet fluorescence. A solution in concentrated
sulphuric acid is orange—réd with a green fluorescence.
General description in Beilsteins handbook and in

Clar (1964).

Boiling-point: 310-312°C/10 mm; 475°C/760 mm

Melting-point: 176.5-177.5°C; 179-179.3°C

Density: 1.351 (Kronberger & Weiss, 1944)

Absorption spectroscopy: The ultra-violet absorption

spectrum is described in Perkampus et al. (1967),

*

Considered by the Working Group in Lyon, December 1972.
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(£)

(g)

- in heptane; by Clar (1964), Van Duuren (1958),

Stanley et al. (1967), Howard et al. (1966a,b),
Sawicki et al. (1960a,b), and StrOomberg & Widmark
(1970a), in ethanol. The fluorescence spectrum is
described by Van Duuren (1958), Howard et al.
(1966a,b); Reske & Stauff (1963), in water; and by
Sawicki et al. (1960b), in sulphuric acid; and the
low temperature luminescence characteristics are
measured by Hood & Winefordner (1968). The infra-
red absorption spectrum is contained in the collec-
tion of spectra by Mecke & Langenbucher (1965) and
Pouchert (1971); the mass spectrum was described
by Stromberg & Widmark (1970a) and the nuclear
magnetic resonance spectrum by Bartle et al. (1969)
and Haigh et al. (1970).

Identity and purity test: Benzo(a)pyrene (B(a)P)

forms a picrate (dark red needles from benzene,
melting-point 197—1980C) and a red complex with
1,3,5-trinitrobenzene (melting-point 227-228.5°C

from benzene).

Solubility and/or volatility: A solubility of
0.004 mg/1 of water at 27°C was found by Davis et
al. (1942) and 0.012 mg/1 by Wilk & Schwab (1968).

B(a)P is soluble in benzene, toluene and xylene and

sparingly soluble in ethanol and methanol. Solubi-
lity in aqueous caffein is higher than in water
(Eisenbrand & Baumann, 1970); also, native DNA has
a solubilizing effect (Boyland & Green, 1962a,b).
The distribution coefficient in the nitromethane/
cyclohexane system was determined as 1.81 by Miller
et al. (1967) and as 2.05 by Grimmer (1961).



(h) Stability: B(a)P oxidizes in benzene under the

influence of 1light and air (Allsop, 1940; Boyland,
1933).

(i) Chemical reactivity: Hydrogenation with platinum

oxide gives 4,5-dihydrobenzo(a)pyrene, 7,8,9,10-
tetrahydrobenzo(a)pyrene and perhydrobenzo(a)pyrene
(Lijinsky & Zechmeister, 1953). On oxidation with
chromic acid or ozone, B(a)P yields benzo(a)pyrene-
1,6-quinone and benzo(a)pyrene-3,6-quinone, and on
further oxidation benzanthrone dicarboxylic anhydride
(Vollmann et al., 1937; Moriconi et al., 1961).
Electrophilic substitution occurs mainly in position
6.

2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
B(a)P from other substances and for its spectroscopic determi-
nation have been published and are extensively reviewed by
Sawicki (1964) and by Schaad (1970). They include paper
chromatography (Siddiqui & Wagner, 1972); column chromato-

graphy, used for detection in water (Siddiqui & Wagner, 1972);
thin-layer chromatography (Siddiqui & Wagner, 1972), used for

detection in air (Sawicki et al., 1970a,b,c; Strémberg &
Widmark, 1970b); gas chromatography (Bhatia, 1971; Gouw et
al., 1970; Fry¥ka, 1972), used for detection in air (Searl et
al., 1970; Strémberg & Widmark, 1970b); high-speed liquid-
liquid chromatography (Schmit et al., 1971); gel chromatography
(Edstrom & Petro, 1968; Oelert, 1969), used for detection in
exhaust (Gladen, 1972), for detection in air (Klimisch & Reese,

1972) and for detection in cigarette smoke (Stedman et al.,
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1968); Vsublimation, used for detection in air (Monkman et al.,
1970); wultra-violet absorption spectroscopy (Gladen, 1972;
Searl et al., 1970; Siddiqui & Wagner, 1972; Strémberg &
Widmark, 1970b); and fluorescence spectroscopy (Sawicki et
al., 1970a,b,c; Monkman et al., 1970). Refefences to
analytical methods used for detection in various other media,
such as air, water, food, etc., can be found in the section

on "Occurrence'.

(b) Occurrence

Exhaust: The amounts of B(a)P present in the exhaust
of internal combustion engines were determined with a
variety of workloads and fuels and with reference to a
number of differing parameters. Automobile engines
using gasoline as fuel produced 330 mg/kg of soot under
idling conditions (zero load) (Falk et al., 1958), while
the average of five sampling periods of normal run exhaust
soot amounted to 220 mg/kg of particulate matter (Sawicki
et al., 1962b). From a gasoline engine operated on a
simulated city driving schedule 31.5 mg/kg of exhaust
tar were isolated (Hoffmann & Wynder, 1962a), and
2.2-9.6 ug/minute run were found (Hoffmann & Wynder,
1962b, 1963). On a simulated working schedule with
a 1000 kg load, 20 mg/1000 m3 of exhaust were found
(Del Vecchio et al., 1970). The output of eight auto-
mobiles was 2.9-33.5 ug/mile (Hangebrauck et al., 1966) .

Engines using diesel fuel on full load produced
some 12 mg/kg of soot (Falk et al., 1958), while under
various combustions two-cycle engines produced 0.1-3.1
mg/1000 m3 of exhaust and four-cycle engines 0.6-7.4
mg /1000 m3 (Reckner et al., 1965). The output of four
trucks was about 40 ug/mile (Hangebrauck et al., 1966).
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Engines using liquified petroleum gas produced
10.9 mg/1000 m3 at full working load and 3.8 mg/1000 m

under idling conditions (zero load) (Del Vecchio et al.,

3

1970). The contribution of automobiles to levels of

atmospheric B(a)P varied between 5-42%; this percentage
being influenced by seasonal factors (Sawicki, 1967).

Air: The concentration of B(a)P in the atmosphere
has been reviewed repeatedly (Sawicki, 1967; Kotin &
Falk, 1963). Concentrations depend on the geographic
location, the presence of nearby sources of pollution
such as traffic highways or industries, and on the
season. In general, concentrations were greater in
urban than in non-urban areas (up to 100 times more in
urban areas) and greater in winter than in summer (up to
100 times) and during periods of increased smoke in the

atmosphere.

Detailed studies of air pollution in a variety of
cities in Europe (Bosco et al., 1967; Commins & Waller,
1967; Grimmer, 1966; Stocks et al., 1961), USA
(Colucci & Begeman, 1965; Conlee et al., 1967; DeMaio
& Corn, 1966; Epstein et al., 1966; Sawicki et al.,
1962b, 1965a,b; Von Lehmden et al., 1965), Australia
(Cleary, 1963; Cleary & Sullivan, 1965) and South Africa
(Louw, 1965) have been reported. Seasonal variations
were recorded; thus, winter values ranged from 0.6-104
ng/1000 m3, and summer values from 0.03-4 ug/1000 m3
(Bosco et al., 1967; Colucci & Begeman, 1965; DeMaio
& Corn, 1966; Sawicki et al., 1962b; Von Lehmden et al.,

1965; Waller & Commins, 1967).

In London, during a period in which smoke condensation
was high (December 1957), a concentration as high as
2220 ug/1000 m3 was recorded (Commins & Waller, 1967),
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but after that winter values did not exceed 54 ug/1000 ms.
In Sydney, samples from four different areas of the town

showed concentfétions ranging from 2.5-6.5 ug/1000 m3
(Cleary, 1963), and in three South African cities 16-146

ug/1000 m3 have been found (Louw, 1965).

In industrial areas B(a)P was found in concentrations
of 30-50 mg/kg (Dikun & Nikberg, 1958), and the air in
an old industrial town (Irkutsk) contained considerably
more B(a)P than did that of a new industrial town
(Angarsk) (Grushko et al., 1958).

Examination of particulates or extracts in six US
cities gave the following results: 80-800 ug/g of
benzene soluBle fraction (Sawicki et al., 1965a), and
110-670 pg/g of organic atmospheric particulate matter
(Epstein et al., 1966).

Cigarette smoke: B(a)P has been reported in a

great number of studies from all over the world to be
present in cigarette smoke in amounts ranging from
0.2-12.2 ug/100 cigarettes (Surgeon General's Report,
1964; Wynder & Hoffmann, 1967). The average of 10
values selected on the basis of adequacy of the analy-
tical procedure was in the order of 1.6 ng/100 cigarettes;
however a loss of B(a)P during the process of fractiona-
tion and purification is likely to occur (Surgeon
General's Report, 1964). Elmenhorst & Grimmer (1968)
detected an average concentration of 1.31 mg/kg in

cigarette smoke condensate.

Pyrolysis: B(a)P has been produced by pyrolysis
of anthracene at 950°C (16 000 mg/kg) (Badger et al.,
1964), of dicetyl at 800°C (370 mg/kg) (Lam, 1956a),

of carbohydrates, amino acids and fatty acids at 700°C




(1.2-88.8 mg/kg) and at SOQOC (up to 0.14 mg/kg) (Masuda
et al., 1967) and of different tobacco Constituents at
650°C (cured tobacco, up to 0.8 mg/kg) (Gilbert & Lindsey,
1957), at 700°C (dotriacontane, 1300 mg/kg; stigmasterol,
6000 mg/kg; aliphatic hydrocarbons, 30 mg/kg) (Badger

et al., 1965; Lam, 1956b) and at 800°C (aliphatic hydro-
carbons, 340 mg/kg) (Lam, 1956b). The amount of B(a)P
found among the pyrolysis products of various materials,
including agar-agar, natural dyes, humectants, glues,
starches and logwood, varied between 6 ng/kg of starting
material for extract of logwood and 470 pug/kg for agar-
agar (Kroeller, 1965a,b).

Occupational exposure: The isolation of B(a)P from
coal-tar dates back to 1933 (Cook et al., 1933).
Kreyberg (1959) isolated B(a)P concentrations ranging
from 180-7300 1g/1000 m>

and one electrical plant. In gas works retort houses

from the air of two gas works

mean concentrations ranging from 1.4-4.8 mg/lOOOm3 and
max imum concentrations of 2300 mg/1000 m3 have been
measured (Lawther et al., 1965). Sawicki et al. (1965b)
found 0.4 mg/1000 m> in air polluted by coal-tar pitch
fumes, up to 2700 mg/1000 m3 in industrial effluents

and 1000 mg/1000 m> in domestic coal combustion stack
effluents. In the workers' atmosphere in coal and pitch
coking plants average concentrations ranging from 0.3-35
mg/1000 m3 (Masek, 1971) have been found. B(a)P is
present in all kinds of soot and smoke. Hamm & Toth
(1970) detected it in tar and smoke from smoke houses,
and Rhee & Bratzler (1968) in wood smoke. In carbon
black soot, 20-40 mg/kg have been found (Falk et al.,
1958), and in different kinds of soot 52-510 mg/lOOO'm3
(Stefanescu & Stanescu, 1968) and 5.3 mg/kg (Fischer,
1970) have been detected. |
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The emission levels of B(a)P from heat generation
sources ranged from 19-400 000 ug/lO6 Btu1 heat input
(coal) and 20-200 ug/lO6 Btu heat input (gas). From
incineration and open burning (of municipal refuse,
automobile tyres, etc.) the emission levels ranged from
0.016-3.3 mg/kg of particulate matter for a municipal
incinerator, 58-180 mg/kg of particulate matter for a
commercial incinerator, and 11-1100 mg/kg of particulate

matter in open burning (Hangebrauck et al., 1964).

Average values for five sampling periods at a down-
town garage were 33 ug/1000 m3 (Sawicki et al., 1962b),
and air polluted by coal-tar fumes during a sidewalk
tarring operation contained 78 mg/1000 m3 (Sawicki et
al., 1962a). Vapours produced at BOOOC from melted
coal-tar contained up to 44 g/kg and the solid tar
30 g/kg (Bonnet, 1962). From measurements at three
different places close to a workman he calculated that
the man would inhale 0.26-2.98 mg /hour depending on
the temperature of the tar. Up to 12.5 g/kg were found
in coal-tar and coal-tar pitch (Lijinsky et al., 1963;
Sawicki et al., 1962b; Shabad et al., 19703 Wallcave
et al., 1971). 0.1-27 mg/kg B(a)P were also detected
in petroleum asphalt (Wallcave et al., 1971), 0.34 ug/kg
in wood tar (Shabad et al., 1970), 0.3-1 rg/kg in
bituminous coal (Tye et al., 1966), 0.14-0.2 pg/kg in
creosote oil (Lijinsky et al., 1963), up to 0.1 ug/kg
in shale o0il (Berenblum & Schoental, 1943b), 23 ug/kg
in the commercial solvent hexane (Lijinsky & Raha, 1961)

and up to 0.55 ug/kg in asbestos (Harington, 1962).
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Soil and water: For a review of B(a)P concentrations
in soil see Shabad et al. (1971). Studies on the B(a)P

content of soil have been carried out in many countries,

and concentrations vary depending on the distance from
a source of pollution. Air pollution is considered to
be the main source; however, microorganisms in the soil

may either metabolize or accumulate B(a)P (Shabad, 1968).

In non-industrial areas (forest, wood and sand
samples in Germany, France, Bohemia and USA; and lava
and humus soil in Iceland) concentrations ranging from
O (Iceland) - 127 ug/kg have been found (Blumer, 1961;
Borneff & Fischer, 1962; Borneff & Kunte, 1963;

Fritz & Engst, 1971; Grimmer et al., 1972; Mallet &
Héros, 1962; Zdrazil & Picha, 1966), and up to 1300
ng/kg were found by Blumer (1961) in forest samples.

In studies concerning Paris, Moscow and a Bohemian town
and their vicinities, concentrations ranging from 0-939
ng/kg have been found, depending on the degree of
urbanization and the amount of traffic (Perdriau, 1963;
Shabad, 1968; Zdrazil & Picha, 1966). B(a)P has been
found in soil near traffic highways, up to 2000 ug/kg.
(Zdrazil & Picha, 1966), and in the soil of an oil
refinery plant, 200 mg/kg (Shabad, 1968); and up to
650 mg/kg have been detected in soil polluted by coal-
tar pitch (Fritz & Engst, 1971). B(a)P cdntentiwas
found to be higher in the region of an airfield than at
control points and to be gradﬁally reduced with increasing
distance from the source of pollution (Smirnov, 1970);
and in an airfield sample from Iceland 785 ug/kg have

been found (Grimmer et al., 1972).
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Andelman & Suess (1970) summarize B(a)P content in
water. In drinking-water, 0.1-23.4 ug/m3 B(a)P have
been found (Borneff & Kunte, 1964, 1969). In surface
water, concentrations ranged from 0.6-114 ug/m3 (Borneff
& Kunte, 1964), and in several samples of effluents a
wide range of concentrations (1-1840 ug/ms) has been
found, possibly due to industrial effluents or to
bituminous contamination (Borneff & Kunte, 1965). As
much as 34.5 mg/m3 were determined in sewage water from
household, trade and industrial sources (Borneff & Kunte,
1967).

Food: 1In meat or fish the amount of B(a)P present
depends on the method of cooking: time of exposure,
distance from the heat source and whether or not the
melted fat is allowed to drop into the heat source.

In broiled meat or sausages 0.17-0.63 nug/kg were found
(Grimmer & Hildebrandt, 1967a), and 0.9 ug/kg were
detected in gas-broiled fish (Masuda et al., 1966b) . In
charcoal-broiled or barbecued meat concentrations ranged
from 2.6-11.2 pg/kg (Lijinsky & Ross, 1967; Lijinsky

& Shubik, 1964, 1965), and as much as 50.4 ng/kg were
detected in one T-bone steak (long cooking time) (Lijinsky
& Ross, 1967). In smoked fish, concentrations ranging
from traces to 2.1 ug/kg have been found (Bailey & Dungal,
1958; Dungal, 1959; Gorelova et al., 1960; Grimmer &
Hildebrandt, 1967a; Lijinsky & Shubik, 1965; Masuda &
Kuratsune, 1971), and Masuda & Kuratsune (1971) found

up to 37 ug/kg in Japanése smoked fish. In smoked meat,
ham and sausages 0.02-14.6 pg/kg were found (Bailey &
Dungal, 1958; Hamm & Toth, 1970; Malanoski et al.,

1968; Toth, 1971), and Thorsteinsson (1969) detected



up to 23 ug/kg in Icelandic home smoked meat and 107
ug/kg if the meat was hung close to the stove.

In fruit, vegetables and cereals the B(a)P content
depends on their source (closeness to industrial areas
or traffic highways). In fruit and vegetables, the
following amounts of B(a)P were found: salad, 2.8-5.3
ug/kg; spinach, 7.4 ug/kg; tomatoes, 0.2 vg/kg; kale,
12.6-48.1 ug/kg; soya beans, 3.1 ug/kg; apples, 0.1-0.5
ng/kg; other fruits, 2-8 ug/kg. Washing of kale
removed only 10% of the quantity (Fritz & Engst, 1971;
Grimmer & Diivel, 1970; Grimmer & Hildebrandt, 1965a;
Hettche, 1971). Cereals were contaminated to variable
degrees (0.2-4.1 ug/kg) (Grimmer & Divel, 1970; Grimmer
& Hildebrandt, 1965b), and the amount present is trans-
ferred to flour and bread (Fritz, 1968c).

In different kinds of crude vegetable oils,
concentrations ranging from 0.9-15 ug/kg were found, and
up to 43.7 ug/kg were detected in crudé coconut oil
(Biernoth & Rost, 1967; Grimmer & Hildebrandt, 1967b).
B(a)P has been detected in refined vegetable o0ils (Jung
& Morand, 1963), and concentrations range from 0.4-36
vg/kg (Biernoth & Rost, 1968; Borneff & Fdbidn, 1966;
Howard et al., 1966b). In coconut fat, up to 62 ng/kg
have been detected (Biernoth & Rost, 1968), and 0.2-6.8
ug/kg have been found in margarine (Fabian, 1968, 1969;
Fritz, 1968a). The B(a)P content of oils and fats
decreased slightly with frying (Bermner & Biernoth, 1969;
Fritz, 1968d).

In roasted coffee, concentrations ranged from 0.1-4
ug/kg (Fritz, 1968b, 1969; Kuratsune & Hueper, 1960;
Méier & Stender, 1969), while as much as 15 ug were found
in heavily roasted malt coffee (Fritz, 1966, 1969).
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In tea, concentrations ranged from 3.9-21.3 ng/kg
(Grimmer & Hildebrandt, 1966) . In baker's dry yeast,
Grimmer & Wilhelm (1969) detected 1.8-40.4 ug/kg, while
dietetic yeast or feed yeasts grown on mineral o0il show
a lower content. Masuda et al. (1966a) found 0.04 pg/kg
in one of 15 brands of whisky; and in prunes dried by
different methods, concentrations ranged from 0.2-1.5
ug/kg (Ruchkovskii et al., 1969).

Other material: B(a)P has been detected in algae

(chlorella vulgaris) (Borneff et al., 1968) and in leaves
from different kinds of trees (Grdf & Diehl, 1966; Mallet

& Héros, 1962). In furnace blacks, automobile tyres and

rubber stoppers concentrations have also been found, and
these did not diminish on processing, aging or wear (Falk
et al., 1951; Smith et al., 1968).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: B(a)P has been shown by several investigators
and in different laboratories to produce benign and
malignant tumours in the forestomach (Hartwell, 1951;
Shubik & Hartwell, 1957, 1969; Thompson & Co., 1971;
Tracor/Jitco, 1973a,b). A single intragastric admini-
stration of 0.2 mg/mouse in PEG produced a total of
14 tumours in five animals out of 11. Tumours appeared
following single doses of 0.05 and 0.012 mg/mouse in 0/9
and 2/10 mice (Peirce, 1961).



The effects of feeding diets containing different
concentrations of B(a)P to mice were investigated in a
series of studies (Rigdon & Neal, 1966; Neal & Rigdon,
1967; Rigdon & Neal, 1969). An estimation of the
effective schedule of treatment is impaired by the fact
that not all groups were treated for the same period
of time and that age at start ranged between 17 and 116
days. No stomach tumours were found at the end of a
110-day treatment with diets containing up to 30 ppm
B(a)P. Tumour incidences lower than 10% were observed
in mice receiving 40-45 ppm for 110 days, whereas mice
bearing stomach tumours exceeded 70% among those given
50-250 ppm B(a)P for 122-197 days. A diet containing
250 ppm B(a)P fed for different periods of time produced
the following incidences of tumours of the forestomach:
one day of feeding, 0%; two to four days of feeding,
10%; five to seven days of feeding, 30-40%; 30 days
of feeding, 100% (Neal & Rigdon, 1967). In a subsequent
experiment, a diet containing 250 ppm B(a)P fed for 140
days to mice of the same strain starting at 18-30 days
of age was reported to have produced leukaemias and lung
adenomas in addition to stomach tumours (Rigdon & Neal,
1969). The ability of B(a)P to produce lung adenomas
when administered in the diet was confirmed in another

study (Wattenberg & Leong, 1970).

Rat: A single oral administration of 100 mg B(a)P
to 50-day-old female Sprague Dawley rats produced
mammary tumours in eight out of nine animals (Huggins &
Yang, 1962). In another study with Sprague Dawley
rats of both sexes aged three-and-a-half months at the
beginning of the experiment, daily doses of 2.5 mg B(a)P/
rat induced papillomas in the oesophagus and forestomach
in three out of 40 animals (Gibel, 1964).
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- Hamster: Bi-weekly administration of 2-5 mg B(a)P
in 0il by stomach tube produced five papillomas of the
Stomach in 67 hamsters treated for one to five months,
seven papillomas and two carcinomas in 18 treated for
six to nine months and five papillomas in eight treated
for 10-11 months (Dontenwill & Mohr, 1962). In a sub-
sequent experiment with 13 hamsters, a diet containing
500 ppm B(a)P given for four days/week for up to 14
months caused a total of 12 tumours (two in the oesopha-
gus, eight in the forestomach and two in the intestine)

in eight hamsters (Chu & Malmgren, 1965).

(b} Skin application

Mouse: Many experiments with repeated applications
of B(a)P have been performed since the original demon-
stration by Cook et al. (1933) and Cook (1933) that
B(a)P induces skin tumours in mice. Some dose-response
studies, including a no-effect dose level, have been
reported, and these indicate that the threshold dose is
affected by the strain of mouse and the solvent chosen.
Thrice weekly applications of B(a)P in acetone to CAF1
mice induced no tumours at a concentration of 0.0005%,

a total of six papillomas and two carcinomas among 19
mice at a concentration of 0.001% and increasing
incidence of benign and malignant tumours with progres-
sively shorter latent periods at higher doses. In
Swiss and CS57BL mice, tumours were not induced at
concentrations of 0.001% or less, whereas incidences
approaching 100% were found at 0.005% or higher
concentrations (Wynder et al., 1957). In another study,
toluene was used as the solvent and SWR, C3HeB aﬁd

A/He mice were painted thrice weekly with different
amounts of B(a)P. In SWR and C3HeB mice the lowest



effective dose was 0.38 ug B(a)P per application, with"
an obvious dose-response relationship above this dose
for both the percentage of tumour-bearing animals and
the shortening of the latent period; doses of 0.15 ug
were ineffective. On the other hand, in A/He mice,
paintings with 0.15-3.8 pg B(a)P were ineffective,
whereas tumours were induced following doses of 19 ug
or more (Poel, 1963). With acetone as the solvent
and using Swiss mice, borderline activity was detected
following thrice weekly painting with 0.1-1 ug B(a)P,
while tumours appeared with 3 pg and above (Roe et al.,
1970).

The modifying effect of solvents on the carcino-
genicity of B(a)P is well demonstrated by a comparison
between the effects of thrice weekly paintings with
different concentrations of B(a)P either in n-dodecane/
decalin (50:50 mixture) or in decalin on C3H/He mice.
When n-dodecane/decalin was the solvent, five malignant
tumours appeared among 24 mice painted with the lowest
concentration, i.e., 0.00002%, and the tumour incidence
increased at higher doses. With decalin, no skin
tumours developed in any of the mice below the 0.02%

concentration (Bingham & Falk, 1969).

Following repeated paintings of 0.05% solutions
in dioxane on HA/ICR/Mil Swiss albino mice, the time
at which 50% of the mice had tumours was six months
for B(a)P, nine months for dibenzo(a,h)pyrene, 11
months for dibenzo(a,i)pyrene and more than 15 months
for dibenzo(a,e)pyrehe (Hoffmann & Wynder, 1966).
The activity of B(a)P is in the same order of magnitude
as that of dibenzo(a,h)pyrene since in other experiments

on Swiss mice repeated paintings with a 0.001% solution
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of B(a)P in acetone produced papillomas in 43% and
carcinomas in 3% of the mice and the same concentration
of dibenzo(a,h)pyrene produced papillomas in 30% and
carcinomas in 30%. On the other hand, a 0.01% solution
of either compound produced both papillomas and carcino-
mas in over 90% of the mice with similar latent periods
(Wynder & Hoffmann, 1959).

Single applications of 752 ug B(a)P in toluene to
13 C57L mice caused papillomas in two animals and a
carcinoma in one; a dose of 94 ug was ineffective
(Poel, 1959).

B(a)P is an initiator of skin carcinogenesis: this
has been confirmed repeatedly since the original obser-

vation of Salaman & Gwynn (1951).

Rat: The rat has been used in experiments to
produce skin carcinogenesis to a much lesser extent than
has the mouse. In an experiment lasting 150 days,
Nakano (1937) produced seven papillomas and four carcin-
omas among 15 rats painted weekly with a 0.5-1% solution

of B(a)P in benzene.

Hamster: Bi-weekly paintings with a 0.01% solution
of B(a)P in acetone for 40 weeks did not produce skin
tumours among 10 Syrian golden hamsters. A total of
eight applications of four drops of a 0.8% solution
in mineral oil produced one melanoma among 25 survivors
at 33 weeks (Shubik et al., 1960).

Guinea pig: A very few experiments for skin

carcinogenesis in guinea pigs have been reported. In
one of them "traces" of papillomas were observed in an

unspecified number of animals painted twice weekly with



a 1% solution of B(a)P in benzene for over two years
(Oberling et al., 1937).

Rabbit: Twice-weekly painting with a 0.3% solution
of B(a)P in benzene for 400 days produced one carcinoma
and 10 papillomas among 10 rabbits (Schiirch & Winterstein,
1935). This result has been confirmed repeatedly '
(Hartwell, 1951; Thompson & Co., 1971; Tracor/Jitco,
1973a,b). Some evidence of a dose-response relationship
stems from a study on small groups of rabbits painted
five times weekly with concentrations of B(a)P in
acetone ranging between 0.0001% and 0.5%: tumours
appeared following application of concentrations of

0.005% or more (Wynder et al., 1957).

(c) Inhalation and/or intratracheal administration

Rat: 1In an inhalation study, of a group of 21
rats exposed to a mixture of 10 mg/m3 B(a)P + 3.5 ppm
SO2 for one hour/day for more than a year, two developed
squamous cell carcinomas of the lung. In another group
of 21 rats which received an additional treatment
with SO2 of 10 ppm for six hours/day, squamous cell
carcinomas appeared in five rats. No tumours were

found among three rats receiving SO, only. No group

2
was exposed to B(a)P alone (Laskin et al., 1970).

The production of lung tumours following intra-
tracheal administration of B(a)P was first demonstrated
by Ryazanov et al. (1961) in a study in which one or

five intratracheal administrations of 100 mg B(a)P to
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eight rats produced at least three lung tumours. In

a more recent dose-response study, 10 monthly intra-
tracheal injections of either 0.0005, 0.002, 0.01, 0.05,
0.25 or 2.5 mg B(a)P mixed with a blood substitute,
BK-8, and India ink were followed by an observation
period of about a further two years. No lung tumours
were found at the two lowest concentrations, while at
higher dosages percentages of animals developing lung
tumours were, respectively, 14%, 28%, 43% and 80%
(Yanisheva, 1971).

Hamster: 1In an inhalation study, hamsters exposed

to mixtures of B(a)P and SO in a schedule similar to

s
that indicated above for rais, died relatively early

" without neoplastic changes (Laskin et al., 1970). In
another experiment, tracheal papillomas and carcinomas
were observed in hamstérs exposed to approximately
2.5 mg B(a)P as a spray in sesame oil thrice weekly

for one year (Mohr, 1971).

The induction of bronchial tumours in hamsters
following intratracheal injections of B(a)P was first
demonstrated by Herrold & Dunham (1962): weekly

" instillations of 0.5 mg B(a)P in Tween 60 for five to
six months produced a total of five tracheobronchial
tumours in three animals out of five surviving for
nine months. In other studies, it was observed
that weekly doses of aqueous colloidal suspensions of
B(a)P did not produce tumours (Laskin et al., 1970).

On the contrary, a model for the induction of broncho-
genic carcinomas was found to be repeated instillations
of a saline suspension of a dust containing fine
crystalline particles of B(a)P attached by surface

adhesion to fine particles of ferric oxide (Saffiotti
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et al., 1968). A dose-response study with weekly
intratracheal administrations of equal amounts of

B(a)P and ferric oxide failed to demonstrate a no-effect
level, as the lowest dose used, 0.25 mg B(a)P/week,
produced one tumour of the respiratory tract in each of
10/88 hamsters. The highest dose used was 3 mg B(a)P/
week, and this produced a total of 58 tumours of the
respiratory tract in 34/57 hamsters (Saffiotti et al.,
1972). On the other hand, in the same experimental
system with 20 weekly doses of 0.5 mg/week, B(a)P

was less effective than 7H-dibenzo(c,g)carbazole,

since the former induced tumours of the respiratory
tract in 30% of the animals and the latter did so in
89% (Sellakumar & Shubik, 1972).

Duck: Thirty-four ducks were given a single

intratracheal dose of 50-200 mg B(a)P in Tween 80.
Survival rate was poor. One animal developed a lung
carcinoma and two had bronchial squamous metaplasia
(Rigdon & Neal, 1965).

Monkey: In a study still in progress at the time
of reporting, weekly intratracheal instillations of
3-15 mg B(a)P with an equivalent amount of ferric oxide
induced squamous carcinomas of the lung in at least
two of an original number of six subhuman primates,

Galago crassicaudatus (Crocker et al., 1970).

(d) Subcutaneous and/or intramuscular administration

Mouse: Many studies on the subcutaneous carcino-

genicity of B(a)P have been carried out (Hartwell,

1951; Shubik & Hartwell, 1957, 1969; Thompson &
Co., 1971; Tracor/Jitco, 1973a,b). Several
dose-response studies are available, some of which

permit a comparison with other carcinogens
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tested under the same conditions in the same laboratory.
In the work of Bryan & Shimkin (1943) on the induction
of local sarcomas following single injections of B(a)P
in tricaprylin, no tumours were found following doses
of 0.031 mg or less, whereas four of 20 C3H mice
developed tumours with 0.062 mg, and higher tumour
incidences were obtained following greater doses.

The thresholds of carcinogenicity for 3-methylcholan-
threne (MC) and dibenz(a,h)anthracene (DB(a,h)A) in
the same experiment were, respectively, 0.0078 and
0.0019 mg. However, the average minimal latent
periods were three months for B(a)P, two-and-a-half
months for MC and 3.7 months for DB(a,h)A.

In a more recent dose-response study on C57 mice
in which a 1:9 cholesterol:olive o0il mixture was used
as the solvent, 0.00004 mg were ineffective, whereas
0.0004, 0.004 and 0.04 mg produced sarcomas in,
respectively, one, five and 23 mice of groups of 50
(Hieger, 1959). In a further study on CFW Swiss
mice, B(a)P in cottonseed o0il produced no tumours at
doses of 0.001-0.01 mg, while 0.025 mg or more were
effective (Rigdon & Neal, 1971).

Newborn mouse: Induction of hepatomas and/or

lung adenomas and occasional tumours at other sites

in mice of different strains was recorded following
administrations of B(a)P during the first days of 1life
at doses of 20-40 ug/mouse in different solvents
(Pietra et al., 1961; Roe & Waters, 1967; To6th &
Shubik, 1967; Grant et al., 1968).

Rat: Among the many positive experiments, only
a study by Oberling et al. (1939) was dose-response
designed. Single injections of 0.05, 0.1, 0.5 and



1 mg B(a)P in olive o0il produced tumours, respectively,
in 1/7, 4/31, 9/17 and 64/69 rats.

Hamster: Injections of 2.5 mg B(a)P produced
sarcomas in 37 of 40 animals, with a latent period

of 140-150 days (Halberstaedter, 1969). This was
confirmed in subsequent studies. Only one dose-
response study is available: groups of 12 hamsters
were given a single subcutaneous injection of B(a)P

in heated olive 0il; none and one tumour were produced
by 0.005 and 0.01 mg respectively. The percentage

of animals bearing tumours approached 100% at 1 mg and

above (Riviére et al., 1963).

Guinea pig: An injection of 5 mg B(a)P in lard

to four guinea pigs induced tumours in all animals
within 394 days (Haagensen & Krehbiel, 1936). This

was confirmed in other studies (Shear, 1938).

Rabbit: Negative results have been obtained in
a few experiments on small numbers of animals
(Hartwell, 1951; Shubik & Hartwell, 1957, 1969;
Thompson & Co., 19713y Tracor/Jitco, 1973a,b).

Newt: Single injections of 10-400 ug B(a)P were

given to-a total of 160 Triturus cristatus which were

then sacrificed at intervals up to one year after
treatment. Tumours were observed in animals given

more than 20 pg (Seilern-Aspang & Kratochwil, 1962).

Monkey: A metastatizing and transplantable
sarcoma at the site of injection appeared within six
months after administration of 10 mg B(a)P in olive

0il to one tree shrew, Tupaia glis (Noyes, 1968).

A similar observation was made in the cottontop
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" marmoset, Saguinus oedipus, although the latent period

was longer (Noyes, 1969).

(e) Intraperitoneal administrttion

Mouse: Weekly i.p. injections of 2 mg B(a)P
as a colloidal suspension in water to 80 ST/A mice
induced abdominal fibrosarcomas in 81% of 40 females
and 73% of 40 males with an average latent period
of 33 weeks (Payne, 1958).

Rat: A single i.p. administration of 10 mg
B(a)P produced two mammary and two uterine carcinomas
among 10 Wistar rats within one year, whereas no
mammary tumours were found in the controls (Payne,
1958).

(f) Other experimental systems:

Intravenous injection: A dose of 39 mg/kg in

lipid emulsion given intravenously to 50-day-old

female Sprague Dawley rats induced mammary carcinomas
in nine of 30 animals within 98 days (Pataki & Huggins,
1969).

Intrabronchial implantation: Following intra-

bronchial implantation to rats of 3-5 mg pellets
containing B(a)P in cholesterol at concentrations
ranging from 0.1-100%, borderline activity was
detected at concentrations of 0.1 and 1%, while
sizable incidences of tumours were produted by pellets
containing 10% B(a)P or more. Incidences were dose-
reiated and reached a maximum of about 25% following
implantation of pellets containing 100% B(a)P (Laskin
et al., 1970).
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Tfansplacental route: Three s.c. or i.p. injections
to ICR/Ha mice of 2-4 mg B(a)P at the 11th, 13th and 15th

day of pregnancy resulted in an increased incidence of

lung adenomas and initiation of skin carcinogenesis in
the offspring (Bulay & Wattenberg, 1970; Bulay, 1970).
Foster nursing did not alter these effects (Bulay &
Wattenberg, 1971).

B(a)P has proved to be carcinogenic in a variety of

other experimental systems such as lung fixation, implant—}

ation in the stomach wall, renal parenchyma, brain and

other organs, injection into the renal pelvis, vaginal

painting etc. (Hartwell, 1951; Shubik,& Hartwell, 1957,
1969; Thompson & Co., 1971; Tracor/Jitco, 1973a,bh).

Other relevant biological data

(a) Animals

The hepatobiliary system and the gastrointestinal
tract are the main routes of elimination of B(a)P and
its metabolites in different species, independent of the
route of administration (Peacock, 1936). That the liver
metabolism plays a role in local carcinogenesis has been
suggested by experiments in which subcutaneous sarcomas
following B(a)P injection occurred to a greater extent
in mice in which liver injury was produced with carbon
tetrachloride than it did in the controls (Kotin et al.,
1962).

Several studies carried out in different experimental
systems (including in vitro studies) have revealed the
presence in the liver, in the bile and in the intestine
of primary and secondary oxidation products. The main
metabolites are 3- and 6-hydroxyB(a)P and some dihydro-
dihydroxy derivatives (Berenblum & Schoental, 1943a; '
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Falk et al., 1962; Sims, 1967, 1970a,b). The absence
among the latter of dihydrodiols in the K-region has
been emphasized (Sims, 1970a,b).

(b) Man

—

No data on B(a)P metabolism in man is available.
Human lung tissue and lymph'nodes from the tracheo-
bronchial region were found to contain B(a)P (Perdriau,
1963; Sula, 1963). Cultures of human epidermal cells
exhibit a toxic response in the presence of B(a)P,
suggesting that the cells possess a microsomal aryl
hydrolase system which is capable of converting the
hydrocarbon into a toxic metabolite (Dietz & Flaxman,
1971). Primary embryonic human lung cells resembled
mouse embryo cells in the degree to which B(a)P was
bound to cellular macromolecules following metabolism
(Brookes & Duncan, 1971). |

(¢) Carcinogenicity of metabolites

Some of the hydroxyderivatives of B(a)P have been
tested for carcinogenicity by subcutaneous injection
or skin painting with negative results (Berenblum &
Schoental, 1943a; Harper, 1957, 1958) . However in a
recent experiment on rats, B(a)P and 6-hydroxymethylB(a)P
exhibited a similar ability to induce local sarcomas
(Flesher & Sydnor, 1973).

3.3 Observations in man

Only a few reports on the effects on man of B(a)P are
available. Regressing verrucae developed in all 26 patients
who were given up to 120 skin applications of a 1% solution
of B(a)P .in benzene over a period of four months in apparently
healthy areas of the body (Cottini & Mazzone, 1939).

Similar changes were mentioned in another report concerning
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accidentallexposure to B(a)P (Rhoads et al., 1954). A
persistent nodule which was histologically diagnosed as
squamous epithelioma developed in a man who had been exposed
to B(a)P for three weeks while he was carrying out an experi-

ment in mice (Klar, 1938).

4. Comments on Data Reported and Evaluation

4.1 Animal data

B(a)P has produced tumours in all of the nine species
for which data are reported following different admini-
strations including oral, skin and intratracheal routes.

It has both a local and a systemic carcinogenic effect. In
sub-human primates, there is convincing evidence of the
ability of B(a)P to produce local sarcomas following repeated
subcutaneous injections and lung carcinomas following intra-
tracheal instillation. It 1is also an initiator of skin
carcinogenesis in mice, and it is carcinogenic in single-dose

experiments and following prenatal exposure.

In skin carcinogenesis studies in mice B(a)P was consis-
tently found to produce more tumours in a shorter period of
time than did other polycyclic aromatic hydrocarbons, with
the possible exception of DB(a,h)A (see other monographs
published in this volume). In a dose-response study
involving subcutaneous injection in mice, the minimal dose
at which carcinogenicity was detected was higher for B(a)P
than for DB(a,h)A and for MC. However, the latent periods
were shorter for B(a)P than for DB(a,h)A. In studies using
intratracheal administration, B(a)P appeared to be less

effective than 7H-dibenzof(c,g)carbazole in the hamster.
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No epidemiological studies on the significance of B(a)P
exposure to man are available, and the studies reported in
section 3.3 are insufficient to prove that B(a)P is carcino-
genic for man. However, coal-tar and other materials which
are known to be carcinogenic to man may contain B(a)P. The
substance has also been detected in other environmental
situations. The possible contribution of polycyclic aromatic
hydrocarbons from some environmental sources to the overall

carcinogenic risk to man is discussed in the preamble.

Similarities of metabolism of B(a)P in human and mouse
cells cultured in vitro have been reported. The relevance of
this finding for evaluating the risk for man cannot yet be

assessed.
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BENZO(e) PYRENE

1. Chemical and Physical Data

Sznonxms

Chem. Abstr. No.: 192-97-2

4,5-Benzopyrene; 1,2-Benzopyrene; B(e)P

Chemical formula and molecular weight

CZOH12 Mol. wt: 252.32

Chemical and physical properties of the pure substance

(a)

(b)
(c)
(d)

Description: Colourless prisms or plates from

alcohol or benzene. General description 1in

Beilsteins handbook, and in Clar (1964).

Boiling-point: 492°C

Melting-point: 178-179°C

Absorption spectroscopy: The ultra-violet absorption

spectrum was described in Perkampus et al. (1968),

in heptane; by Clar (1964), in ethanol; by Jung &
Morand (1963) and Sawicki et al. (1960), in pentane;
by Badger et al. (1965); and by Dannenberg &
Sonnenbichler (1965), in a DNA solution. The infra-red

*

Considered by the Working Group in Lyon, December 1972.
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absorption spectrum is given in the API Research
Project 44 (1960). The fluorescence spectrum is
described by Jung & Morand (1963) , Sawicki et al.
(1960), Van Duuren (1960) and Sawicki (1969), who
also discussed the influence of other factors. Data
on quasi linear fluorescence and low-temperature
fluorescence are given by Dikun (1967), Fedoseeva &
Khesina (1968), Hood & Winefordner (1968) and
Personov & Solodunov (1968). The nuclear magnetic
resonance spectrum is described by Bartle et al.
(1969), Cobb & Memory (1967) and Kuthan (1968); and
the electron spin resonance spectrum was measured by
Griffith & Poole (1969) and by Cooper et al. (1970).

(e) Identity and purity test: Benzo(e)pyrene (B(e)P)

forms a picrate with a melting-point of 229-230°C

(red needles).

(£) Solubility and/or volatility: 2.9 X 10™8 mol/1

dissolve in water at 25°C (Barone et al., 1967).

The same paper also contains data on the solubility
in water with polymethacrylic acid. The distribu-
tion coefficient in the nitromethane/cyclohexane
system is 2.10 (Grimmer, 1966). Hoffmann & Wynder
(1962b) found distribution coefficients of 1.68 in
the same system and 14.5 in the 4:1 cyclohexane/
methanol-water system. The solubility of B(e)P
with purines and pyrimidines has also been discussed
(Caillet & Pullman, 1968).

(g) Chemical reactivity: The relative electron affinities

in the gas phase and in solution were detected by

potentiometric titration (Chaudri et al., 1967).
6-Bromobenzo(e)pyrene is formed by tetrachlor-o-quinone
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with HBr (Wilk & Hoppe, 1969). Kuz'min et al.
(1967) investigated the mechanism of the electro-
philic protonation, and data on the reactive centre
(K-region) are given by Hoffmann (1969) and by Sung
(1967) .

2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
B(e)P from other substances and for 1its spectroscopic determi-
nation have been published and are extensively reviewed by
Sawicki (1964) and by Schaad (1970). They include paper
chromatography; column chromatography, used for detection in
food (Soos & Cieleszky, 1969) and for detection in air (Gladen,
1972); thin-layer chromatography (Janak & Kubecova, 1968;

Soos & Cieleszky, 1969; Hood & Winefordner, 1968), used for
detection in air (Matsushita & Suzuki, 1969; Stromberg &
Widmark, 1970; Brocco et al., 1970), and for detection 1in
paraffin and waxes (Woggon & Jehle, 1966); gas chromatography
(Savino, 1968; Bebris et al., 1971; Bhatia, 1971; Gouw et
al., 1970; Brocco et al., 1970), used for detection in shale
0il (Lahe & Eisen, 1968), for detection in cigarette smoke
(Davis, 1969), and for detection 1in air (Searl et al., 1970);
high-speed 1iquidéliquid chromatography (Schmit et al., 1971);
gel chromatography (Edstrom & Petro, 1968); wultra-violet
absOrétion spectroscopy (Strémberg & Widmark, 1970; Searl et
al., 1970; Gladen, 1972); fluorescence spectroscopy (Soos

& Cieleszky, 1969; Woggon & Jehle, 1966) or low-temperature
fluorescence (Hood & Winefordner, 1968); mass spectroscopy
(Strémberg & Widmark, 1970); and an electrophoretic separation
method (Rothwell & Whitehead, 1967). References to analytical
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methods used for detection in various other media such as air,
cigarette smoke, food, etc. can be found in the section on

"Occurrence'.

(b) Occurrence

Exhaust: The amounts of B(e)P present in the exhaust
of internal combustion engines were determined with a
variety of work loads and fuels and with reference to 2
number of differing parameters. Automobile engines
using gasoline as fuel produced 320 ug/kg of soot under
idling conditions (zero load) (Falk et al., 1958), while
the average of five sampling periods of normal run exhaust
soot amounted to 170 mg/kg of particulate matter (Sawicki
et al., 1962). From a gasoline engine operated on a
simulated city driving schedule 422 mg/kg of exhaust tar
were isolated (Hoffmann & Wynder, 1962a) and about 29 png/
minute run (Hoffmann & Wynder, 1962b, 1963). On a
simulated working schedule with a 1000 kg load 33.6 mg/
1000 m3 of exhaust were found (Del Vecchio et al., 1970).
The output of eight automobiles was 4.7-31.6 pg/mile
(Hangebrauck et al., 1966).

Engines using diesel fuel on full load produced
80 mg/kg of soot (Falk et al., 1958), while under various
combustions two-cycle engines produced 1.0-8.7 mg/1000 m3
of exhaust (Reckner et al., 1965). The output of four

trucks was about 48 ug/mile (Hangebrauck et al., 1966) .
Engines using liquified petroleum gas, while idling
under zero load, produced 2.3 wg/1000 mS’ and at full

working load 10.8 mg/1000 m3 of exhaust (Del Vecchio et
al., 1970).
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éiﬁ: B(e)P Concentrationsrin the air depend on the
geographic location, the presence nearby of sources of
pollution such as traffic highways or industries, and the
season. Usually concentrations of B(e)P were greater
in urban than non-urban areas and greater in winter than
in summer and during periods of increased smoke in the

atmosphere.

Detailed studies of air pollution in various cities
in Burope (Bosco et al., 1967; Commins & Waller, 1967,
Grimmer, 1966), USA (Colucci & Begeman; 1965; DeMaio &
Corn, 1966; Epstein et al., 1966; Sawicki et al., 1962;
Stocks et al., 1961; Von Lehmden et al., 1965) and
Australia (Cleary, 1963; Cleary & Sullivan, 1965) have
been reported. Seasonal variations were recorded, winter
values ranging from 2.9-208 ug/1000 m3 and summer values
from 0.01-10 ug/1000 m3 (Bosco et al., 1967; DeMaio &
Corn, 1966; Grimmer, 1966; Sawicki et al., 1962;
Von Lehmden et al., 1965; Waller & Commins, 1967).

In London, during a period in which smoke condensa-
tion was high (December 1957), a concentration as high as
740 ug B(e)P/1000 m3 was recorded (Commins & Waller, 1967),
but after that winter values did not exceed 37 ug/1000 ms.
In Sydney, samples from four different areas of the town
showed concentrations of B(e)P ranging between 2.3 and

6.7 nug/1000 m3 (Cleary, 1963).

Examinatioh of particulates or extracts in six US
cities give the following results: 120-630 ug/g of
benzene soluble fraction (Sawicki et al., 1965a), and
180-570 pg/g of organic atmospheric particulate matter
(Epstein et al., 1966).
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In three German cities concentrations ranged from

124-321 ug/kg of dust (Hettche, 1965); and Grimmer &
Hildebrandt (1965a) found 23-66 uwg/kg in tunnel dust.

Cigarette smoke: 1In the smoke condensate of 100

cigarettes, concentrations ranging from 0.2-2 pg have
been found (Chakraborty et al., 1971; Kiryu & Kuratsune,
1966; Orris et al., 1958; Scassellati-Sforzolini et al.,
1967; Van Duuren, 1958; Wynder & Hoffmann, 1963).

Wynder & Hoffmann (1959) found 0.1 mg/kg and Elmenhorst

& Grimmer (1968) 1.09 mg/kg in cigarette smoke condensate.

Pyrolysis: B(e)P is formed on pyrolysis of
anthracene at 950°C (Badger et al., 1964), of dicetyl at
800°¢C (730 mg/kg) (Lam, 1956a), of carbohydrates, amino
acids and fatty acids at 700°C (0.4-32.6 mg/kg) and at
500°C (up to 0.06 mg/kg) (Masuda et al., 1967), and of
different tobacco constituents at 6500C, 700°C and 800°cC
(Badger et al., 1965; Gilbert & Lindsey, 1957; Lam,
1956b) .

Occupational exposure: Kreyberg (1959) isolated

concentrations of B(e)P ranging from 100-150 ng/1000 m3

from the air of two gas works and one electrochemical
plant. In gas works retort houses, Lawther et al. (1965)
found mean concentrations of 900-2500 ug/1000 ms, while
maximum concentrations of 1000 mg/1000 m3 were measured.
Sawicki et al. (1965b) reported 240 ug/1000 m° in air
contaminated by coal-tar pitch fumes, up to 4300 mg/1000 m>
in industrial effluents and 500 mg/1000 m3 in domestic
coal combustion stack effluent. B(e)P is present in all
kinds of soot and smoke. Hamm & Toth (1970) detected it
in tar and smoke from smoke houses, and Rhee & Bratzler

(1968) in wood smoke. In carbon black soot, 20-50 mg/kg
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have been found (Falk et al., 1958), and an average of
3.1 mg/kg (Fischer, 1970) have been detected in different

kinds of soot.

The emission levels of B(e)P from heat generation
sources ranged from 92-100 000 ug/lO6 Btul heat input
(coal) and 18-490 ug/lO6 Btu heat input (gas). From
incineration and open burning (of municipal refuse,
automobile tyres, etc.) the emission levels ranged from
0.08-6.5 mg/kg of particulate matter for a municipal
incinerator, 49-180 mg/kg of particulate matter for a
commercial incinerator, and 4.5-450 mg/kg of particulate

matter in open burning (Hangebrauck et al., 1964).

The average values for five sampling periods at a
downtown garage were 56 ug/kg of particulate matter, and
at a safety lane 80 ug/kg of particulate matter (Sawicki
et al., 1962).

In commercial waxes, up to 0.039 mg/kg (Lijinsky,
1960) and 12-48 pg/kg (Howard & Haenni, 1963) were found.
Lijinsky et al. (1963) detected 0-0.23 mg/kg in petrolatum,
150-180 mg/kg in creosote and 1850-1880 mg/kg in coal-tar
samples; and Wallcave et al. (1971) determined a concen-
tration of 0.03-52 mg/kg in petroleum asphalts and
5400-7000 mg/kg in coal-tar pitches.

Food: In meat or fish the amount of B(e)P present

depends on the method of cooking: time of exposure,
distance of the heat source and whether or not the melted
fat is allowed to drop into the heat source. In smoked
fish, concentrations ranged from traces to 1.9 ug/kg
(Bailey & Dungal, 1958; Grimmer & Hildebrandt, 1967a;

British thermal unit
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Howard et al., 1966a), while Masuda & Kuratsune (1971)
found up to 29 ug/kg. In gas-broiled fish, 1.2 ug/kg
were found (Masuda et al., 1966b). Charcoal-broiled or
barbecued meat can contain 1.7-7.5 pg/kg (Malanoski et
al., 1968; Lijinsky & Shubik, 1964, 1965; Lijinsky &
Ross, 1967), and up to 17.5 ug/kg were found in charcoal-
broiled T-bone steak (Lijinsky & Ross, 1967). Home
smoked meat in Iceland contained up to 4 ug/kg, and 27
ug/kg if the meat was hung close to the stove (Thorsteinsson,
1969). In gas- or electric-broiled meat, the B(e)P
content was 0.1-5.7 ug/kg (Grimmer & Hildebrandt, 1967a;
Lijinsky & Ross, 1967).

In smoked ham, up to 5.2 ug/kg were found (Grimmer
& Hildebrandt, 1967a; Howard et al., 1966a; Hamm &
Toth, 1970); heavy smoking brought the B(e)P content
up to 17.9 pg/kg (Toth, 1971). Elmenhorst & Dontenwill
(1967) detected B(e)P in the smoke of charcoal-broiled

bacon, and it has been found in the smoke of gas- and

electric-broiled fish (Masuda et al., 1966b).

In vegetables the following amounts of B(e)P were
found: salad, 3.7-14.7 ug/kg; tomatoes, 0.2 ug/kg;
spinach, 6.9 ug/kg; and kale, 1.1-19.4 ug/kg (Grimmer &
Hildebrandt, 1965c). Washing of kale removed only 10%
of the quantity. Hettche (1971) found up to 67.2 ug/kg in
kale, and Grimmer & Dilivel (1970) up to 4.3 ug/kg in soya

bean.

Cereals contain variable amounts of B(e)P, depending
on their source; concentrations of 0.3-4.9 ug/kg have
been found, and this amount is transferred to the flour
and bread (Grimmer & Hildebrandt, 1965b; Fritz, 1968c).
In the bread crust the content is somewhat higher,

depending on the degree of burning (Fritz, 1968c).



In different kinds of crude vegetable oils, concentr-
ations ranged from 0.6-16.5 ug/kg, and up to 32.7 ug/kg
have been found in crude coconut oil (Biernoth & Rost,
1967; Grimmer & Hildebrandt, 1967b). B(e)P has aléo
been detected in refined vegetable oils (Jung & Morand,
1963), where concentrations ranging from 0.4-25 ug/kg
have been found (Biernoth & Rost, 1968; Howard et al.,
1966b) . In coconut fat from smoke-dried copra, up to
44 ug/kg have been detected (Biernoth & Rost, 1968) and
in different types of margarine and mayonnaise 0.5-1.2
vg/kg (Fritz, 1968a). The B(e)P content of oil decreased
slightly with frying (Fritz, 1968d; Berner & Biernoth,
1969) .

In roasted coffee, concentrations of B(e)P ranging
from 0.3-7.2 ug/kg (Grimmer & Hildebrandt, 1966;
Kuratsune & Hueper, 1960; Fritz, 1968b, 1969) were found,

depending on the degree of roasting; as much as 20.5
ng/kg were found in malt coffee (Fritz, 1968b).

Black tea extract contained 1.9-22.3 ug/kg B(e)P
(Grimmer & Hildebrandt, 1966) . In roasted peanuts,
up to 0.4 ng/kg B(e)P were found, the amounts rising
with the degree of roasting (Ballschmieter, 1969) . In
baker's dry yeast, Grimmer & Wilhelm (1969) detected
3.1-55 ug/kg B(e)P, while dietetic yeasts or feed yeasts
grown on mineral oil showed a lower content. Only in
one out of 15 brands of whisky could 0.03 ug/l B(e)P
be detected (Masuda et al., 1966a).

Other material: B(e)P has been found in rubber

stoppers and in automobile tyres (Falk et al., 1951;
Smith et al., 1968), and in furnace blacks (Falk & Steiner,
1952; Smith et al., 1968) in quantities which do not

diminish on processing, aging or wear.
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Wynder & Hoffmann (1959) painted a group of
20 Swiss mice thrice weekly with a 0.1% solution of B(e)P
in acetone. Among eight animals surviving after 10
months, two papillomas and three carcinomas developed.

There were no survivors after 14 months.

In the same studies, benzo(a)pyrene and dibenz(a,h)-
anthracene at the same or lower concentrations were more

active and produced tumours earlier.

A single application of 1.0 mg B(e)P in acetone
to the skin of 20 female Swiss mice induced no tumours
in an experiment lasting 64 weeks. When this treatment
was followed by repeated paintings with croton resin,
two out of 20 animals developed one papilloma each
(Van Duuren et al., 1968).

Other relevant biological data

Qualitative and quantitative studies on the metabolism

of B(e)P carried out by Sims (1970) showed that 3-hydroxy

and 4,5-dihydro-4,5-dihydroxy-benzo(e)pyrene were formed on

incubation with a rat liver homogenate.

3.3

146

Observations in man

None were available to the Working Group.



4. Comments on Data Reported and Evaluation

4.1 Animal data

The data are confined to two skin painting experiments
in mice in which B(e)P evoked a weaker response than either
benzo(a)pyrene or dibenz(a,h)anthracene. B(e)P does not
appear to be an initiator of skin carcinogenesis in mice.
It has not been tested by other routes in the mouse or in

other species.

4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of B(e)P exposure to man are available. However,
coal-tar and other materials which are known to be carcino-
genic to man may contain B(e)P. The substance has also been
detected in other environmental situations. The possible
contribution of polycyclic aromatic hydrocarbons from some
environmental sources to the overall carcinogenic risk to

man is discussed in the preamble.
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C®
CHRYSENE

1. Chemical and Physical Data

Synonyms
Chem. Abstr. No.: 218-01-9

1,2-Benzophenanthrene; Benz(a)phenanthrene;

1,2,5,6-Dibenzonaphthalene

Chemical formula and molecular weight

C18H12 Mol. wt: 228.28

Chemical and physical properties of the pure substance

(a) Description: Colourless platelets which show a

blue fluorescence. General description in
Beilsteins handbook, and in Clar (1964).

(b) Boiling-point: 448°C

(c) Melting-point: 255.8-256.3°C (corr.)

(d) Density: D420 = 1.274

(e) Absorption spectroscopy: The ultra-violet absorp-

tion spectrum is described by Sawicki et al. (1960a,
b), in pentane; by Clar (1964), in ethanol;

and by Badger et al. (1965). The fluorescence
spectrum is given by Van Duuren (1958); by

*

Considered by the Working Group in Lyon, December 1972.
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(£)

(g)

(h)

Schoental & Scott (1949), in petroleum ether; and

by Sawicki et al. (1960a,b), in pentane. The infra-
red absorption spectrum is given in the API Research
Project 44 (1960).

Identity and purity test: Chrysene forms crystalline

complexes with picric acid (orange-red needles from
benzene, melting-point 174-175°C corr.), s-trinitro-
benzene (188.5—189.50C corr.) and 2,4,7-trinitro-
fluorenone (yellow needles from alcohol, melting
point 247.8-249°C).

Solubility and/or volatility: One hundred parts

ethanol dissolve 0.097 parts chrysene at 16°C and
0.17 parts at 78°C. One hundred parts toluene
dissolve 0.24 parts chrysene at 18°C and 5.39 parts
at 100°C. It is sparingly soluble in glacial acetic
acid, ether and carbon disulphide and slightly
soluble in hot benzene or xylene. Distribution
coefficients in the methanol-water/nitromethane
system are given by Hoffmann & Wynder (1962a).

Chrysene sublimes in vacuo.

Chemical reactivity: Chrysene is first substituted

in the 6 position by electrophilic reactions and
then yields disubstituted products. 5,6-Chryso-
quinone is formed in a boiling solution of chromic
acid in glacial acetic acid. Chrysene is oxidized
by osmium tetroxide in pyridine to 5,6-dihydro-1,2-
dihydroxychrysene (Clar, 1964).



2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
chrysene from other substances and for its spectroscopic
determination have been published and are extensively reviewed
by Sawicki (1964) and by Schaad (1970). They include paper
chromatography; column chromatography, used for detection in
air (Sawicki et al., 1970); thin-layer chromatography; gas
chromatography, used for detection in soot (Chakraborty &
Long, 1967), and for detection in air (Searl et al., 1970);
gel chromatography (Edstrom & Petro, 1968); wultra-violet
absorption spectroscopy (Sawicki et al., 1970, Searl et al.,
1970); and fluorescence spectroscopy. References to
analytical methods used for detection in various other media
such as air, water, food, etc. can be found in the section

on "Occurrence'.

(b) Occurrence

Exhaust: Hoffmann & Wynder (1962a,b, 1963) isolated
12 ug chrysene from automobile exhaust gas after a one-
minute run, and 175 mg/kg of exhaust tar from gasoline
engine exhaust. Two-cycle diesel engines under various
conditions produced 3.6-17 ug/m3 of exhaust (Reckner et
al., 1965).

Air: Detailed studies of air pollution in various
cities in Europe, USA and Australia showed that in
general concentrations depended on the geographic
location, the presence of nearby sources of pollution
such as traffic highways or industries, and the season.
Usually, concentrations were greater in winter than in
summer. In Siena, Pittsburgh and Bochum, seasonal

variations were recorded; summer values ranged from
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2.5-3.6 ug/1000 n> (Bosco et al., 1967; DeMaio & Corn,
1966) and winter values frbm 20-361 ug/1000 m3 (Bosco et
al., 1967; DeMaio & Corn, 1966; Grimmer, 1966). In
Sydney and Cincinnati concentrations of 1.8-13.3 ug/1000 m3
(Cleary, 1963; Conlee et al., 1967), depending on the
traffic situation were found. Examination of particu-
lates or extracts give the following results: 150-490
ug/g of organic atmospheric particulate matter in six
American cities (Epstein et al., 1966); 200-533 ug/kg

in three German cities (Hettche, 1965); 5.4 (winter
value) - 23.3 yug/g (summer value) in Sydney (Cleary &
Sullivan, 1965); 22-64 ug/kg in road dust near a highway
(Borneff & Kunte, 1965); and 42.6-119 ug/g in dust
samples from an automobile tunnel (Grimmer & Hildebrandt,
1965a).

Cigarette smoke: In the smoke condensate of 100

cigarettes, concentrations ranging from 0.06-6.0 ug
were found (Cook, 1961; Kiryu & Kuratsune, 1966;

Van Duuren, 1958; Wynder & Hoffmann, 1963), and in
smoke condensate 1.5-2 pg/kg (Wynder & Hoffmann, 1959)
and 5.7 ug/g (Elmenhorst & Grimmer, 1968).

Pyrolysis: Chrysene is formed on pyrolysis of
dicetyl at 800°C (0.17 mg/kg) (Lam, 1956a), of aliphatic
hydrocarbons in tobacco at 800°C (0.4 mg/kg) and at
700°¢ (0.086 mg/kg) (Lam, 1956b) and of carbohydrates,
amino acids and fatty acids at 700°C (up to 91 mg/kg)
and at 500°C (up to 0.16 mg/kg) but none at 300°C
(Masuda et al., 1967).

Occupational exposure: Chrysene has been determined
by Sawicki et al. (1965) in the effluents of two
industrial sources (1600 mg/1000 ms). It has been
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found in different kinds of soot and smoke, e.g., in
carbon black soot (45-200 ug/ms) (Stefanescu & Stanescu,
1968), in wood smoke (Rhee & Bratzler, 1968), and in soot
from pre-mixed acetylene-oxygen flames (Long & Tompkins,
1967). In addition, chrysene occurs in the aromatic
fraction of a clarified oil (Dietz et al., 1956); in
commercial solvents (Lijinsky & Raha, 1961), and waxes

(2 ug/kg) (Howard & Haenni, 1963); in tar 0oil for
impregnation of timber (Kadlec et al., 1962)¢ in gas
works tar (Kennaway, 1924)3 in paraffin wax (Lijinsky

et al., 1961)3 in petrolatum (up to 0.44 mg/kg), creosote
(up to 1340 mg/kg) and coal-tar (up to 2860 mg/kg)
(Lijinsky et al., 1963); in benzene extracts of Yubari
coal (Ouchi & Imuta, 1963)3 1in cracked petroleum

residuum and extracts of bituminous coal (Tye et al.,
1966a,b)s in extracts from the Posidonomya shales (Heller,
1967)3 and in petroleum asphalts (0.4-34 mg/kg) and
coal-tar pitch (up to 10 000 mg/kg) (Wallcave et al.,
1971).

Soil and water: Fritz & Engst (1971) found 15 ng/kg

in sand samples and up to 600 000 ug/kg in soil polluted
by coal-tar pitch, and Blumer (1961) detected chrysene

in rural soil.

Chrysene has been reported to be present in surface
water at concentrations of 11.8-38.2 ug/mg, measured at
different times (Borneff & Kunte, 1964). It occurred
in all water samples of the tributaries of Lake Constance,
but quantitative determination was possible in only one
case (1.6 mg/kg) (Borneff & Kunte, 1965).
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Eggé: In meat or fish the amount of chrysene
present depends on the method of cooking: time of
exposure, distance of the heat source and whether or not
the melted fat is allowed to drop into the heat source.
In broiled meat and sausages, concentrations ranged from
0.5-2.6 ug/kg (Grimmer & Hildebrandt, 1967a; Malanoski
et al., 1968). In ham, 0.5-2.6 ug/kg were found
(Malanoski et al., 1968), while heavy smoking brought
the chrysene content up to 21.2 ug/kg (Téth, 1971).

In charcoal-broiled or barbecued meat, concentrations
ranging from 0.6-25.4 ug/kg (Lijinsky & Ross, 1967;
Malanoski et al., 1968) were found. In gas-broiled
fish, up to 4.3 ug/kg were detected (Masuda et al.,
1966b); and in smoked fish, concentrations ranged from
0.3-173 pg/kg (Grimmer & Hildebrandt, 1967a; Lijinsky
& Shubik, 1965a; Masuda & Kuratsune, 1971). In the
smoke of charcoal-broiled bacon (Elmenhorst & Dontenwill,
1967) and of gas- and electric-broiled fish (Masuda et
al., 1966b), chrysene could be detected; and Lijinsky
& Shubik (1965b) found 0-6 ug/kg in liquid smoke.

In vegetables, the following amounts of chrysene
were found: salad, 5.7-26.5 ug/kg; spinach, 28.0 ug/kg;
tomatoes, 0.5 ug/kg; and kale, 58.5-395 nug/kg (Grimmer
& Hildebrandt, 1965c; Hettche, 1971).

Cereals (wheat, barley and rye) were contaminated
to variable degrees (0.8-14.5 ug/kg) with chrysene,
depending on their source (Grimmer & Hildebrandt, 1965b).

In different kinds of refined vegetable oils, mean
values were between 0.5-16.4 ug/kg (Grimmer & Hildebrandt,
1967b); and up to 20 ug/l in pressed or rectified olive
01l (Ciusa et al., 1968), up to 129 ug/kg in crude



Coconﬁt 0il (Biernoth & Rost,71967; ~Grimmer & Hildebrandt,
1967b) and up to 200 ug/kg in crude coconut fat (Biernoth
& Rost, 1968) have been found. The chrysene content of
0oils was reduced slightly by frying (Berner & Biernoth,
1969).

In roasted coffee or soluble coffee powder,
concentrations ranging from 0.6-19.1 ug/kg (Grimmer &
Hildebrandt, 1966; Kuratsune & Hueper, 1960; Fritz,
1969) have been found; and in black tea extracts,
4.6-6.3 ng/kg were detected (Grimmer & Hildebrandt, 1966).
In peanuts roasted to two different degrees, 0.01-0.71
ng/kg were found (Ballschmieter, 1969). In baker's
dry yeast 42-203 ug/kg were detected, while dietetic
yeast or feed yeast grown on mineral oil showed a lower
content (Grimmer & Wilhelm, 1969). Masuda et al. (1966a)
found chrysene in two kinds of whisky in concentrations
of 0.04-0.06 ug/1.

Other material: Falk et al. (1951) identified

chrysene in extracts of rubber stoppers and automobile

tyres.

3. Biological Data Relevant tO the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Skin application

Mouse: In an 0old experiment, mice were painted
twice weekly with different samples of chrysene as a 0.3%
solution in benzene for over 440 days. A sample of
chrysene of doubtful purity produced two papillomas

among 50 mice (30 of which were alive at six months);

165



166

another sample produced oné papilloma and one epithelioma
among 100 mice (74 of which were alive at six months) ;
whereas a sample of synthetic chrysene did not induce
tumours among 20 mice (11 alive at six months) . A 0.3%
solution in mouse fat or a 7.5% solution in oleic acid
did not produce tumours among 120 mice (Barry et al.,
1935). Another study with an unSpecified concentration
of "pure" chrysene in benzene did not produce tumours
among 50 mice, 11 of which were alive after 276 days
(Schiirch & Winterstein, 1935). In another experiment,
in which synthetic chrysene was painted as a 0.3% concen-
tration in benzene twice weekly, five of 20 mice lived
longer than 440 days and one developed a papilloma at

711 days (Bachmann et al., 1937). Riegel et al. (1951)
induced one epithelioma among 16 CFl mice surviving

after 31 weeks of biweekly painting with a 0.2% solution

in acetone.

In a more recent experiment, among 20 female Swiss
mice painted thrice weekly with a 1% solution of chrysene
in acetone, papillomas appeared in nine animals and
carcinomas in eight, the first tumour being observed
after eight months. There was an obvious shortening of
the lifespan (Wynder & Hoffmann, 1959).

A single application of 1 mg of chrysene in acetone
did not produce tumours within 63 weeks. The same
treatment initiated carcinogenesis when it was followed
by repeated painting with croton resin; it then induced
papillomas in 16 mice out of 20, as well as two carcinomas

(Van Duuren et al., 1966)



(b) Subctutaneous and/or intramuscular administration

Mouse: One s.cC. injection of 2 mg purified chrysene
did not produce sarcomas among 50 mice observed for 45
weeks (Bottomley & Twort, 1934). Similarly, two subcut-
aneous implantations of 10 mg each to 30 mice gave
negative results (Shear & Leiter, 1941). Steiner &
Falk (1951) obtained four sarcomas among 50 C57BL mice
(39 of which survived after four months) injected s.c.
with 5 mg chrysene in tricapryline; the average
induction time was 401 days, and the experiments termi-
nated at 22 months. Steiner (1955) injected 5 mg
chrysene in tricapryline to 40 or 50 C57BL mice; 22 mice
were alive at 150 days, and five developed sarcomas.
The average induction time was 271 days and the experiment
terminated between 22 and 28 months. In another experi-
ment on the same strain of mice, 2/20 animals developed
tumours 60-80 weeks after 10 injections of 1 mg chrysene
in arachis oil (no tumours appeared in controls given the

solvent alone) (Boyland & Sims, 1967) .

Rat: Barry & Cook (1934) gave repeated injections
of chrysene in lard at doses of 2-3 mg and observed four
tumours among 10 rats, whereas 2/10 controls given the
solvent only also developed sarcomas. Bi-weekly
injections of a 0.05% aqueous colloidal solution of
purified chrysene did not produce tumours among 10 rats,
four of which were alive at 18 months (Boyland & Burrows,
1935).

(c) Intraperitoneal administration

Mouse: In an experiment lasting 50 weeks, no
tumours appeared among 50 mice given an injection of 2 mg

chrysene in lard (Bottomly & Twort, 1934).
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5.2 Other relevant biologicalrdata

Quantitative experiments (Sims, 1970) using labelled
chrysene showed that four phenols were formed by rat liver
homogenates: the main phenol is probably 1-hydroxy-chrysene,
and two of the dihydro-dihydroxy compounds are probably
1,2-dihydro-1,2~dihydroxychrysene and 3,4-dihydro-3,4-dihydroxy-

chrysene.

3.3 Observations in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

Chrysene has produced skin tumours in mice following
repeated paintings in the only study in which a concentration
as high as 1% in acetone was used. It is also an initiator
of skin carcinogenesis in mice, whereas a single painting
with 1 mg chrysene with no further treatment did not induce

tumours.

High doses (2-20 mg) given by s.c. injection to mice
produced a low incidence of tumours with a long induction

time.

It has not been adequately tested by other routes or

in other species.

4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of chrysene exposure to man are available. However,
coal-tar and other materials which are known to be carcino-
genic to man may contain chrysene. The substance has also

been detected in other environmental situations. The
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possible contribution of polycyclic aromatic hydrocarbons from

some environmental sources to the overall carcinogenic risk to

man is discussed in the preamble.
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' %
DIBENZ (a,h) ANTHRACENE

1. Chemical and Physical Data

1.1 Synonyms
Chem. Abstr. No.: 53-70-3

1,2,5,6-Dibenzanthracene; 1,2;7,8-Dibenzanthracene;

Dibenzo(a,h)anthracene; DB(a,h)A

1.2 Molecular weight and chemical formula

C Mol. wt: 278.33

22M14

1.3 Chemical and physical properties of the pure substance

(a) Description: Colourless plates or leaflets from

acetic acid. Solution in concentrated sulphuric
acid is red. General description in Beilsteins
handbook, and in Clar (1964).

(b) Melting-point: 266.5-267°C; 267.5°C; 269-270°C

(c) Density: 1.282

(d) Absorption spectroscopy: The ultra-violet absorption

spectrum is described in Perkampus et al. (1967),

in heptane; by Clar (1964), in dioxane; and by

*

Considered by the Working Group in Lyon, December 1972.
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(e)

(£)

(g)

Howard et al. (1966b). The infra-red absorption

spectrum is described py Pouchert (1970); the nuclear
magnetic resonance spectrum by Clin & Lemanceau (1970)
and by Haigh & Mallion (1970); and the electron spin

resonance spectrum by Brinen (1968).

Identity and purity test: Dibenz(a,h)anthracene

(DB(a,h)A) forms a picrate (reddish needles from
benzene, melting-point 2140C); a complex with cholelc
acid (melting-point 221.5—222.30C, from dioxane);

and a complex with 1,3,5-trinitrobenzene (melting-
point 237-238.5°C).

Solubility and/or volatility: 0.0005 mg/1 dissolve
in water at 27°¢ (Davis et al., 1942). It is soluble

in most organic solvents and oils and slightly soluble
in alcohol and ether. The distribution coefficient

in the nitromethane/cyclohexane system was determined
as 1.99 by Miller et al. (1967) and as 2 by Grimmer
(1961). DB(a,h)A 1is sublimable.

Chemical reactivity: In benzene/ether DB(a,h)A adds

two atoms of Li or Na with the formation of blue
compounds which yield methanol, 7,14-dihydro-dibenz-
(a,h)anthracene (Bachmann, 1936) and with CO2 the
corresponding dicarboxylic acid (Bachmann & Pence,
1937). Reduction with Na gives the octa-hydro
derivative. DB(a,h)A can be oxidized by chromic
acid to dibenz(a,h)anthra-7,14-quinone (Clar, 1929)
and further to anthraquinone—l,2,5,6—tetracarboxylic
acid (Cook, 1931), and by osmium tetroxide to
5,6—dihydro—5,6—dihydroxy-dibenz(a,h)anthracene and
further to dibenz(a,h)anthra-5,6-quinone (Cook &
Schoental, 1948; Stephenson, 1949). Electrophilic

substitutions occur mainly in position 9.
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2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
DB(a,h)A from other substances and for its spectroscopic
determination have been published and are extensively reviewed
by ‘Sawicki (1964) and by Schaad (1970). They include paper
chromatography; column chromatography; thin-layer chromato-
graphy (Keefer, 1967; Chatot et al., 1969; Hood & Winefordner,
1968), used for detection in oil (Howard et al., 1966a); gas
chromatography (Bhatia, 1971; Chatot et al., 1969; Fry&ka,
1972), used for detection in cigarette smoke (Davis, 1969);
gel chromatography (Edstrom & Petro, 1968), used for detection
in cigarette smoke (Stedman et al., 1968); and ultra-violet
absorption spectroscopy or low-temperature fluorescence (Hood

& Winefordner, 1968). References to analytical methods used

for detection in various media such as air, soil, food, etc.,

can be found in the section on '"Occurrence'.

(b) Occurrence

Exhaust: 2.5 mg/kg of exhaust tar were isolated from
first run gasoline engine exhaust, and 0.16 from auto-
mobile exhaust gas after a one-minute run (Hoffmann &
Wynder, 1962a,b, 1963).

Air: According to two review articles (Kotin &
Falk, 1963; Sawicki, 1967) DB(a,h)A was not detected
among the polycyclic aromatic hydrocarbons found in
polluted air. However, the dust of 12 German cities
during the month of February contained 3.2-32 ug/1000 m3
(Grimmer, 1968), and tunnel dust 4-39 ug/kg (Grimmer &

Hildebrandt, 1965a).
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Cigarette smoke: 1In the smoke condensate of 100
cigarettes 0.05 (Van Duuren, 1958) - 0.4 ug (Wynder &
Hoffmann, 1963) were found, and 0.1-0.15 mg/kg
(Elmenhorst & Grimmer, 1968; Wynder & Hoffmann, 1959)

were detected in cigarette smoke condensate.

Pyrolysis: DB(a,h)A is formed on pyrolysis of the

tobacco constituent stigmasterol (400 mg/kg) at 700°C
(Badger et al., 1965).

Occupational exposure: In soot, concentrations

ranging from 64-705 mg/1000 m> have been detected
(Stefanescu & Stanescu, 1968), and coal-tar contained

between 230-300 mg/kg (Lijinsky et al., 1963).

Soil: In soil samples in Iceland (lava and humus) ,
concentrations ranged from 0-2.3 ug/kgs and 351 ug/kg
have been found in an airfield sample (Grimmer et al.,

1972) .

Food: DB(a,h)A has been detected in smoked ham
(Hamm & Téth, 1970), and 0.2 ug/kg were found in
charcoal-broiled steak (Lijinsky & Shubik, 1964, 1965).
In vegetables, the following amounts of DB(a,h)A were found:
salad, 0.6-1 ug/kg; kale, 0.1-2.6 ng/kg; spinach, 0.3
ug/kg; tomatoes, 0.04 pg/kg (Grimmer & Hildebrandt, 1965c;
Hettche, 1971). In different kinds of refined vegetable
oils, concentrations ranged from 0-3 ug/kg (Biernoth &
Rost, 1967, 1968), and in crude vegetable oils from
0-1.9 ug/kg, the highest value being found in coconut oil
(Grimmer & Hildebrandt, 1967) . In coconut fat from
smoke-dried copra, between 0.9-4 ug/kg have been found
(Biernoth & Rost, 1968). Cereals contained between
0.1-0.6 ug/kg, depending on their source (Grimmer &
Hildebrandt, 1965b). In only one out of nine samples of
yeast could 0.9 ug/kg be detected (Grimmer & Wilhelm, 1969).
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

DB(a,h)A was the first pure chemical compound shown to

be carcinogenic (Kennaway, 1930).

(a) Oral administration

Mouse: The addition of DB(a,h)A to food for a
total dose of 9-19 mg over a period of five to seven
months led to the appearance of tumours of the fore-
stomach in seven out of 22 survivors after one year;
one of these tumours was a carcinoma (Larionow &
Soboleva, 1938). In a later experiment, 20 A back-
Cross mice receiving 0.4 mg DB(a,h)A/day in a mineral
0il emulsion which replaced the drinking-water developed
two squamous cell carcinomas and 11 papillomas of the
forestomach within 406 days (Lorenz & Stewart, 1948).
In similar experiments in which NaOH was used as the
emulsifying agent, tumours were produced in the lung,
heart and intestine. Squamous carcinomas of the
forestomach were induced if the emulsion was stabilized
against the breaking effect of gastric juices (Lorenz
& Stewart, 1947; Snell & Stewart, 1962). In a study
on 42 DBA/2 mice receiving 0.2 mg/ml of olive oil
emulsion in the place of drinking-water at an average
dose of 0.76-0.85 mg/day, 27/27 survivors at 200 days
had pulmonary adenomatosis, 24 had alveologenic carcinoma
of the lung, and 16 had haemangio-endotheliomas. In
addition 12/13 females had mammary carcinomas. In 35
controls, no mammary tumours and two pulmonary adeno-

matoses were seen (Snell & Stewart, 1962).
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A Single dose of 1.5 mg DB(a,h)A in polyethylene
glycol-400 produced papillomas of the forestomach in two
out of 42 Swiss male micé within 30 weeks (Berenblum &
Haran, 1955).

In a series of studies on DB(a,h)A given by stomach
tube to mice of several strains, twice weekly administra-
tions of 0.5% DB(a,h)A in almond oil for 15 weeks (total
dose, 15 mg) produced mammary carcinomas in one out of
20 intact BALB/c female mice and in 13/24 pseudo-pregnant
female BALB/c mice (Biancifiori & Caschera, 1962) .

(b) Skin application

Mouse: Many studies on the induction of skin tumours
with DB(a,h)A have been reported since that of Kennaway
(1930) . In C3H (Jax) mice painted twice weekly with
0.25% DB(a,h)A in thiophene-free benzene for life span,
10/11 developed mammary tumours, whereas the incidence
in controls which had not been painted was 50% (Ranadive
& Karande, 1963). Bi-weekly painting with a 0.2%
solution of DB(a,h)A in acetone-benzene (38 ug/dose) of
20 Swiss mice induced skin tumours in 16 animals (Lijinsky
et al., 1965).

A dose-response study with thrice weekly paintings
of different concentrations of DB(a,h)A in acetone is
available on ICR/Ha Swiss mice. Mice which developed
tumours following painting with 0.001%, 0.01% and 0.1%
solutions were, respectively, one out of 30 (one
carcinoma), 43/50 (39 carcinomas), and 39/40 (32 carci-
nomas) . The latent period was also dose related
(Van Duuren et al., 1967) .

DB(a,h)A can also initiate skin carcinogenesis in
mice at doses of as little as 0.02 ug given once (Klein,

1960) .
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In another experimentron Swiss mice run parallel to
a study with benzo(a)pyrene (B(a)P), the carcinogenic
strength of the two chemicals was shown to be similar:
repeated paintings with a 0.001% solution of B(a)P in
acetone produced papillomas in 43% and carcinomas in 3%
of the mice, and the same concentration of DB(a,h)A
produced papillomas in 30% and carcinomas in 30%. On
the other hand, a 0.01% solution of either compound prod-

uced both papillomas and carcinomas in over 90% of mice,
with similar latent periods (Wynder & Hoffmann, 1959).

Hamster: No tumours were seen among 10 Syrian
golden hamsters receiving 20 applications of a 0.2%
solution of DB(a,h)A in mineral oil over a period of 10
weeks, five of which were alive at 50 weeks (Shubik et
al., 1960).

(¢) Inhalation and/or intratracheal administration

Rat: A total of 170 rats received five intra-
tracheal administrations of a suspension of DB(a,h)A
in protein blood substitute BK-8 with finely powdered
black India ink for a total dose of either 0, 0.5, 2,
10 or 20 mg DB(a,h)A and were observed for 30 months.
Ratios of animals with lung squamous cell carcinomas/
survivors at the appearance of first tumour or at the
end of experiment were, respectively, 0/15, 0/18, 1/27,
4/21 and 6/13 (Yanysheva & Balenko, 1966).

(d) Subcutaneous and/or intramuscular administration

Mouse: Many experiments have been performed
(Hartwell, 1951; Shubik & Hartwell, 1957, 1969;
Thompson & Co., 1971). The most significant dose-
response study 1is still that of Bryan & Shimkin (1943)
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in which DB(a,h)A dissolved in tricaprylin was given to
groups of at least 19 C3H mice as a single injection.

At doses of 0.00019, 0.0078, 0.016, 0.03, 0.06, 0.12,
0.25, 0.5, 1, 2, 4 or 8 mg the respective incidence of
local sarcomas was 2/79, 6/40, 6/19, 16/21, 20/20, 21/23,
19/21, 20/21, 22/22, 19/19, 17/20 and 16/21. Thus, the
lowest effective dose of DB(a,h)A was 0.0019 mg, whereas
3-methylcholanthrene (MC) did not induce tumours at doses
of 0.0039 mg or lower. Considering together all mice
receiving 0.0019-0.031 mg, DB(a,h)A induced sarcomas in
30/159, whereas B(a)P did so in two out of 156. However,
average minimal latent periods were 3.7 months for
DB(a,h)A, two to five months for MC and three for B(a)P.

The same order of magnitude for the effective doses
of DB(a,h)A had been observed in a previous study in an
unspecified strain of mice (Dobrovolskaia-Zavadskaia,
1938). In another study, a total of 0.012Z5 mg DB(a,h)A
in lard given as five injections induced sarcomas 1in
four of 20 mice (Lettinga, 1937). The number of lung
adenomas was increased in some studies following s.c.

injection.

Newborn mouse: A dose-response relationship has

been established among groups of General Purpose/NIH
newborn mice receiving subcutaneous injections of
logarithmically spaced dose levels ranging between

0.003 and 6.7 ug/mouse. At 0.08 ug and above, a
consistent, dose related appearance of local sarcomas
was observed. The incidence of lung adenomas increased
at 0.2 ug and above. This study was run in parallel to
~experiments with MC, and it appears that DB(a,h)A was
more active than MC. Sarcomas at the injection site

were seen sporadically following administration of
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0.003-0.01 ug DB(a,h)A, and consistently at 0.08 pug and
above, whereas MC induced sarcomas only at 0.4 ug and
above. Similarly, an increase in lung adenomas was
detected for 0.2 pug DB(a,h)A and for 1.2 ug MC (0'Gara
et al., 1965).

Rat: When DB(a,h)A dissolved in lard was given as
four injections of 8 mg at monthly intervals, 11 of an
original number of 40 rats developed tumours in the
course of a year (Shear, 1936). Single doses of 0.1 mg
or 1 mg in olive o0il produced sarcomas, respectively,
in three out of nine and in six out of 10 rats (Roussy
et al., 1942).

Guinea pig: Multiple s.c. injections of total doses

of 8-48 mg DB(a,h)A in sunflower seed o0il produced two
sarcomas (the first at 19 months) out of an original
number of 25 animals (Sﬁabad, 1938; Shabad & Urinson,
1938).

Pigeon: Of 121 pigeons which received intramuscular
injections of 3 mg DB(a,h)A in benzene and were observed
for 13 months, 14 developed a fibrosarcoma at the injec-
tion site. No tumours were found among 32 untreated

controls (Prichard et al., 1964).

Fowl: Intramuscular injection of 0.4% DB(a,h)A
in lard induced sarcomas in 15/31 fowl within 45 months
(Peacock, 1935).

(e) Other experimental systems

Pulmonary administration: Lung adenomas in mice

have occurred following different routes of adminis-
tration and also following direct administration into

the lung through the chest wall (Andervont, 1937;



Rask—Nielson, 1950; Kuschner et al., 1956). A dose-
response relationship has been found following single
intravenous injections of DB(a,h)A to A mice as a
colloidal dispersion in water. The percentage of lung-
tumour bearing animals and the number of lung adenomas
per mouse increased with increasing dose. The lowest
dose used was 0.1 mg/mouse, and this increased both the

parameters considered (Heston & Schneidermann, 1953).

Intrarenal injection: The injection of 0.3-0.5 mg

DB(a,h)A in olive oil into the kidney of frogs (Rana pip-

iens) produced renal adenocarcinomas in 26% of the
survivors compared with 3% of the controls (Strauss &
Mateyko, 1964). |

3.2 Other relevant biological data

Some hydroxylated metabolites of DB(a,h)A have been
detected in experimental systems (Boyland & Sims, 1965;
Sims, 1970). K-region epoxide and cis-dihydrodiol deriva-
tives from DB(a,h)A have been found to be more active in the
production of malignant transformation in hamster embryo
cells than the hydrocarbon or the corresponding K-region

phenol (Grover et al., 1971).

3.3 Observations in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

DB(a,h)A has produced tumours by different routes of
administration in mice, rats, guinea pigs, frogs, pigeons
and chickens. It has both local and systemic carcinogenic

effects.
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On oral administration, it produced tumours of the
forestomach in the mouse; intratracheal administration to

hamsters produced lung tumours.

In repeated skin painting experiments in mice, DB(a,h)A
and B(a)P appeared to be equally effective. In a dose-response
study on s.c. carcinogenicity with DB(4,h)A, B(a)P and MC,
DB(a,h)A was shown to be effective at a lower dose than that
effective for B(a)P or for MC; 1its latent period, however,
was longer. DB(a,h)A induced local sarcomas and increased
the incidence of lung adenomas following a single s.c. injec-
tion in newborn mice at dose levels which were ineffective
with MC.

It has not been adequately tested in other species.

4,2 Human data

No case reports or epidemiological studies on the
significance of DB(a,h)A exposure to man are available.
However, coal-tar and other materials which are known to be
carcinogenic to man may contain DB(a,h)A. The substance has
also been detected in other environmental situations. The
possible contribution of polycyclic aromatic hydrocarbons from
some environmental sources to the overall carcinogenic risk

to man is discussed in the preamble.
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V *
DIBENZO(h,rst) PENTAPHENE

1. Chemical and Physical Data

1.1 Sznonzms
Chem. Abstr. No.: 194-47-2

Tribenzo(a,e,i)pyrene; (1,2,4,5,7,8)-Tribenzopyrene;

(1,2,4,5,8,9)-Tribenzopyrene

1.2 Chemical formula and molecular weight

C Mol. wt: 352.44

28H16

1.3 Chemical and physical properties of the pure substance

(a) Description: Pale yellow needles from xylene.

General description in Beilsteins handbook, and
in Clar (1964).

(b) Melting-point: 320-321°C

(c) Absorption sSpectroscopy: The ultra-violet absorp-

tion spectrum, in cyclohexane, is described by
Clar (1964) and in cyclohexane or bemnzene in

Perkampus et al. (1967) . The maximum of fluorescence

*
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and the relative molar extinction are given by
Sawicki et al. (1960) and Sawicki (1969).

(d) Solubility and/or volatility: The substance is

soluble in concentrated H,50,. The solution has a
green colour which on heating turns red. Solutions

in xylene have a blue fluorescence.

(e) Chemical reactivity: Data on w-electron distri-

bution are given by Mallion (1971), and Snyder
(1963) reported on the energy of adsorption on
AlZOS/HZO'

2. Use and Occurrence

(a) Analytical methods

For the detection of dibénzo(h,rst)pentaphene in air
pollutants Matsushita et al. (1970) used as a clean-up step
the sublimation at 300°C and 0.01 Torr. Further cleaning
and identification is done by thin-layer chromatography and

fluorescence spectroscopy.

(b) Occurrence

The compound has been identified in suspended particu-

late matter from Kawasaki air (Matsushita et al., 1970).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a)  Subcutaneous and/or intramuscular administration

Mouse: Twenty-seven XVII/nc/Z mice (eight male,

19 female) were each injected subcutaneously with three
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doses of 0.6 mg dibenzo(h,rst)pentaphene in olive oilj;
" three males developed sarcomas after 242-320 days,
and six females developed sarcomas after 180-242 days

(Lacassagne et al., 1964) .

3.2 Other relevant biological data
None were available to the Working Group.

3.3 Observations in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

In the only experiment reported, subcutaneous injection
in mice induced sarcomas. It has not been tested by other

routes in the mouse or in other species.

4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of dibenzo(h,rst)pentaphene exposure to man are
available. Only one study reports its occurrence in urban

air.
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' *
DIBENZO(a,e) PYRENE

1. Chemical and Physical Data

1.1 SXnonXms
Chem. Abstr. No.: 192-65-4

Chem. Abstr. Name: Naphtho(l,Z,S,4,def)chrysene
1,2,4,5-Dibenzopyrene; DB(a,e)P

1.2 Chemical formula and molecular weight

C24H14 Mol. wt: 302.28

1.3 Chemical and physical properties of the pure substance

(a) Description: Yellow needles from toluene, xylene

or chlorobenzene. General description in

Beilsteins handbook, and in Clar (1964) .

(b) Melting-point: 241-242%C, 233-234°C

(c) Absorption spectroscopy: The ultraviolet absorp-

tion spectrum is described by Clar (1964), in
benzene, and by Sawicki et al. (1960); in petrol
ether. Lyons (1959) presented data on the

fluorescence spectrum, in benzene. The maximum

*
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(d)

(a)

of fluorescence and the relative molar extinction

are given by Sawicki (1969).

Solubility and/or volatility: Solutions in organic

solvents are yellow and have a green or blue fluor-
escence. Concentrated HZSO4_solutions have a red
colour and a brown fluorescence. Demish & Wright
(1963) determined the distribution coefficient
between hexane and aqueous monoethanolammoniumdeoxy—

cholate as 6.8.

Chemical reactivity: Dibenzo(a,e)pyrene (DB(a,e)P)

is oxidized by NaZCr207~in glacial acetic acid first
to dibenzo(a,e)pyrene-8,14-quinone and then to
9,14-dioxo-9,14-dihydro-dibenz(a,c)anthracene
carboxylic acid (Zinke & Zimmer, 1951; Ott, 1955).
DB(a,e)P reacts with Br2 or acetylchloride to give
the mono substitution products l-bromodibenzo(a,e)
pyrene or l-acetodibenzo(a,e)pyrene (Lang & Zander,
1965). Data on the reactive centre (K-region) are

presented by Meyer & Bergmann (1969).

2. Use and Occurrence

Analytical methods

Several chromatographic procedures for the separation of

DB(a,e)P from other substances and for its spectroscopic

determination have been published and are extensively reviewed
by Sawicki (1964) and by Schaad (1970). They include column

chromatography, used for detection in air (Dikun, 1967);

thin-layer chromatography (Libifkovd et al., 1969; Dikun,
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1967); gas chromatography, used for detection in cigarette
smoke (Davis, 1969); gel chromatography (Edstrom & Petro,
1968); fluorescence spectroscopy (Dikun, 1967); and an
electrophoretic separation method (Rothwell & Whitehead,
1967) .

(b) Occurrence

Only one investigation on the occurrence of DB(a,e)P 1is
known: Lyons (1959) detected the substance in petrol engine

exhaust samples but made no quantitative determination.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Groups of 20 female Swiss.albiho Ha/ICR/Mil
mice were painted thrice weekly for 12 months with
either a 0.1% or a 0.05% solution of DB(a,e)P in dioxane.
At the highest dose, nine out of 20 animals developed
12 papillomas and six carcinomas, whereas at the lowest
dose 16/40 developed 16 papillomas and nine epitheliomas.
50% of the mice receiving the 0.05% solution had tumours
at 15 months, whereas in a parallel experiment with
benzo(a)pyrene at the same concentration tumours
appeared in 50% of mice at six months. No tumours
appeared among 20 controls given dioxane only (Hoffmann
& Wynder, 1966).

(b) Subcutaneous and/or intramuscular administration

Mouse: Mice of the XVIT Inc/Z strain of either
sex received either three injections (at monthly inter-

vals) or a single'injection of 0.6 mg DB(a,e)P
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in olive oil. In the group receiving a total dose of
1.8 mg, 32/35 mice developed sarcomas within 142 days.
In the gfoup receiving 0.6 mg, 20/27 mice developed
sarcomas within 220 days. No sex difference was

observed (Lacassagne et al., 1963).

3.2 Other relevant biological data

None were available to the Working Group.

3.3 Observations in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

DB(a,e)P has produced tumours in mice following skin
paintings and s.c. injection. In skin painting experiments,
DB(a,e)P was less active than benzo(a)pyrene. It has not

been tested by other routes in the mouse or in other species.

4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of DB(a,e)P exposure to man are available. The only
reported occurrence of this substance was in the exhaust of

internal combustion engines.
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i *
DIBENZO(a ,h)PYRENE

1. Chemical and Physical Data

1.1 SXnonXms
Chem. Abstr. No.: 189-64-0

Chem. Abstr. Name: Dibenzo(b,def)chrysene
1,2,6,7-Dibenzopyrene; 3,4,8,9—Dibenzopyrene; DB(a,h)P

1.2 Chemical formula and molecular weight

13 14 1

Mol. wt: 302.38

1.3 Chemical and physical properties of the pure substance

(a) Description: Golden yellow plates from xylene or

trichlorobenzene. General description in Beilsteins
handbook, and in Clar (1964).

(b) Melting-point: 308°C, 310°C, 315°C

(c) Absorption spectroscopy: The ultra-violet absorption
spectrum is described by Clar (1964); Van Duureh .
(1960); Schoental & Scott (1949), in petrol ether;
and by Badger et al. (1965), who also give the |
fluorescence spectrum. Haigh & Mallion (1970)'

reported on the nuclear magnetic resonance spectrum.

*

Considered by the Working Group in Lyon, December 1972..

207



(d) Solubility and/or Volatility: The substance is

soluble in HZSO4. The solution has a red colour,

changing later into violet or blue.

(e) Chemical reactivity: Data on reactive centres in the

molecule (K-region) are given by Sung (1967) and by

Meyer & Bergmann (1969). Pullman (1964) reported
on the electron density. Binding lengths are
indicated by Vasudevan & Laidlaw (1969). The mono-

or dinitro derivative is formed by nitration (Ioffe
& Efross, 1946).

2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
dibenzo(a,h)pyrene (DB(a,h)P) from other substances are
published. They include paper chromatography (Stuchlik et
al., 1967), used for detection in food (Masuda et al., 1966);
thin-layer chromatography (Hood & Winefordner, 1968), used
for detection in air (Matsushita et al., 1970); gas chromato-
graphy, used for detection in cigarette smoke (Carugno &
Rossi, 1967); and gel chromatography, used for detection in
air (Klimisch & Reese, 1972). Subsequent determination by
fluorescence spectroscopy (Matsushita et al., 1970) or by
low-temperature fluorescence (Hood & Winefordner, 1968) and
an electrophoretic separation method (Rothwell & Whitehead,
1967) are also described.

(b) Occurrence

In comparison with other polycyclic aromatic hydrocarbons,
only few investigations on the occurrence of DB(a,h)P have

been made.
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The Surgeon General's Reportr(1962) indicated that

DB(a,h)P may be found in air pollutants or engine exhaust.

According to Lyons & Johmnston (1957) minute amounts of
DB(a,h)P are present in the neutral fraction of cigarette

tar.

Badger et al. (1964, 1965, 1966) indicated that DB(a,h)P
is formed by the pyrolysis of anthracene at 700-8500C, of the
tobacco constituents dotriacontane OT stigmasterol at 700°C

and of isoprene at 700°C.

Buu-Hoi (1958) isolated small amounts in various samples

of coal-tar pitch.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: The carcinogenic action of DB(a,h)P was
studied by Kleinenberg (1939) in 74 young P-B mice by
means of skin painting. A drop of a saturated solution
of the compound in benzene (0.15-0.18%) was applied every
other day to 50 male mice 86 times. Epitheliomata
were observed in 32 mice (65%) in this group; 49 animals
were alive at three-and-a-half months when the first
tumour appeared. The other group of 14 male and 10
female mice received the same dose every third day 55
times. Eleven epitheliomata developed, 23 animals
being alive at three-and-a-half months. The animals
were kept for at least four-and-a-half months. An

increase in the incidence of distant tumours, adenomata
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of the sebaceous glands and of the lungs was reported in
both sexes in this group, the incidences being 45% and 34%,

respectively. The spontaneous incidences of these
tumours in control animals of this strain were reported

to be 0.15-1% for sebaceous adenomas and 5-8.5% for

lung adenomas.

Badger et al. (1940) applied a 0.3% solution in
benzene twice weekly to the skin of 30 stock mice.
The experiment lasted for 350 days, and 10 carcinomas

were recorded.

Hoffmann & Wynder (1966) painted two groups of 20
female Ha/ICR/Mil (Swiss Albino) mice thrice weekly
for 12 months with a 0.1% or 0.05% solution of DB(a,h)P
in dioxane. In the first group 15 animals developed
58 papillomas and 20 epitheliomas, and in the second

group 16 animals developed 44 papillomas and 15

epitheliomas. The mean latent periods were 196 and 224
days, respectively. The control group of 20 animals
given dioxane alone did not develop tumours. The time

at which 50% of the mice receiving the 0.05% solution
had tumours was nine months, whereas in a parallel
experiment with benzo(a)pyrene at the same concentration

it was six months.

(b) Subcutaneous and/or intramuscular administration

Mouse: Kleinenberg (1938) injected 20 white mice

subcutaneously with 6 mg DB(a,h)P dissolved in pure
olive o1il. Malignant tumours developed at the
injection site in 17 animals surviving after three-and-

a-half months. The experiment lasted for nine-and-a-

half months, by which time all animals had died.

210



Mice of XVII strain were given three injections at
monthly intervals of 0.6 mg DB(a,h)P in 0.2 ml olive
oil. A total of 34 sarcomas in 35 males and one sar-
coma in 10 females were induced. The mean latent
periods were 111 and 128 days, respectively (Lacassagne
et al., 1958).

Rat: Vbronjansky et al. (1939) reported the
occurrence of two tumours in four rats dying after seven
to eight months following i.m. administration of 0.5-1.0
mg of DB(a,h)P 1in sunflower-seed oil. The duration of
the experiment was at least eight months. In another
study, six females were injected with a single dose of
0.5 mg DB(a,h)P in rabbit fat, and two sarcomas appeared
at five-and-a-half and eight months (Pisareva et al.,

1940) .

3.2 Other relevant biological data

No data were available to the Working Group.

3.3 Observations 1n man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

Carcinogenic effects of DB(a,h)P were demonstrated
following repeated skin painting in mice and injections in
mice and rats. In the skin painting experiment, it was
less active than benzo(a)pyrene. It has not been tested

by other routes or in other species.
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4,2 Human data

No case reports or epidemiological studies on the signi-
ficance of DB(a,h)P éxposure'to man afe available. However,
coal-tar and other materials which are known to be carcinogenic
to man may contain DB(a,h)P. The substance has also been
detected in other environmental situations. The possible
contribution of polycyclic aromatic hydrocarbons from some
environmental sources to the overall carcinogenic risk to man

is discussed in the preamble.
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) *
DIBENZO(a,i) PYRENE

1. Chemical and Physical Data

Synonyms
Chem. Abstr. No.: 189-55-9

Chem. Abstr. Name: Benzo(r,s,t)pentaphene
3,4,9,10-Dibenzpyrene; 1,2,7,8-Dibenzopyrene; DB(a,i)P

Chemical formula and molecular weight

C,,H Mol. wt: 302.38

Chemical and physical properties of the pure substance

(a) Description: Greenish-yellow needles, prisms or

lamellae. General description in Beilsteins
handbook, and in Clar (1964).

(b) Melting-point: 280°C (from xylene); 281.5-282°C

(from benzene)

(c) Absorption spectroscopy: Clar (1964) gives the

ultra-violet absorption spectrum in benzene, and
Muel et al. (1957) the fluorescence spectrum in
cyclohexane. Ultra-violet and fluorescence spectra

are also mentioned by Badger et al. (1965).

*

Considered by the Working Group in Lyon, December 1972.
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(d)- Solubility and/or volatility: One part of

dibenzo(a,i)pyrene (DB(a,i)P) is soluble in 500

parts of boiling glacial acetic acid and in 200

parts of boiling benzene. The solution has a yellow
colour and a blue fluorescence. Concentrated

HZSO4 solutions are blue with red fluorescence.

It is almost insoluble in alcohol and ether.

DB(a,i)P can be sublimed unchanged.

(e) Chemical reactivity: DB(a,i)P is attacked by

nitric acid and by other reagents, mainly at the
5 and 8 positions. With Pb(OAc)4, it is oxidized
to a dihydric alcohol, and to quinones with CrO3
or Se.O2 (Unseren & Fieser, 1962). 1In sulphuric

acid it is slowly oxidized to quinone.

2. Use and Occurrence

(2a) Analytical methods

Several chromatographic procedures for the separation of
DB(a,1)P from other substances have been published and are
reviewed by Schaad (1970). They include paper chromatography
(Stuchlik et al., 1967; Monkman & Porro, 1960); thin-layer
chromatography (White & Howard, 1967; Hood & Winefordner,
1968); and gas chromatography, used for detection in tobacco
smoke (Chortyk et al., 1965). Subsequent determination by
fluorescence spectroscopy (Monkman & Porro, 1960) or low-
temperature spectroscopy (Hood & Winefordner, 1968) and an
electrophoretic separation method (Rothwell & Whitehead,

1967) are described. References to analytical methods used
for detection in various other media, such as air and cigarette

smoke, can be found in the section on "Occurrence'".
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(b) Occurrence

In comparison with other polycyclic hydrocarbons, few

investigations of the occurrence of DB(a,i)P have been made.

Hoffmann & Wynder (1962) found traces of DB(a,i)P in

automobile exhaust gas.

Bonnet & Neukomm (1956) and Wynder & Wright (1957)
indicate that cigarette smoke contains traces of DB(a,i)P.
According to the Surgeon General's Report (1964), 0.002-1 ug
DB(a,i)P was present in the smoke from 100 cigarettes.

Milter et al. (1967) found 0.17 ug DB(a,1)P in the smoke from
100 cigarettes, and 0.27 ug DB(a,i)P in 100 g of smoked

tobacco.

Schoental (1957) showed that DB(a,i)P 1is present in

coal-tar.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Lacassagne et al. (1958) observed 21 papi-
l1lomas and eight epitheliomas on the skin of 23 mice
(XVII strain) painted twice weekly with a saturated
solution of DB(a,i)P in peanut oil after a latent period
of 83 days. Pai & Ranadive (1965) applied a saturated
solution of DB(a,i)P in benzene to the skin of 12 mice
and found that four mice developed epidermoid carcinoma
after 11 months. Hoffmann & Wynder (1966) painted
groups of 20 female Swiss albino Ha/ICR/Mil mice thrice

weekly for 12 months with solutions in dioxane; 16
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animals developed 15 epitheliomas and 29 papillomas after
treatment with a 0.1% solution, and 16 animals developed
13 epitheliomas and 28 papillomas after treatment with a
0.05% solution. The time at which 50% of the mice
treated with the 0.05% solution had tumours was 11 months,
whereas in a parallel experiment with the same concentra-
tion of benzo(a)pyrene it was six months. No tumours

appeared among 20 controls given dioxane only.

(b) Subcutaneous and/or intramuscular administration

Mouse: Lacassagne et al. (1957) injected 0.6 mg
DB(a,i)P in peanut oil three times at monthly intervals
to 11 mice (XVII strain). All animals developed
sarcomas at the site of injection beginning at the 42nd
day after injection. Following three s.c. applications
of 0.6 mg DB(a,i)P Lacassagne et al. (1958) observed 33
sarcomas in 35 mice (XVII strain). Waravdekar & Ranadive
(1958) produced sarcomas in all of 16 mice (a cross of
two inbred strains: XVII and C57BL) within three months
following single s.c. injections of 2 mg DB(a,i)P
suspended in 0.2 ml propylene glycol. Schoental (1959)
gave six albino mice single s.c. injections of a suspension
of 2 mg DB(a,i)P in 0.1 ml medicinal paraffin oil, and
six mice 4 mg in 0.2 ml oil. All animals developed
sarcomas at the site of injection, half of them within

two-and-a-half months.

Homburger & Treger (1960) gave single s.c. injections
into the groins of over 10 000 C57 mice of 0.5 mg DB(a,i)P
in tricaprylin and produced sarcomas at the site of
injection in 50% of mice in 14 weeks and in 98% of mice
in 24 weeks. High tumour yields after s.c. injections
have been described elsewhere (Biedler, 1962; Pai &
Ranadive, 1965). Epstein et al. (1967) observed 125
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fibrosarcomas and two local Carcinomas in 138 ICR/Ha
Swiss mice which survived the treatment (a single injec-
tion of 100 mg DB(a,i)P in 0.2 ml tricaprylin) and were
followed for 10 weeks. 01d et al. (1962)»injected 50
or 100 uyg DB(a,i)P in sesame o1l to groups of eight to
25 mice of both sexes of different strains of mice and
observed them for eight months. Incidences of 91-100%
sarcomas were obtained in BALB/c and C3H mice and their

hybrids, while in I mice incidences were slightly lower.

Hamster: Single injections of 250, 500, 1000 or
2000 pyg DB(a,i)P in tricaprylin induced sarcomas in
5/9, 9/10, 10/10 and 6/6 hamsters in 17-27 weeks
(Wodinsky et al., 1964).

(c) Other experimental systems

Transfer of injection sites: Homburger & Baker

(1969) gave C57BL/6 J mice single s.c. injections of

25 ug DB(a,i)P in 0.1 ml of tricaprylin. After seven
weeks the injection sites were removed, minced in
Ringer's solution and injected s.c. into new hosts.

This method shortened the latent period. Fifty animals
used as positive control showed 100% tumour incidence

in 23 weeks. Homburger & Treger (1967, 1970) demonstra-
ted that transfer of sites of injection of DB(a,i)P
(25-500 pg) accelerates tumour growth in the second
recipient. The latent period was shortened by up to

five weeks.

Other relevant biological data

(a) Animals: Kelley (1970) injected C57/BL/6 Jax mice
s.c. with 500 ug 14C—1abe11ed DB(a,i)P in peanut oil.
The distribution of radioactivity between injection

sites and organs was determined. This experiment
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demonstrated that 85% of the carcinogen is removed from
the injection site and that the removal was nearly

complete in 10 weeks.

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

S.c. injections of DB(a,i)P resulted in the rapid
appearance of local sarcomas in the hamster and the mouse.
The smallest single dose which produced sarcomas in mice was
50 ug. Repeated skin application in mice was also effective,
but DB(a,i)P was less active than benzo(a)pyrene. It has

not been tested by other routes or in other species.

4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of DB(a,i)P exposure to man are available. However,
coal-tar and other materials which are known to be carcinogenic
to man may contain DB(a,i)P. The substance has also been
detected in other environmental situations. The possible
contribution of polycyclic aromatic hYdrocarbons from some
environmental sources to the overall carcinogenic risk to

man is discussed in the preamble.
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*
DIBENZO(a,1) PYRENE

1. Chemical and Physical Data

1.1 SXnonXms
Chem. Abstr. No.: 191-30-0

Chem. Abstr. Name: Dibenzo(def,p)chrysene
1,2,9,10-Dibenzopyrene; 1,2,3,4-Dibenzopyrene; DB(a,1)P

1.2 Chemical formula and molecular weight

24H14 Mol. wt: 302.38

1.3 Chemical and physical properties of the pure substance

(a) Description: Pale yellow plates from ethanol, or

pale yellow plates from ethanol/benzene. The
compound described in Beilsteins handbook and in

Clar (1964) as dibenzo(a,l)pyrene is, according to
Lavit-Lamy & Buu-Hoi (1966), dibenzo(a,e)fluoranthene
(melting-point 224-2320C). Therefore, it may be
that some, probably all, investigations former to
1966 concerning dibenzo(a,l)pyrene were carried out

with dibenzo(a,e)fluoranthene.

(b) Melting-point: 162-164°C (Vingiello et al., 1966;
Carruthers, 1966, 1967).

*

Considered by the Working Group in Lyon, December 1972.
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(c) Absorption spectroscopy: “Carruthers (1966, 1967)

describes the ultra-violet absorption spectrum in

ethanolic solution.

(d) Identity and purity test: The 1,3,5-trinitrobenzene

complex forms crimson needles (melting-point 205-
206°C) .

(e) Solubility and/or volatility: 1In concentrated

sulphuric acid, the hydrocarbon gives a transient
deep blue colour, rapidly changing to crimson.

The solubilization in water by purines and pyrimid-
ines is described by Caillet & Pullman (1968).

(f) Chemical reactivity: Data on reactive centres in

the molecule (K-region) are given by Sung (1967) .

2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
dibenzo(a,l)pyrene (DB(a,1)P) from other substances have been
published. They include paper chromatography (Stuchlik et al.,
1967; Maly, 1969); thin-layer chromatography (LibiCkova et
al., 1969; Hood & Winefordner, 1968) , used for detection in
air (Siburu et al., 1967); gas chromatography (Savino, 1968),
used for detection in cigarette smoke (Davis, 1969); and an

electrophoretic separation method (Rothwell & Whitehead, 1967).

(b) Occurrence

It is probable that all investigations prior to 1966
reporting the occurrence of dibenzo(a,l)pyrene in different
media were in fact detecting dibenzo(a,e)fluoranthrene (see
section 1.3 of this monograph), therefore no data on its

occurrence are available to the Working Group.
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3.3

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals1

(a) Subcutaneous and/or intramuscular administration

Mouse: Lacassagne et al. (1968) gave two subcut-
aneous injections of 0.6 mg DB(a,1)P in 0.2 ml olive oil
at one month intervals to 12 mice of each sex of strain
XVII nc/ZE. After two months a third injection was
given to a few mice which had not developed a strong
fibrous reaction at the site of injection. All animals
developed sarcomas at the injection site. The mean
latent periods were 130 days for males and 113 days for

females.

Other relevant biological data

None were available to the Working Group.

Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

Animal data

Because of an error in identification, early experiments

supposedly made with DB(a,1)P did not in fact deal with this

compound. In the only study actually carried out with

DB(a,1)P, sarcomas were induced in all animals following

subcutaneous administration to mice. It has not been tested

by other routes in mice or in other species.

Only experiments carried out after 1966 have been consi-

dered.
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4.2 Humah data

No case reports or epidemiological studies on the signi-
ficance of DB(a,1)P exposure to man are available. It is
likely that it occurs in the ehvironment, but the data
available cannot be interpreted because of the identification

problem mentioned above.
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' *
INDENO(1,2,3-cd) PYRENE

1. Chemical and Physical Data

Synonyms
Chem. Abstr. No.: 193-39-5

2,3-0-Phenylenepyrene; IP

Chemical formula and molecular weight

C22H12 Mol. wt: 276.34

Chemical and physical properties of the pure substance

(a) Description: Yellow plates or needles from light

petroleum. General description in Clar (1964).

(b) Melting-point: 162.5-164°C

(c) Absorption spectroscopy: The ultra-violet absorption

spectrum of the substance was described by Clar

(1964); Hoffmann & Wynder (1962a), in cyclohexane,
Badger et al. (1965); Lang & Buffleb (1957); Lang
et al. (1959); and Sawicki et al. (1960) , in pentane.
Sawicki et al. (1960) also reported on the fluores-
cence maximum and on the relative molar extinction

of the compound.

(d) Identity and purity test: The picrate decomposes at
150-180°C.

*
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(e) Solubility and/or volatility: Solutions show a

greenish yellow fluorescence.

2. Use and Occurrence

(a) Analytical methods

Several chromatographic procedures for the separation of
indeno(1,2,3-cd)pyrene (IP) from other substances and for its
subsequent determination by absorption or fluorescence spectro-
scopy have been published. They include paper chromatography;
column chromatography, used for detection in soot (Chakraborty
& Long, 1967); thin-layer chromatography, used for detection
in air (Dikun, 1967; Matsushita et al., 1970); gas-chromato-
graphy (Chakraborty & Long, 1967); ultra-violet absorption
spectroscopy (Chakraborty & Long, 1967); and fluorescence
spectroscopy (Dikun, 1967; Matsushita et al., 1970) . Refer-
ences to analytical methods used for detection in various other
media such as air, water, food, etc. can be found in the

section on "Occurrence'.

(b) Occurrence

Exhaust: Hoffmann & Wynder (1962a,b) isolated
82 mg/kg of exhaust tar from first run gasoline engine
exhaust, and 5.7 ug/minute run from automobile exhaust.
In diesel engine exhaust, up to 11 ug/m3 were found
(Reckner et al., 1965).

Air: Concentrations ranging from 135-457 mg/kg IP

were found in tar samples in the Detroit area (Colucci &
Begeman, 1965); in road dust 8-61 mg/kg were found,

and in dust from air 0.96 mg/kg (Borneff & Kunte, 1965).
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Cigarette smoke: In the smoke condensate of 100

cigarettes concentrations ranged from 0.4 ug (Scassellati-
Sforzolini et al., 1967; Wynder & Hoffmann, 1963) to
2 ug (Ayres & Thornton, 1965).

Pyrolysis: IP is formed on pyrolysis of the tobacco

constituents dotriacontane or stigmasterol at 700°C
(Badger et al., 1965), and of benzene and pyrene at 700°C
(Lang & Buffleb, 1957).

Occupational exposure: An average value of 14.7 mg/kg

was isolated from soot samples (Fischer, 1970). Lang et
al. (1959) detected IP in coal-tar, and Wallcave et al.
(1971) determined 7300-9300 mg/kg in coal-tar pitch and
up to 1 mg/kg in petroleum asphalts.

Soil and water: Borneff & Fischer (1962) detected

IP in soil samples of forest areas of Darmstadt, and
Borneff & Fischer (1963) found 0.6 and 0.5 mg/kg in the
muddy deposits of Lake Constance and of the Rhine river.
In drinking-water, concentrations ranged from 0.1-12.6
ug/m3 (Borneff & Kunte, 1964, 1969). In river and lake
water a wide range of concentrations (17-4980 ug/mg) has
been found, depending on the kind of water tested (whether
it contained industrial effluents or bituminous contami-
nation) (Borneff & Kunte, 1965); while in surface water,
concentrations ranged from 1.4-123 ug/m3 (Borneff & Kunte,
1964) . As much as 15 000 ug/m3 have been found in

sewage water (from households, industry and roads) (Borneff
& Kunte, 1967).

Food: Fresh sausages contained 0.3 ug/kg, and
charcoal broiling brought the content up to 9 ug/kg
(Fabidn, 1968b). In}coconut 0il, olive oil, plant
cooking fat and plant oil, 0.9-1.6 ug/kg have been found
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(Borneff & Fabidn, 1966; Fabién, 1968a). Fibian (1968,
1969) detected concentrations of 0.2-5.5 vg/kg in margarine,
the IP content being reduced considerably by treatment with
activated charcoal and steam. The IP content of oil
decreased slightly with frying (Fritz, 1968b), and that of
fat with controlled laboratory heating (Borneff & Fdbién,
1966) . In normally roasted coffee no IP was found, but

up to 0.8 pg/kg could be detected in extremely black

coffee and up to 5.9 ug/kg in malt coffee, substitute
coffee and soluble coffee powder (Fritz,'1968a, 1969) .

Other material: IP is present in the leaves of

various kinds of trees (26-234 ug/kg) and in tobacco
leaves (18-38 ug/kg) (Grdf & Diehl, 1966), and it has
been detected in algae (Chlorella vulgaris) (Borneff et
al., 1968).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Groups of 20 female Swiss-albino Ha/ICR/Mil

mice were painted with IP either in dioxane or in acetone,
thrice weekly for 12 months. Solutions of 0.05 or 0.1%
dioxane produced no tumours. An identical treatment
‘with either 0.05 or 0.1% concentration of benzo(a)pyrene
in dioxane produced papillomas and carcinomas in more
than 80% of the animals within seven months. A dose-
response effect was detected among the groups given IP

in acetone. Concentrations of 0.01 and 0.05% produced
no tumours (at least half of the animals were alive at

one year); a concentration of 0.1% produced a total of
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six pépillomas and three carcinomas, the first tumours
appearing at nine months. A concentration of 0.5%
produced a total of seven papillomas and five carcinomas,
the first tumours appearing at three months. The same
experiment demonstrated that 10 paintings at two-day
intervals for a total dose of 250 ug initiated skin
carcinogenesis. In 30 mice subsequently treated with
croton oil in acetone, a total of 10 papillomas in five

animals was produced (Hoffmann & Wynder, 1966) .

(b) Subcutaneous and/or intramuscular administration

Mouse: Three injections of 0.6 mg IP in olive oil

at one month intervals were given to 14 XVIInc/Z mice
of each sex. Ten males developed sarcomas within 265
days, whereas only one female developed a sarcoma within

145 days (Lacassagne et al., 1963).

Other relevant biological data

None were available to the Working Group.

Observations 1in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

Animal data

IP is a complete carcinogen and an initiator for skin

carcinogenesis in the mouse. It produces local sarcomas in

the same species after subcutaneous injection. It seems to

be of lower potency as a skin carcinogen than benzo(a)pyrene.

It has not been tested by other routes in the mouse or in

other species.
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4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of IP exposure to man are available. However, coal-
tar and other materials which are known to be carcinogenic to
man may contain IP. The substance has also been detected in
other environmental situations. The possible contribution of
polycyclic aromatic hydrocarbons from some environmental
sources to the overall carcinogenic risk to man is discussed

in the preamble.
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HETEROCYCLIC COMPOUNDS



1

.1

7 *
BENZ (c)ACRIDINE

1. Chemical and Physical Data

Synonyms
Chem. Abstr. No.: 225-51-4

3,4-Benzacridine; a-Chrysidine; a-Naphthacridine;
B(c)AC

Chemical formula and molecular weight

N Mol. wt: 229

Chemical and physical properties of the pure substance

(a) Description: Yellow needles

(b) Melting-point: 108°¢C (needles from aqueous ethanol)

(c) Absorption spectroscopy: The ultra-violet absorp-

tion spectrum of the compound dissolved in water

or ethanol appears in Perkampus et al. (1971).

(d) Solubility and/or volatility: Soluble in common

organic solvents.

(e) pKa: 3.24 (Pagés-Flon et al., 1953)

(f) Chemical reactivity: Benz(c)acridine (B(c)AC)

reacts in general as an acridine. For a review

of the reactivity of acridines see Acheson (1956).

*

Considered by the Working Group in Lyon, December 197Z.
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2. Use and Occurrence

(a) Analytical methods

Various techniques have been described for the separation,
identification and quantitative determination of polynuclear
aza aromatic compounds, including B(c)AC, in air, cigarette
smoke and motor exhaust gases. These include paper chromato-
graphy (Luly & Sakodynski, 1965; Sawicki & Pfaff, 1965;
Lederer & Roch, 1967); column chromatography (Sawicki et al.,
1965d); thin-layer chromatography (Sawicki et al., 1965d;
Stanley et al., 1968; Keefer & Johnson, 1970); gas chromato-
graphy (Alberini et al., 1967; Searl et al., 1970) ; paper
and thin-layer electrophoresis (Sawicki et al., 1967); spectro-
fluorimetry (Sawicki et al., 1965d; Stanley et al., 1968);
and spectrophotometry (Sawicki et al., 1965c; Searl et al.,
1970). An improvement in the isolation of B(c)AC from
tobacco smoke condensate is reported by Rothwell & Whitehead
(1969). In general, the aza heterocyclics are separated
chromatographically prior to determination by spectrophotometry

or spectrofluorimetry.

(b) Occurrence

Exhaust: The level of 200 ug/1000 m3 B(c)AC found
in motor exhaust gas is low compared with thosc

of polycyclic aromatic hydrocarbons (Sawicki et al.,
1965b).

Air: B(c)AC has been found present at a concentration
of 0-15 ug/1000 m3 in airborne particles samples from 50
cities in the USA in 1966 (Stanley et al., 1968), whilst
Sawicki et al. (1965a) report an average atmospheric
level of 0.6 ug/1000 m3 in the average urban atmosphere
in the USA in 1963.
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Occupational exposure: Sawicki et al. (1965d)

describe the presence of B(c)AC together with 24 other
aza heterocyclics and eight polycyclic aromatic hydrocar-
bons in various air pollution source effluents. Concen-
trations of 15 mg/1000 m3 in domestic coal combustion
stack effluent, 18 and 60 mg/lOdO m3 in petroleum
refinery incinerator effluents and 0.12 mg/1000 m> in

air polluted with coal-tar pitch were found (Sawicki et
al., 1965c). Searl et al. (1970) were unable to detect
B(c)AC in coke oven effluent, but Smith (1970) found

less than 2 pg by determination of the composition of
coal-tar pitch volatiles of 20 different coke plants.
Kruber (1941) detected 8 g of B(c)AC in 1 kg of a coal-

tar pitch fraction.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Skin application

Mouse: A solution of 0.3% B(c)AC in benzene was
applied thrice weekly to the skin of 64 mice; the first
skin tumours appeared at 400 days, and five epitheliomas
developed in 14 mice surviving 470 days (Hakim, 1968).
When 24 mice were given the same treatment combined with
0.5% croton oil in acetone once weekly, 18 survived 180
days, and two-thirds of those surviving the period of

tumour induction developed epitheliomas (Hakim, 1968).

(b) Other experimental systems

Bladder implantation: Paraffin wax pellets containing

B(c)AC implanted into the bladders of 58 rats induced 29
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bladder papillomas, eight of which were malignant (Hakim,
1968); only two out of 64 rats given control pellets
developed benign papillomas.

3.2 Other relevant biological data

None were available to the Working Group.

3.3 Observations in man

None were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

B(c)AC produced skin tumours in mice treated topically
and bladder tumours in rats following local paraffin wax
pellet implantation. It has not been tested in other species

or by other routes.

4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of B(c)AC exposure to man are available. However,
coal-tar and other materials which are known to be carcinogenic
to man may contain B(c)AC. The substance has also been
detected in other environmental situations. The possible
contribution of heterocyclic compounds from some environmental
sources to the overall carcinogenic risk to man is discussed

in the preamble.
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1.

.1

3

) *
DIBENZ (a,h) ACRIDINE

1. Chemical and Physical Data

Synonyms
Chem. Abstr. No.: 226-36-8

1,2,5,6-Dibenzacridine: 1,2,5,6-Dinaphthacridine;
DB(a,h)AC

Chemical formula and molecular weight

C21H13N Mol. wt: 279

Chemical and physical properties of the pure substance

(a) Description: Yellow crystals

(b) Melting-point: 228°C

(c) Absorption spectroscopy: The ultra-violet absorption

spectrum of the compound dissolved in ethanol is
contained in Perkampus et al. (1968). The infra-red

absorption spectrum 1s described in Pouchert (1970).

(d) Solubility and/or volatility: Sparingly soluble in

ethanol.

(e) Chemical reactivity: Dibenz(a,h)acridine (DB(a,h)AC)

reacts in general as an acridine. For the reacti-

vity of acridines, see Acheson (1956).

*

Considered by the Working Group in Lyon, December 1972.
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2. Use and Occurrence

(a) Analytical methods

Techniques have been developed for the separation,

identification and estimation of DB(a,h)AC in air, cigarette

smoke and motor exhaust gases. These include paper chromato-
graphy (Van Duuren, 1962; Sawicki & Pfaff, 1965; Lederer &
Roch, 1967); column chromatography (Sawicki et al., 1965d);

thin-layer chromatography (Sawicki et al., 1965d; Keefer &

Johnson, 1970); and spectrofluorimetry and spectrophotometry

(Sawicki et al., 1965c,d). A gel chromatographic separation
method is described by Klimisch & Reese (1972).
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(b) Occurrence

Exhaust: Levels below 300 ug/kg of benzene soluble
fraction have been found in motor exhaust gas (Sawicki

et al., 1965b).

Air: DB(a,h)AC was found present at 0.08 nug/1000 m3
of an average urban atmosphere in the USA in 1963
(Sawicki et al., 1965a).

Cigarette smoke: DB(a,h)AC occurs in cigarette

smoke condensate at a concentration of 0.01 pg/100
cigarettes (Van Duuren et al., 1960). Wynder & Hoffmann
(1963, 1964) failed to detect DB(a,h)AC in cigarette

smoke.

Pyrolysis: Pyrolysis of pyridine and nicotine at
750°C leads to the formation of DB(a,h)AC in smaller
amounts than of dibenz(a,j)acridine (Van Duuren et al.,

1960). They suggested that DB(a,h)AC may be formed in

the burning cigarette from pyridine, nicotine and other

substituted pyridine bases.



‘Occupational exposure: Examination of several air

pollution source effluents revealed DB(a,h)AC levels of
17 mg/1000 m3 of gas in domestic coal combustion stack
effluent, <0.12 and 0.7 mg/1000 m3 of gas in petroleum
refinery incinerator effluents and 0.01 mg/1000 m3 in

air polluted by coal-tar pitch (Sawicki et al., 1965c).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: Of 10 mice given 5 mg DB(a,h)AC weekly, one
mouse developed an epithelioma and papilloma of the
forestomach and one other mouse also showed stomach
papillomas over a period of 627 days. In the same study
dibenz(a,j)acridine gave negative results (Badger et al.,
1940).

(b) Skin application

Mouse: Of 10 mice treated with a 0.3% solution of
DB(a,h)AC in benzene twice weekly, seven survived six
months, and over 349 days of observation one developed an
epithelioma (Barry et al., 1935). Of 30 mice painted
with a 0.3% solution in benzene twice weekly, 12 survived
one year, and over 482 days of observation four developed
epitheliomas and two papillomas (Barry et al., 1935).

Of 10 mice painted with a saturated solution in acetone,
two developed tumours over 28 weeks (Orr, 1938). Of 40
mice painted with a 0.3% solution in benzene twice weekly,
five developed epitheliomas and two had papillomas over

482 days (Badger et al., 1940).
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(c) Subcutaneous and/or intramuscular administration

Mouse: All of 20 A mice given a single injection
of 0.5 mg DB(a,h)AC in 0.1 ml tricaprylin developed
multiple lung tumours but no local sarcomas by 14 weeks
after injection, while all of 14 mice given a single
injection of 1 mg in 0.3 ml sesame oil developed multiple
lung tumours but no local sarcomas 40 weeks after
injection. 0f 19 controls only four mice developed
single lung tumours (Andervont & Shimkin, 1940). 1In a
previous study, of 19 mice injected with 1 mg DB(a,h)AC
in sesame oil in the groin, 13 survived 168 days and
eight developed sarcomas between 168 and 240 days
(Bachmann et al., 1937).

(d) Other experimental systems

Intravenous administration: Groups of 10-13 mice

were given 0.25 mg DB(a,h)AC as an aqueous suspension

and were killed after eight, 14 or 20 weeks. Multiple
lung tumours developed in three mice out of 10, nine

out of 13 and 11 out of 12 survivors at the stated periods
(Andervont & Shimkin, 1940). In 20 controls, single

lung tumours developed in one out of 20 after eight

weeks, in three out of 20 after 14 weeks and in four

out of 19 after 20 weeks.

3.2 Other relevant biological data

No data were available to the Working Group.

3.3 Observations 1in man

No data were available to the Working Group.
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4. Comments on Data Reported and Evaluation

4,1 Animal data

In mice, painting with DB(a,h)AC induces skin tumours.
Subcutaneous administration to mice induced local sarcomas
and increased the incidence of lung tumours. It has not
" been tested adequately by other routes in the mouse and not

at all in other species.

4,2 Human data

No case reports or epidemiological studies on the signi-
ficance of DB(a,h)AC exposure to man are available. However,
coal-tar and other materials which are known to be carcinogenic
to man may contain DB(a,h)AC. The substance has also been
detected in other environmental situations. The possible
contributions of heterocyclic compounds from some environ-
mental sources to the overall carcinogenic risk to man is

discussed in the preamble.
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DIBENZ(a,j)ACRIDINE

1. Chemical and Physical Data

Synonyms
Chem. Abstr. No.: 224-42-0

1,2,7,8-Dibenzacridine; 3,4,6,7-Dinaphthacridine;
3,4,5,6-Dibenzacridine; DB(a,j)AC

Chemical formula and molecular weight

C21H13N Mol. wt: 279

Chemical and physical properties of the pure substance

(a) Description: Yellow needles or prisms

(b) Melting-point: 216°C

(c) Absorption spectroscopy: The ultra-violet absorption

spectrum in ethanol is contained in Perkampus et al.
(1968). The infra-red absorption spectrum 1is
described in Pouchert (1970).

(d) Solubility and/or volatility: Soluble in ethanol,

sparingly soluble in benzene.

(e) Chemical reactivity: Dibenz(a,j)acridine (DB(a,j)AC)

reacts in general as an acridine. For the reactivi-
ty of acridines, see Acheson (1956). Catalytic

reduction yields Morgan's base, a molecular compound
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of DB(a,j)AC and 7,14-dihydro-DB(a,j)AC (Blout & Corley, 1947).

2. Use and Occurrence

(a) Analytical methods

The separation, identification and estimation of DB(a,j)AC
in air, cigarette smoke and motor exhaust gases have been
carried out by a combination of techniques including paper
chromatography (Van Duuren, 1962; Sawicki & Pfaff, 1965;
Lederer & Roch, 1967); column chromatography, thin-layer
chromatography, spectrofluorimetry and spectrophotometry
(Sawicki et al., 1965c,d).

(b) Occurrence

Exhaust: A level below 300 pg/kg of benzene soluble
fraction was found in motor exhaust gas (Sawicki et al.,

1965b) .

Air: Sawicki et al. (1965a) reported a concentration
of 0.04 ug/1000 m3 of air for the DB(a,j)AC content of

the average American urban atmosphere in 1963.

Cigarette smoke: DB(a,j)AC was found to be present

in cigarette smoke condensate at levels of 0.27 ug/100
cigarettes (Van Duuren et al., 1960) and 1 ug/100
cigarettes (Wynder & Hoffmann, 1963, 1964).

Pyrolysis: Van Duuren et al. (1960) demonstrated
the formation of DB(a,j)AC from the pyrolysis of pyridine
and nicotine at 750°C and suggested that DB(a,j)AC was

synthesised in the burning cigarette from pyridine,

nicotine and other substituted pyridine bases.

Occupational exposure: DB(a,j)AC occurs in domestic

coal combustion stack effluent at a concentration of

255



256

2 mg/lOOO ms, in petroleum refinery incinerator effluents
at concentrations of <0.15 and 1.8 mg/1000 m3 and in air
polluted by coal-tar pitch at a concentration of 0.001
mg/lOOO m3 of air (Sawicki et al., 1965c).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: Of 10 mice given 5 mg DB(a,j)AC weekly, no

tumours were seen in 572 days (Badger et al., 1940).

(b) Skin application

Mouse: Of 40 mice painted with a 0.3% solution of

DB(a,j)AC in benzene twice weekly, 34 survived six months
and 21 survived one year; over 551-597 days of observa-
tion two developed papillomas and 11 developed epithel-
iomas (Barry et al., 1935). Of 40 mice painted with

a 0.3% solution in benzene twice weekly, 11 developed
epitheliomas and two developed papillomas over a period

of 597 days (Badger et al., 1940). Of 10 mice painted
with a 0.3% solution in acetone, one drop twice weekly;
three survived 162 days; and over 245 days of observation,
three developed tumours (Lacassagne et al., 1955). Two
groups of 20 mice were painted with a 0.1 or 0.5% solution
in acetone, thrice weekly, and after 12-14 months, 15 and
16 mice had tumours; 60% of both groups had carcinomas
(Wynder & Hoffmann, 1963).

(c) Subcutaneous and/or intramuscular administration

Mouse: Of 13 strain A mice given a single injection

of 1 mg DB(a,j)AC in-0.3 ml sesame o0il, no sarcomas



developed, but all mice developed lung tumours over 40
weeks of observation; four single lung tumours developed
in 19 controls (Andervont & Shimkin, 1940). Of 10 mice
given repeated injections of 5 mg in sesame oil, two
developed sarcomas over 583 days of observation (Badger et
al., 1940). Of 10 strain XVII mice given three injections
of 0.5-1 mg in arachis o0il once per month, five animals
survived 139 days and no tumours appeared (Lacassagne et
al., 1955). Of 20 mice injected with 0.3 ml of a 0.3%
solution in sesame o0il every two Weeks no tumours developed

over 266-310 days of observation (Bachmann et al., 1937).

3.2 Other relevant biological data

None were available to the Working Group.

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

DB(a,j)AC induced skin tumours in mice following topical
application and produced local sarcomas at the highest dose
tested following subcutaneous administration. It increased
the incidence of lung tumours after s.c. administration.
Negative results were obtained by the oral route in mouse, but
the test was inadequate because of the small number of animals.

It has not been tested in other species.

4.2 Human data

No case reports or epidemiological studies on the signifi-
cance of DB(a,j)AC exposure to man are available. However,

coal-tar and other materials which are known to be carcinogenic
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to man may contain DB(a,j)AC. The substance has also been
detected in other environmental situations. The possible
contribution of heterocyclic compounds from some environmental
sources to the overall carcinogenic risk to man is discussed

in the preamble.
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' *
7H-DIBENZO(c,g) CARBAZOLE

1. Chemical and Physical Data

1.1 Sznonzms
Chem. Abstr. No.: 194-59-2

5,4,5,6-Dibenzcarbazole; 3,4,5,6-Dinaphthacarbazole;
7H-DB(c,g)C

1.2 Chemical formula and molecular weight

12 2

C20H13N Mol. wt: 267

1.3 Chemical and physical properties of the pure substance

(a) Description: Needles from ethanol

b) Melting-point: 158°C
(b g-p

(c) Absorption spectroscopy: The ultra-violet

absorption spectrum in dioxane is contained in
Perkampus et al. (1968). The infra-red absorption

spectrum is described in Pouchert (1970).

(d) Solubility and/or volatility: Soluble in common

organic solvents, insoluble in petroleum ether.

(e) Chemical reactivity: 7H-Dibenzo(c,g)carbazole

(7H-DB(c,g)C) reacts in general as a carbazole.
For a review of the reactivity of carbazoles, see
Sumpter & Miller (1954).

*
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2. Use and Occurrence

(a) Analytical methods

Methods for the separation and identification of
7H-DB(c,g)C in cigarette smoke condensate are reported by
Van Duuren (1962). Bender et al. (1964) describe several
thin-layer chromatographic systems used in the separation of
carbazoles and polynuclear carbazoles and also a modification
in the solvent medium leading to an improvement in the spectro-
metric, spectrofluorimetric and fluorescent spot test tech-
niques. An improvement in the isolation of 7H-DB(c,g)C from
tobacco smoke condensate is reported by Rothwell & Whitehead
(1969).

(b) Occurrence

Cigarette smoke: 7H-DB(c,g)C was found to be present

in cigarette tar in concentrations of 0.07 ug/100

cigarettes (Van Duuren et al., 1960).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: Groups of 10-30 mice (CBA or Strong A strain)

received twice-weekly oral doses of 0.25-4.0 mg
7H-DB(c,g)C (total dose 7-23 mg) as a 0.125-1% solution
in arachis oil. The first forestomach tumour appeared
at 17 weeks, and of 55 mice surviving 17-59 weeks of
treatment 64% had papillomas and 13% had squamous
carcinomas of the forestomach. Benign hepatomas
appeared in 19 animals (four Strong A and 15 CBA) and

malignant hepatomas in a further 19 animals (18 Strong A
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and one CBA). Pulmonary adenomas were seen in all
Strong A mice, but in none of the CBA mice. Tumour
incidences in controls are not reported (Armstrong &
Bonser, 1950).

(b) Skin application

Mouse: After application of a 0.1 or 0.3% solution
of 7H-CB(c,g)C in benzene twice-weekly to 60 mice, of
which 34 died early, four developed skin carcinomas
(the first at about 160 days) and four developed skin
papillomas, over 240 days; five out of 10 survivors
(182-321 days) developed hepatomas, whereas no hepatomas
developed in 35 controls (Boyland & Brues, 1937). The
same workers applied a 0.1% solution in benzene twice
weekly to 30 mice, four of which developed carcinomas
(the first at 175 days), over 321 days. Of five CBA
mice painted with a 0.5% solution in benzene twice
weekly, four developed squamous cell carcinomas of the

skin over several months (Strong et al., 1938).

Of 24 mice painted with 0.1-0.2% solutions in
acetone, 22 survived 150 days, and over 550 days of
observation five showed papillomas (the first at 105
days) and 12 showed carcinomas (the first at 150 days)
(Kirby & Peacock, 1946). After application of a 0.2%
solution in acetone thrice weekly to 12 mice, papillomas,
squamous carcinomas and one hepatoma developed after an

average latent period of 110 days (Kirby, 1948).

(¢) Inhalation and/or intratracheal administration

Hamster: Of 35 Syrian hamsters given 15 weekly
instillations of 3 mg 7H-DB(c,g)C suspended with an
equal amount of haematite dust in saline, 30 developed

42 tumours in the respiratory tract; these were mainly



squamous cell carcinomas and adenocarcinomas of the bron-
chial and tracheal epithelium. The first tumour
appeared at 15 weeks. Of 45 hamsters given 30 similar
weekly instillations of 0.5 mg, 40 developed 69 respira-
tory tumours, predominantly squamous cell carcinomas of
the trachea, bronchi and larynx, with the first tumour
appearing in the trachea at 30 weeks (Sellakumar &
Shubik, 1972). Comparable dosage with benzo(a)pyrene
(total dose 15 mg) produced a 30% incidence of respira-

tory tumours (Montesano et al., 1970).

(d) Subcutaneous and/or intramuscular administration

Mouse: Three groups of 18 male CBA, 24 male CBA
and 18 male A mice were given six weekly doses of 0.2 ml
of a 0.1% solution of 7H-DB(c,g)C in sesame o0il (total,
1.2 mg/mouse). In the first group, 14/16 animals
developed local sarcomas, two out of 16 lung tumours and
five out of 16 liver tumours. In the second and third
groups all mice developed local sarcomas, and three
animals in the second group developed liver tumours
(Strong et al., 1938). Twenty mice were given 0.2 mg
in sesame oil, and over 40 weeks 17 developed sarcomas
and eight showed lung tumours (Andervont & Shimkin, 1940).
Groups of strain A, C3H and C mice were given single
0.2 mg doses in lard, sesame oil or olive o0il, and
over 42 weeks of observation 17/93 C3H mice (lard),
72/133 A mice (sesame oil), 20/27 A mice (olive o0il),
5/19 C3H mice (lard), 22/41 C3H mice (sesame
0il) and 46/67 C3H mice (sesame o0il) showed sarcomas.
Hepatic changes, characterized by cyst formation and
bile-duct proliferation, were also seen. Lung tumours
arose only in strain A mice at an incidence of 55/78,
43/65 and 18/27 (Andervont & Edwards, 1941).
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0f 20 stock mice given two single injections of
7H-DB(c,g)C (0.2 and 0.4 mg) in arachis oil, 12 survived
100 days, and over 280 days of observation 12 developed
sarcomas (the first at 113 days, no metastases) and one
hepatoma (Kirby & Peacock, 1935). Of 10 CBA mice given
single injections of 0.3 mg in 0.25 ml tricaprylin plus
0.5 mg in 0.25 ml arachis oil, all eight mice surviving
110 days developed sarcomas, and two also developed
hepatomas (Kirby, 1943). Fifteen mice were given three
injections of 1 mg 7H-DB(c,g)C in arachis oil over a
one month interval; seven which survived 240-382 days
developed sarcomas, the first appearing at 219 days

(Lacassagne et al., 1955).

Rat: Of 10 rats given 2 ml twice weekly of a 0.05%
colloidal suspension of 7H-DB(c,g)C, all eight survivors

showed sarcomas over 196 days (Boyland & Brues, 1937).

(e) Intraperitoneal administration

Mouse: Of 65 mice given a single intraperitoneal
injection of 12.5 mg/kg bw of 7H-DB(c,g)C in olive oil,
28 survived 39 days, and one animal developed a sarcoma
over 200 days of observation; 1liver cholangiomas were

also seen (Boyland & Mawson, 1938).

(f) Other experimental systems

Intravenous injection: Groups of 10-12 mice were

given single doses of 0.25 mg 7H-DB(c,g)C in aqueous
suspension and were killed eight, 14 and 20 weeks later:
lung tumours developed in seven out of 10, nine out of
10 and 12/12, respectively, whilst lung tumour incidence
in controls was one out of 20, three out of 20 and four
out of 19 at the stated periods (Andervont & Shimkin,
1940).



Bladder implantation: Following implantation of

10-20 mg paraffin wax pellets containing 1-2 mg 7H-DB(c,g)C
in the bladder of mice, eight survived at least 14 weeks;
three developed papillomas or adenomas (the first appeared
at 14 weeks), two developed carcinomas (the first at 17
weeks) and two showed metaplasia (Bonser et al., 1952).
None of the 12 control mice given pellets containing only
paraffin wax and surviving 20-40 weeks developed tumours.
One dog was given 5 ml of a 0.25% solution in arachis oil
weekly for 12 months, and over three-and-a-half years it
developed multiple papillomas (approximately 40) and one
urinary cystic transitional-cell carcinoma (Bonser et al.,
1954).

3.2 Other relevant biological data

None were available to the Working Group.

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

7H-DB(c,g)C is carcinogenic in the mouse, rat, hamster
and possibly in the dog. It has both a local and systemic
carcinogenic effect. Following oral administration in the
mouse, forestomach tumours and hepatomas occurred; intra-
tracheal administration to hamsters produced tumours of the
respiratory tract. In comparison with benzo(a)pyrene,
7H-DB(c,g)C appears to be a stronger respiratory tract

carcinogen for the hamster.
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4.2 Human data

No case reports or epidemiological studies on the signi-
ficance of 7H-DB(c,g)C exposure to man are available. The
substance has been detected in cigarette tar. The possible
contribution of heterocyclic compounds from some environmental
sources to the overall carcinogenic risk to man is discussed

in the preamble.
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CUMULATIVE INDEX TO IARC MONOGRAPHS ON THE EVALUATION
OF CARCINOGENIC RISK OF CHEMICALS TO MAN

Numbers underlined indicate volume and numbers in italics

indicate page.

Aflatoxin Bl 1,745
Aflatoxin B2Z 1,145
Aflatoxin Gl 1,145
Aflatoxin G2 1,745
4-Aminobiphenyl 1,74
Arsenic 2,48
Arsenic pentoxide 2,48
Arsenic trioxide 2,48
Asbestos 2,17
Auramine 1,69
Benz(c)acridine 3,241
Benz(a)anthracene 3,45
Benzidine 1,80
Benzo(b)fluoranthene 3,69
Benzo(j)fluoranthene 3,82
Benzo(a)pyrene 3,91
Benzo(e)pyrene 5,137
Beryl 1,18
Beryllium 1,17
Beryllium oxide 1,17
Beryllium sulphate 1,18
Cadmium 2,74
Cadmium carbonate 2,74
Cadmium chloride 2,74
Cadmium oxide 2,74
Cadmium sulphate 2,74
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Cadmium sulphide ' 2,74

Calcium arsenate 2,48

Calcium arsenite 2,48

Calcium chromate 2,100
Carbon tetrachloride 1,53

Chloroform 1,61

Chromic oxide 2,100
Chromium 2,100
Chromium dioxide 2,101
Chromium trioxide 2,101
Chrysene 3,159
Cycasin 1,157
Dibenz(a,h)acridine 3,247
Dibenz(a,j)acridine 3,254
Dibenz(a,h)anthracene 3,178
7H—Dibenzo(c,g)cafbazole 3,260
Dibenzo(h,rst)pentaphene 3,197
Dibenzo(a,e)pyrene 3,201
Dibenzo(a,h)pyrene 3,207
Dibenzo(a,i)pyrene 3,215
Dibenzo(a,l)pyrene 3,224
Dihydrosafrole 1,770
3,3'-Dimethylbenzidine 1,87

Haematite 1,29

Indeno(1,2,3-cd)pyrene 3,229
Iron-dextran complex 2,161
ITton-dextrin complex 2,161
Iron oxide 1,29

Iron-sorbitol-citric acid complex 2,161
Isosafrole 1,769
Lead acetate 1,40

Lead arsenate 1,41
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Lead carbonate ' 1,41

Lead chromate 2,101
Lead phosphate : 1,42

Lead subacetate 1,40

Methylazoxymethanol acetate 1,764
N-methyl-N,4-dinitrosoaniline 1,141
Nickel 2,126
Nickel acetate 2,126
Nickel carbonate 2,126
Nickel carbonyl 2,126
Nickelocene 2,126
Nickel oxide 2,126
Nickel subsulphide 2,126
Nickel sulphate 2,127
N-/4-(5-nitro-2-furyl)-2-thiazolyl/ acetamide 1,181
N-nitrosodiethylamine , 1,107
N-nitrosodimethylamine 1,95

Nitrosoethylurea 1,135
Nitrosomethylurea 1,725
Potassium arsenate 2,48

Potassium arsenite 2,49

Potassium dichromate 2,101
Saccharated iron oxide 2,161
Safrole 1,769
Sodium arsenate 2,49

Sodium arsenite 2,49

Sodium dichromate 2,102
Sterigmatocystin 1,175
Tetraethyllead 2,150
Tetramethyllead 2,150
o-Tolidine 1,87
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