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LINDSTEDT G, SOLLENBERG J. Polycyclic aromatic hydrocarbons in the occupational
environment: A review with special reference to benzo[a]pyrene measurements in
Swedish industry. Scand j work environ health 8 (1982) 1-19. A review is given of
measurements of polycyclic aromatic hydrocarbons (PAH) in the work environment in
general with emphasis upon Swedish measurements of benzo[a]pyrene not previously
published in international literature. Finally, epidemiologic investigations on PAH­
exposed workers, as well as threshold limit values for PAH, are discussed.
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During recent decades, much attention has
been focused on polycyclic aromatic hy­
drocarbons (PAH) in the environment. The
main reason for this interest is the car­
cinogenic activity displayed by some P AH.
P AH are supposedly responsible in part for
a cancer frequency that is higher for
smokers than nonsmokers, higher for ur­
ban populations than rural populations,
and higher for some groups of workers
than for the general population (33). The
first chemical substance of known con­
stitution shown to be a carcinogen was a
PAH component, dibenzo [a, h] anthracene
(17). Coal tar was shown to be carcino­
genic to animals about 1915, and in 1933,
a pure carcinogen, benzo[a]pyrene (BaP),
was isolated from tar by Cook et al (16).
Since then, thousands of papers have been
published about the occurrence, formation,
biochemistry, and toxicology of P AH.
Several review articles on the P AH prob-

1 National Board of Occupational Safety and
Health, Solna, Sweden.

Reprint requests to: Prof G Lindstedt, Chem­
istry Department, National Board of Occu­
pational Safety and Health, S-171 84 Solna,
Sweden.

1

lem are available (27, 38).
P AH are formed by the incomplete com­

bustion or pyrolysis of organic material.
Such procedures always lead to a mixture
of a large number of products. Among the
PAH, compounds with three or four aro­
matic rings dominate. The carcinogens,
however, are to be found among the higher
PAH, mainly those with five or six rings.
One of these (BaP) has been the subject
of much more study than all the others.
It is the most frequent of the carcinogenic
PAH, and analytical methods for its deter­
mination have been available for a long
time.

PAH are widely distributed in the en­
vironment, the main sources being in­
dustrial acitivities such as coking and the
combustion of carbonaceous materials. In
cities, exhaust gases from combustion
engines contribute to the PAR pollution
of the air. Natural sources are forest fires
and volcanoes (10).

Since the 1950s the results of numerous
investigations on the occurrence of PAR
in the environment have been published.
The highest content of PAR is to be found
in occupational atmospheres. Even in in-
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dustrial areas, outdoor air contains two or
three magnitudes less P AH than some
workplaces, eg, coke works. Surprisingly
enough, rather few investigations of P AH
in work atmospheres were carried out be­
fore 1970 in comparison to the number of
investigations concerning outdoor air.
Since then, however, the number of in­
vestigations on P AH in occupational en­
vironments has steadily increased.

Many of the field investigations on P AH,
especially the earlier ones, have been
limited to BaP. In later years, more
sophisticated methods of analysis, es­
pecially glass capillary gas chromatogra­
phy, have made possible a simultaneous
determination of a large number of PAH
(50 or more) in air samples from work
atmospheres.

In Sweden BaP determinations in the
occupational environment were started in
the early 1960s by Gerhardsson. Thus far
many thousands of air samples have been
analyzed for BaP, but data about other
PAH are still lacking in Sweden. In Nor­
way, some very extensive P AH studies
have been published from aluminum
works (5), coke plants (6), iron works (7),
and other industries.

This review was written to give a
summary of the BaP determinations in
Swedish workplace atmospheres during a
15-a period, and to compare them with
similar investigations of BaP and P AH in
general in other countries.

In addition some epidemiologic investi­
gations of PAH-exposed workers have
been discussed, as well as different thresh­
old limit values for P AH exposure. A
more-detailed review has already been
published in Swedish (50).

Sources of polycyclic aromatic
hydrocarbons in the work
environment

The most important sources of P AH
emission in the work environment are coal
tar and pitch. In many industrial pro­
cesses these products are heated to high
temperatures, and the P AH are vaporized.
The lower P AH have a considerable vapor
pressure at ordinary temperatures and
essentially remain in the vaporized state.
The higher P AH, however, soon condense
to a solid state again. These P AH are
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often adsorbed on the surface of soot par­
ticles that are generated simultaneously.

Important industrial processes in which
coal tar is evaporated include coking or
gas production (essentially the same pro­
cess), roofing or tar-insulating work,
electrolysis with so-called Soderberg or
self-baking electrodes (for production of
aluminum or steel), the making of graphite
electrodes from pitch and other materials,
and the pouring of molten iron or steel
through runners or into molds covered
with tar-containing preparations.

In other processes P AH are generated on
the spot by pyrolysis, above all in com­
bustion engines. Work atmospheres with
air contaminated by motor-exhaust gases
generally have a much lower content of
P AH than those in which tar is evaporat­
ed.

Skin exposure to PAH, often in combi­
nation with air exposure, occurs in some
professions. Many oils contain P AH, es­
pecially the crude oils used as lubricants
many years ago. Modern, refined oils are
much poorer in PAH and thus less carcino­
genic. But sometimes PAH can accumulate
in oil during use. For example, up to
10 mg of BaP per kilogram of oil has been
found in used motor lubrication oil (81).
A great part of a person's body may be
exposed to oil if clothes become contami­
nated.

Sampling and analysis

For the sampling of higher PAH in the air,
different types of filters are generally
used. Glass fiber or silver membrane fil­
ters are preferred, since they are suited
for solvent extraction or vacuum sublima­
tion (58).

The lower PAH (three or four rings)
have a considerable vapor pressure at or­
dinary temperatures. For sampling these
substances, a wash bottle filled with a sol­
vent must be connected in series with the
filter. The losses of higher P AH, such as
BaP, on filters are rather small (15).

To liberate P AH from the dust collect­
ed on filters, solvent extraction is gener­
ally used. Long-time extraction in a Soxh­
let apparatus was preferred in earlier in­
vestigations, but later ultrasonic treatment
in cold solvents was found to be more
rapid and effective 1(14).



In place of extraction, vacuum sublima­
tion of the material collected on the filter
can be used at least for higher PAH such
as BaP. This method needs only minute
amounts of solvent to dissolve the subli­
mate, and therefore concentrating the
solution is unnecessary. It is quick, and
is a purification step in itself.

In many cases, the determination of
individual PAH is not needed or wanted.
Nonspecific methods of analysis, such as
weighing the benzene extract after evap­
oration to dryness in a vacuum, are used
for a general estimation of the overall
P AH exposure. Such a procedure is the
official method for determining coal tar
pitch volatiles (CTPV), upon which the
threshold limit value (TLV) for P AH
exposure is based in the United States
(20).

If individual PAH are to be determined
analytically, separation of the very com­
plex mixture in the extract is generally
carried out by chromatographic methods.
Nowadays, gas or high pressure liquid
chromatography (HPLC) are preferred. In
early works, paper or thin-layer chroma­
tography (TLC) was used. The latter
method is rather convenient if complete
separation is not required. Individual
P AH on TLC plates are generally quan­
titated with fluorimetry, either directly on
the plate or in solution after elution from
the plate. The most detailed and charac­
teristic fluorescence spectra of P AH are
obtained in alkane solutions at 77 K
(Shpol'skii effect) (23).

In the Swedish studies of BaP in differ­
ent work atmospheres, the methods of
sampling and analysis have changed dur­
ing the last 15-20 a. Initially, short-time
sampling on large filters, followed by ben­
zene extraction and separation by column
and paper chromatography, was used. BaP
was quantitated with fluorimetry in a
sulfuric acid solution according to Sawicki
et al (72). Directly after the extraction,
the benzene extract was evaporated and
weighed and thus provided a rough esti­
mate of the CTPV. Later collection on
small (37-mm) filters and separation by
thin-layer chromatography, as described
by Schaad (73), were introduced. Finally,
in 1975 vacuum sublimation of the dry
filter was substituted for extraction, and

the recovery of BaP was determined with
the isotope dilution technique (77).

Benzo[a]pyrene and polycyclic aromatic
hydrocarbons in different workplace
atmospheres

Gas and coke works

In gas and coke works large amounts of
PAH are released from the ovens in which
coal is pyrolyzed. The workers in the
vicinity of the ovens are highly exposed
to these PAH. Most investigations of P AH
in the work environment have been made
in gas and coke works. In most cases, only
BaP has been analyzed, but there are also
some investigations available on a number
of other P AH.

Generally, the mean BaP content in the
air above the ovens is below 10 flg/m3, as
found by Kreyberg (44), Lawther et al (47),
Tanimura (79), Petrova (61), and Jackson
et al (34), and as reported by the British
Coke Research Association (12). Masek (53)
reported higher BaP figures in four Czech­
oslovakian coke works, in some ca3es up
to 32 flg/m3, on the average, in the close
vicinity of the coke ovens. At pitch bat­
teries still higher BaP contents were
found, up to 40 flg/m3

•

In Sweden, BaP measurements were
made at a city gas works in 1964 and at
two coke works in 1976 and 1977 (50). At
the gas works, the mean of 134 1-h samples
was 4.3 pg/m3 (maximum 33) at the top of
the ovens and 0.15 !lg/m3 (344 samples)
25 m from the ovens. Oven top means
at the two coke works were 13.5 and
9.4 ,ug/m3• Three larry drivers were ex­
posed to levels of 17, 4.7, and 5.2 !.1g/m3.
All city gas works in Sweden are now
closed. Only the two coke works remain.

In a German coke works, Thielen (80)
found a high BaP content on and under
the larry. The median value of 28 samples
was 25 flg/m3 (range 8-78 jlg/m3). On the
roof of the ovens, the median of 10 sam­
ples was 23 pg/m3 (range 2-40 flg/m3). In
the vicinity of the coke battery, the BaP
concentration never exceeded 7 flg/m3• The
air above the flues and the tar precipitator
was extremely rich in BaP, up to concen­
trations of 500 flg/m3.

In 1978, Bjarseth et al (6) published a
very detailed investigation on P AH in a
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Norwegian coke plant. Stationary sam­
pling showed the BaP concentration on the
battery top to be 38 and 47 flg/m3 in two
series, respectively. The exposure of some
workers was also investigated by personal
air sampling. The highest values were
found for the larry driver (12-43 flg/m3),

the wharfman 1(21 flg/m3) , and the jamb
cleaner (20 flg/m3). Other categories such
as coke car operators, door cleaners, and
push car operators had a lower degree of
BaP exposure, in general below 5 flg/m3•

Complete analyses of the PAR compo­
nents were made in the Norwegian inves­
tigation by the aid of capillary gas
chromatography. Volatile components
were trapped with ethanol in a wash
bottle in series with the filter. The entire
PAR fraction was dominated by the most
volatile members, such as naphthalene
(40 %) and phenanthrene (about 20 %).
The main components of the particulate
fraction were fluoranthene, phenanthrene,
pyrene, and anthracene. On the battery
top, the sum of identified particulate PAR
components in the air was 1.0-1.7 mg/m3•

H this fraction is estimated to be 20 % of
the benzene solubles (7), it would corre­
spond to 5-9 mg of CTPV/m3, whereas the
TLV in the United States and other coun­
tries is 0.2 mg/m3 . In personal sampling,
the mean exposure of the worker operating
the larry was found to be 0.37 mg of
PAR/m3•

The particle size distribution was also
studied in the same investigation, and
99 % of the particles were ::::: 3 flm. Con­
sequently, almost the entire particulate
fraction in the coke works atmosphere is
respirable.

Jackson et al (34) determined the weight
of the cyclohexane-soluble part of the par­
ticulates in a coke works. On the top of
the ovens this fraction was 0.4-1.7 mg/m3•

At two sampling stations on the top of the
ovens, the respective BaP content of the
cyclohexane-soluble fraction was 0.78 and
0.63 %, on the average.

Fannick et al (22) measured CTPV
(CTPV = benzene solubles) in ten by­
product coking industries in Pennsylvania;
319 personal samples were taken from 11
different categories of workers. The
average was 2.08 mg/m3 . The most ex­
posed groups were lidmen {3.22 mg/m3),

tar chasers (3.14 mg/m3), and larry opera-
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tors (3.05 mg/m3). Individual peak values
of up to 18 mg/m3 were found. Only 7.8 %
of all the samples were below the TLV of
0.20 mg/ro3•

In the investigations of the aforemen­
tioned Swedish gas works, the benzene­
soluble fraction was evaporated to dryness
and weighed. The average was 0.69 mg/m3

(N = 134, maximum 7.6 mg/m3). The mean
content of BaP in this fraction was 0.62 %.
Thus, in two independent investigations,
the BaP content in the benzene or cyclo­
hexane extract was found to be between
0.5 and 1.0 %.

It is evident that some of the workers
in the gas and coke industry are exposed
to PAR at rather high levels, even in
modern installations. In industrialized
countries, this industry has been working
for more than 100 a, and a large number
of workers have been exposed for many
years. Epidemiologic investigations have
shown an elevated risk of lung cancer for
these workers. (See the section dealing
with this subject.)

Iron and steel works

In the iron and steel industry there are
operations other than coking which in­
volve PAR exposure. In Sweden a series
of BaP measurements has been made at
blast furnaces, electric steel furnaces, open
hearth furnaces, and some other places in
steel works. The results are summarized
in table 1.

In Japan, Tanimura (79) found BaP
levels of 1.1-1.6 p,g/m3 at a blast furnace,
0.43-0.58 flg/m3 at an electric steel fur­
nace, 0.3 p,g/m3 at an open hearth furnace,
and 0.2-0.3 Itg/m3 at a Bessemer con­
verter. Close to the ingot molds for pig
iron he found BaP concentrations of
0.7-0.8 flg/m3• The highest level,
4.2 Itg/m3 , was found at a rolling mill
plant in winter (1.0 in summer). Thus the
BaP levels found in Swedish and Japanese
iron and steel works seem to be of the
same magnitude.

Other PAR measurements have been
published from a Norwegian iron works
(7), where pig iron is produced in electric
furnaces. Total PAR exposure was found
to be 0.0017-0.093 mg/m3 for the person­
nel tapping the ovens. All other workers
were exposed to PAR levels that were



below 0.04 mg/ms. On the average, BaP
was 7 % of all the PAH components of the
particulate fraction. The composition of
the PAH fraction from these iron works
was rather similar to that from the Nor­
wegian coke works.

Masek & Neiser (54) analyzed dust which
had been collected close to a blast furnace.
On the average, they found BaP levels of
3.1 flg/g in the respirable fraction and
9.1 Ilg/g in the coarse fraction. If it is as­
sumed that the total dust content was be­
low the TLV (10 mg/m3), the BaP content
would have been well below 0.1 flg/m3•

Sometimes, however, the TLV for dust
was exceeded.

Rondia (69) studied the PAH exposure of
the workers spraying the inside of ingot
molds for steel with a tar-containing pro­
duct. In all, nine PAH components were
determined. Very high contents of BaP
(90-126 flg/m3) were found. To eliminate
the strong PAH exposure, Rondia recom­
mended substitution of the tar product by
mineral oil.

In all, some workers in iron and steel
works are exposed to PAH originating
from coal tar products in contact with
molten iron. Generally, however, the PAH
exposure in these industries seems to be
lower than in coke and gas works.

Aluminum works

Aluminum is manufactured in an electro­
lytic process in which a mixture of molten
cryolite and alumina is electrolyzed at a

temperature of about 970°C. There are two
types of anodes: the Soderberg anode and
tl;J.e graphite ("prebaked") anode. The
former type, which is the most commonly
used, is the main cause of PAH exposure
in aluminum works. The Soderberg elec­
trode consists of a mass containing coal­
tar pitch and coke. During electrolysis it
is graphitized I("baked") in its lower, hot­
ter part and finally consumed by electro­
lytic oxidation to carbon oxides. Fresh
electrode mass is added from above to
keep the electrode running continuously.
PAH components are liberated from the
pitch at the high temperature, and they
escape to the work area in spite of venti­
lation arrangements. The PAH exposure
in aluminum works has been studied by
several investigators. The results are
summarized in tables 2-4.

The analyses of benzene-soluble partic­
ulates in table 2 are to be compared with
the American TLV of 0.2 mg/m3 • It is
evident that this limit value is greatly ex­
ceeded for many workers in the aluminum
industry. More-detailed PAH analyses,
including the determination of PAH com­
ponents other than BaP, have been carried
out in some laboratories. Bj0rseth et al
(5) carefully identified and quantified
more than 30 PAH and heterocyclic com­
pounds by glass capillary gas chromato­
graphy. The major part of the PAH
fraction by weight was always the volatile
components (two to three rings), such as
naphthalene, biphenyl, fluorene, and
phenanthrene. The particulate fraction

Table 1. Benzo[a]pyrene in some Swedish iron and steel works (50).

Sampling site, year

Two blast furnaces, 1969

Two blast furnaces, 1976
Electric steel works, 1969

Five electric steel works, 1976-1977
Smelters a
Repairing of furnace walls a
Mold operators a

Open hearth furnace, 1977
Smelters a
Crane operators a
Mold operators a

a Personal air sampling.

Sampling time

rv9 min

1.5--4.2 h
rv 9 min

2.5--6 h
2-6 h
6-7h

6-7h
6-7h
6-7 h

Mean BaP (,ug/m 3
)

0.03--6.2
(means of 5 series, N = 224)
0.88-1.7
0.44-2.4
(means of 3 series, N = 222)

0.02-0.52
0.1-4.9
2.6

0.17
0.58
2.5
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seldom exceeded 10 Ofo of the whole
amount of PAH. In addition to BaP the
carcinogens benzo[b] and [k] fluoranthenes
(up to 123 J1g/m3) and benzo[c]phenan­
threne (up to 77 flg/m3) were found. In the
Soderberg potroom, BaP was 3.1-6.6 Ofo
of the total particulate P AH in the sta­
tionary samples and 4.2-9.6 Ofo of the to­
tal in the personal samples.

The figures of total PAH in table 3 were
obtained by adding the individual PAH
components determined by capillary gas
chromatography, except for the personal
samples from the prebaked anode plant,

which were analyzed by a liquid chroma­
tography method. The total PAH fraction
was estimated to be about 20 Ofo of the
benzene-soluble extract. The "PAR pro­
file" was also studied by Bj0rseth et a1
(5). The Soderberg plant was found to
have a PAH mixture more rich in high­
boiling components than that of the pre­
baked anode plant.

In a study of four American aluminum
plants (76), a number of PAH were deter­
mined in one plant. The strongly carcino­
genic benzo[b]fluoranthene was, in gener­
al, slightly superior to BaP by weight, and

Table 2. Benzene soluble particulates in aluminum plants.

Country, Type of Sampling Coal tar pitch volatiles Referenceyear electrodes method (mgfm 3
)

Sweden Lindstedt &
1968 Soderberg Stationary 0.42 Sollenberg (50)
1970 Soderberg Stati·onary 0.14

United States, Soderberg Personal Range for 11 categories of work- Schuler &
1974 (Vertical) ers: 0.5-12.0 Bierbaum (76)

Tappers 12.0
Head pin setters 7.5

Soderberg Personal Range for 13 categories of work-
(Horizontal) ers: 1.2-18.5

Flex raiser 18.5
Hijackers 17.0
Anode cranemen 17.5

Prebaked Personal Range of 3 categories of work-
ers: 0.2-0.5

Poland, Soderberg Stationary 0.49 0.65 Adamiak-Ziemba
1977 Personal Potmen 18 et al (1)

Table 3. Total polycyclic aromatic hydrocarbons (PAH) in an aluminum plant, as found by Bj0rseth
et al (5).

Mean PAH (ug/m 3
)Type of electrodes,

sampling site

Vertical Soderberg
Potroom

Tapper
Pin pullers

Prebaked
Potroom

Tapper
Coke pullers

Crust breaker

Sampling
method

Stationary

Personal
Personal

Stationary

Personal
Personal

Personal

Gaseous

972
(86.0-1,564)

56.8
(4.6-124)

Particulate

99.9
(19.7-202)
37.7
927
2,790

1.5
(1.3--1.7)
0.87
2.0
0.87
0.52



the less carcinogenic k isomer roughly
half of the b isomer.

Extraction of metals (other than iron,
steel and aluminum)

A few BaP analyses from Swedish metal
industries are available (50). At a copper
works, the mean BaP concentration of 14
samples taken in 1973-1974 was 7 fig/m3•

The origin of PAH must be tar prepara­
tions used to cover runners and ingot
molds, as was found in the iron and steel
works.

In an industry making alloys containing
chromium and molybdenum, most samples
had a low BaP content (< 0.1 Ilg/mS), ex­
cept in one place where tar-containing
plugs were made. In the latter the BaP
level was 2-4 fig/m3.

In the making of chromium-iron alloys,
Pokrovskaja & Shabynina (64) found BaP
levels to be 0.6-1.5 p.g/m3. In the electrode
manufacturing department, however, the
concentration was 35.1 llg/m3.

Foundries

The PAH exposure problems in foundries
are principally the same as in the iron and
steel industry, the main source being tar
or pitch preparations coming into contact
with molten metal. In 1969, the BaP level
was determined in a Swedish iron foundry
(50). Near the high-frequency furnaces,
the mean of BaP in the air was 0.93 ,ug/m3

(range 0.16-4.3). Eight 1-h periods were
covered by 9-min samples. During the
shaking-out, the mean was 2.1 Jig/m3

(range 0.15-11.4).
The Swedish Founders' Association has

published a few BaP measurements from
iron and steel foundries (78). Out of nine
samples from an iron foundry and 18
samples from a steel foundry, all but one
(0.12 Jig/m3) were < 0.06 fig/m3.

Slightly higher BaP figures were ob­
tained during the high-pressure die-cast­
ing of brass alloys. In the same investi­
gation, an experimental study of the effect
of casting in molds with, and without,
petroleum pitch was made. If molding

Table 4. Benzo[a]pyrene (/lg/m3) in aluminum plants.

Type of electrodes a

Country, year Self-baking
(Soderberg) Prebaked

Reference

Norway, 1978

Sweden, 1968-1978 St: 1.8-5.3
P: Pin setters 10-24

Flex raisers 23-51
Anode service 4--22
Cathode repair 2-17

St: 0.7-9.0
P: Tapper 3.4

Pin setters 53.7-116

United States, 1974 P: Pin setter 53.0
Pin craneman 28.6
Tapping cranerilan 3.1
7 other categories < 1

Soviet Union, 1966-1979 St: 13.7-22.1
P: Cranemen 11-73

3.6-19 (AC)
Potmen 18-29

9-10 (AC)
Pin setters 221-975

28-230 (AC)

SI: 0-0.05
Detectable only in 2 sam­
ples out of 6

P: Potmen 0.03-0.5
Craneman 0.1

St: 0.01--0.03
P: Cranemen 0.09-0.17

Potmen 0.08-0.20
Anodemen 0.02-0.20

Lindstedt &
Soilenberg (50)

Bj0rseth et al (5)

Shuler &
Bierbaum (76)

Filatova et al
(24), Konstan­
tinov (40),
Konstantinov &
Kyz'minykh (42)

Poland, 1977 St: 1.85-3.7
P: Potmen 36-38

Cranemen 13-800
Anode plant
workers 4-5

Adamiak-Ziemba
et al (1)

a St = stationary sampling, P = personal sampling, AC = anode chilled.
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sand without pitch was used, no BaP was
found in the smoke from the molding box.
Adding pitch to the sand resulted in the
release of BaP, the level of which in­
creased as the percentage of pitch in­
creased. Fresh molding sand containing
3.5 Ofo pitch gave smoke containing a BaP
concentration of 81 flg/m3 (length of
measurement = 45 min).

Gwin et al (31) studied the volatile com­
ponents generated from a molding sand
called green sand containing 6 Ofo bentonite
clay, 1 0/0 cereal binder, and 3 0/0 sea coal.
Several P AH components were identified
in the pyrolysis products in a laboratory
iron-casting experiment, but they were not
quantified.

A large number of P AH was identified
qualitatively, but not quantitatively, by
Schimberg et al (74) in the gases from iron
casting. Pitch was used as an additive to
the molding sand. The relations between
different P AH components were essential­
ly the same for different sampling sites.
Therefore the authors suggested that the
analysis of one or two P AH components
be used to estimate the whole P AH expo­
sure in foundries.

Zdrazil & Picha (86) studied the BaP
content in the air of two iron foundries.
In one foundry, BaP was 0.12 flg/m3 or less
for all work operations. In the other
foundry, the highest value found was
0.47 flg/m3 (during tumbling). Higher fig­
ures, up to 4.1 flg/m3, were measured dur­
ing pressure die-casting of aluminum al­
loys. In the tools, mineral lubricating oil
was heated to 590-660 °C under high pres­
sure, and P AH was formed by pyrolysis.
The same authors also found that a great
part of the BaP formed during the casting
process is absorbed by the molding sand.

Welding

During the welding of painted or plastic­
coated metal, the formation of PAH by
pyrolysis of the organic material might be
expected. In international literature, how­
ever, no studies of PAH generated by
welding seem to have been published.

In Sweden, an investigation of BaP ex­
posure has been carried out during the
welding of railroad rails directly on the
track (82). The PAH came from creosote­
impregnated wooden ties, which were un-
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avoidably heated during the welding. Of
the 189 filters used during personal samp­
ling (sampling time 4-7 h), 81 showed no
signs of BaP « 0.01 fLg/m3). Thirty-five
samples had more than 0.1 flg/m3, and four
had more than 0.5 lJ,g/m3• The highest
value found was 2.9 flg/m3• Thus this type
of welding may cause moderate PAH
exposure in rare cases.

Making of carbon electrodes

As has already been mentioned, prebaked
or graphite electrodes are used in alumi­
num reduction plants, in electric steel
furnaces, and in other metallurgical pro­
cesses. The raw material for these elec­
trodes is generally petroleum coke with tar
or pitch as a binder. The "baking" con­
'sists of heating this mixture in ovens to
temperatures above 1,000°C. If real graph­
ite electrodes are to be made, a second
heating step (up to about 2,700DC) must
follow. During the baking procedure,
large quantities of P AH are liberated from
the electrode mass. The second step, the
graphitization, involves rather little P AH
exposure, since the volatile components
are given off during the first heating.

BaP measurements were made in two
Swedish graphite electrode plants in 1974
-1976 (50). Close to the ovens, the me­
dian of 27 samples was about 5 flg/m3 in
one plant, but in the other BaP did not
exceed 1.3 flg/m3• Peak values were ob­
served in the pitch impregnation depart­
ment in both plants, 19-40 pg/m3 . In the
graphitization department, only 3 samples
out of 24 were above 0.1 flg/m3.

Two recent Russian publications, avail­
able to us only in abstracts, report BaP
values between 0.03 and 95 flg/m3 from
different graphite electrode plants (35, 41).
Griest et al (30) found only :::; 1.3 Iig
BaP/m3 in a graphite production oper­
ation.

Bjf21rseth et al .(5) investigated P AH ex­
posure in an anode plant for making pre­
baked electrodes. At five stationary sam­
pling sites, total gaseous P AH was be­
tween 10.5 and 262 Ilg/m3, and total
particulate PAH between 3.4 and 73.3
lig/m3 (more than 30 components were
analyzed). The particulate P AH exposure
of four workers was measured with per­
sonal sampling. A pitch bin worker had



the highest exposure, 374 flg of PAH/m3

and 27.9 flg of BaP/ms. The other three
workers investigated were exposed to PAR
levels of 10.6-36.8 flg/ms and BaP levels
of 0.80-2.97 flg/ms.

Shuler & Bierbaum, in the aforemen­
tioned NIOSR report (76), found high
values of the benzene-soluble fraction for
some workers in prebaked anode block
production. In one plant a batch car
operator was exposed to a level of 4.5
mg/ms (personal sampling), and in the
other anode block pullers and cleaners
were exposed to 5.3-1004 mg/ms. Several
other workers were exposed to concentra­
tions above the TLV for CTPV (0.2
mg/mS). Surprisingly high figures were
found by the same authors during the
production of Soderberg anode paste in
two other aluminum reduction plants. The
mean exposure of eight workers in one
plant was 4.1 mg/ms (range 1.0-9.5 mg/
m S).

Bj0rseth & Lunde (9) investigated PAR
exposure in a Norwegian Soderberg paste
plant. Two particulate samples had a
value of about 0.3 mg/ms each (calculated
by adding the individual components). The
phenanthrene-anthracene fraction ac­
counted for more than 50 % of all the
particulate PAR. The benzo[a] and [e]
pyrene value was 0.8 flg/ms (isomers not
separated). It is evident that higher PAR
are liberated to a much lower degree in
the production of Soderberg paste than in
the baking of electrodes.

Carbon black

Carbon black is the commercial name of
a carbonaceous material manufactured by
the partial combustion or pyrolysis of nat­
ural gas or petroleum. It consists mainly
of elemental carbon (90-99 0/0), but, de­
pending on the process of manufacture,
amounts of PAR are always to be found
in it. In industry carbon black is mainly
used as an additive to rubber, eg, in tires.
In the United States 1.3 million tons were
consumed by the rubber industry in 1969.
Qazi & Nau (65) identified 14 PAR com­
ponents in a carbon black sample. Anthan­
threne, coronene, and pyrene were the
most frequent 150, 95, and 45 mg/kg, re­
spectively). Four carcinogens were found,
among which was BaP (6.5 mg/kg). Lee

& Hites (48) identified more than 30 PAH
components, some of which were sulfur­
containing, in so-called furnace black.
Total PAR accounted for 0.1-0.2 % of the
samples.

Pikovskaya et al (63) found rather high
BaP contents in some Russian carbon
blacks, 60-200 mg/kg, along with benzo­
[e]pyrene (BeP), perylene, anthracene,
and phenanthrene.

There are very few investigations of
PAR in the literature from workplaces
where carbon black is manufactured or
handled. Gabor et al (26) analyzed some
airborne PAR components in a carbon
black production plant. No other reports
are available to contradict or confirm
their extremely high PAR concentrations,
such as 260-510 flg BaP/ms.

Nutt (59) investigated BaP in a tire
manufacturing plant. The 48-h mean from
49 sampling sites within the plant was 12.3
ng/ms (maximum 55 ng/mS). This very low
BaP figure could not be significantly dis­
tinguished from that of the outdoor air.
Thus, it could not be proved that carbon
black contributed to the BaP content in
the workplace atmosphere.

Asphalt

The asphalt used for paving streets and
roads mainly comes from the distillation
residue of petroleum crude oils. In some
cases, however, it is mixed with coal tar.
Since it is handled at elevated tempera­
tures, the smoke may be suspected to con­
tain PAR components. The petroleum
asphalt in itself is rather poor in higher
PAR. According to some analyses cited by
Zorn (88), bitumen asphalt has a BaP con­
tent of 4.7 mg/kg, compared to the 500
mg/kg in coal tar.

Adamiak-Ziemba & Kesy-Dabrowska (2)
investigated PAR in the air of asphalt pro­
duction plants. During the oxidation of
asphalt by air-blowing, benzene-soluble
particulates reached levels of up to 17
mg/ms when hot asphalt was poured. The
BaP concentration was never above 0.05
flg/ms, but, when asphalt was burned off
tubes, a BaP concentration of 0.7 flg/m3

was measured. BeP and perylene had a
little higher concentration than BaP. Some
other PAH were also identified.

von Lehmden et al (49) found high
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amounts of pyrene and anthracene in the
-exhaust gases from asphalt air-blowing
but were unable to detect any higher P AH.
In an asphalt hot-road mix plant (where a
mixture of 6 0J0 asphalt and 94 0J0 sand and
crushed stone is prepared) BaP and benzo­
[ghi]perylene were found in the effluent
gases from the mixer, but they could be
removed by water spraying.

During the asphalt paving of German
highways, Zorn (88) found very high BaP
exposure for some workers (50-350 Itg/m3)

when an asphalt-tar mixture was used. He
also pointed out that there is considerable
skin exposure from contaminated clothes.
In a Norwegian study (8) the P AH expo­
sure for asphalt-paving workers was 1.3­
27.2 pg/m3• If total PAH is estimated to
be 20 0J0 of the whole benzene-soluble
particulate fraction, these levels would
correspond to about 0.14 mg of benzene
solubles per cubic meter of air at the most.
The TLV is 0.2 mg/m3 in the United States
and many other countries.

Pipeline protective coating

Larson (46) studied exposure at eight
plants where metallic pipes were coated
by hot coal tar and wrapped with a special
paper to provide an anticorrosive coating.
Six different categories of workers were
distinguished, all of which had a CTPV
exposure in excess of the TLV {0.2 mg/m3).

The most exposed category, the coating
operators, had a mean exposure of 6.53
mg/m3, the highest individual exposure
being 23.7 mg/m3 • The mean CTPV expo­
sure for all personnel in the pipeline coat­
ing industry was found to be 1.89 mg/m3,

almost equal to that in the coke oven in­
dustry (22).

In a laboratory study of the emission
from the same tar mixture used in in­
dustry, and under identical conditions,
85 % of the aerosol was found to consist
of particles less than 10 pm in size. The
emission was totally dominated by the
lower P AH. BaP accounted for 0.46 0J0 of
the benzene solubles in the total particu­
lates and 0.57 0J0 of the fraction < 10 Itm.

Mines and tunnels

In Sweden, large series of BaP samples
have been taken in iron mines since the
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early 1960s. The main source of P AH in
mines is the exhaust gases from diesel
trucks and other vehicles. During the first
period, 1961-1969, 679 short-time (-v 10
min) samples were taken in seven different
investigations. Without any traffic near the
sampling sites, the mean BaP values per
sampling site never exceeded 0.011 Itg/m3•

When traffic was passing, means between
0.010 and 0.039 flg/m3 were observed. The
highest 10-min value was 0.55 flg/m3.

After 1970 the sampling technique was
changed. Samples were taken continuously
on the same sampling site for 8-32 h, the
filter being replaced after a few hours to
avoid clogging by dust. The results are
summarized in table 5.

On the average, the BaP exposure in
Swedish iron mines is a little above the
all-year mean exposure in crowded city
streets. Other air pollutants in the mines,
such as different dusts, nitrogen oxides,
and radon, must be more hazardous for
the workers' health.

In the 1960s, some BaP samples were
taken in tunnels and rock chambers under
construction. In five investigations, 164
short-time samples were taken. The BaP
means of each investigation were in the
interval 0.012-0.063 flg/m3• The highest
value for a 10-min sample was 0.11 Itg/m3•

Garages and automobile repair shops

In other places, the air is polluted mainly
by gasoline engines. In 1964-1970, some
BaP investigations were carried out in
Swedish automobile repair shops and in
garages (table 6).

In the two garages investigated, BaP
was on the same level as in the city streets.
In the car repair shops, the BaP figure
was a little elevated.

Electric discharge machining

Electric discharge machining is a process
in which an electric discharge takes place
between a graphite electrode and a piece
of metal, both immersed in mineral oil.
Locally, the temperature at the site of dis­
charge is very high, and the oil is pyro­
lyzed and gives rise to smoke containing
P AH components. Arvidson, Spjut & Sol­
lenberg (1977, unpublished) found varying



contents of BaP in smoke above the oil
bath. The highest 4.5-h sample had a BaP
concentration of 9.1 11g/m3; the corre­
sponding levels of the other samples were
much lower. The time-weighted average
(TWA) of four samples was 2.2 flg/m3. The
oil bath was well ventilated by a hood,
and personal samples from the operators
did not contain detectable amounts of
BaP. In the oil, however, BaP was en­
riched during use. Fresh oil had no de­
tectable BaP, but two samples taken after
20 and 26 weeks of use contained 136 and
149 flg/l, respectively. Thus it is important
for workers in electric discharge machin­
ing to avoid skin contact with the oil, air
exposure being eliminated by a good ven­
tilation hood.

Chimney sweeping

Chimney sweeping was the first profes­
sion with P AH exposure for which cases
of cancer were observed. This was done
already in 1775 by Sir Percival Pott, who
found a remarkable frequency of scrotum
cancer among chimney sweeps. Surprising­
ly, measurements of P AH exposure seem
to be lacking except for a recent paper by
Bagchi & Zimmerman {4). During cleaning
from the top of the chimney, they found
a CTPV value of 14.53 mg/m3 and a BaP

level of 40 flg/m3 in the breathing zone of
the chimney sweep. Cleaning from the
hearth was less exposed work (CTPV =
2.16 mg/m3). The authors recommended
spraying the chimney top with water dur­
ing the sweeping to reduce dust exposure.
They were also fully aware that chimney
sweeps have considerable skin exposure,
especially on the face, neck, and hands.

Miscellaneous

In some operations, tar is melted in an
open vessel and later spread over a large
area. Personnel in the vicinity of the hot
tar may be very heavily exposed to P AH.
A few investigations of BaP in the air
from such operations have been published.

Bonnet (11) studied a process in which
tar was melted and mixed with cork
powder to be spread out on walls as insu­
lation. Very high BaP figures (> 1 mg/m3)

were found, which surpass all other BaP
measurements ever made in an occupa­
tional environment, as far as we know.

Sawicki et al (71) observed BaP values
of up to 78 ,ug/m3 during the tarring of a
sidewalk and 14 pg/m3 during roof tarring.
These operations also involve the handling
of hot tar close to the worker.

High P AH concentrations were found
by Goldsmith et al (29) during a hot forg-

Table 5. Benzo[a)pyrene (BaP) analyses (time-weighted averages) from three Swedish iron mines
1975 (50).

Number of Number of Sampling BaP (,ug/m 3)

Mine sampling samples time/site
sites (h) Mean Range

A 25 180 12-33 0.009 0-0.058
B 25 104 8-32 0.008 0-0.032
C 5 32 25-29 0.005 0.003-0.006

Table 6. Benzo[a]pyrene (BaP) in Swedish automobile reoair shops and garages (50).

Number of Number of Sampling BaP (.ug/m 3)

Location sampling
sites samples time (h) Mean Maximum

Repair shop A 4 24 1 0.028 0.14
Repair shop B 4 24 1 0.044 0.088
Repair shop C 4 24 8 0.035 0.070
Industrial garage 5 60 4 0.004 0.024
Underground pUblic garage 3 60 2.5 0.011 0.029
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ing operation I(BaP: 1.6-2.9 flg/m3; CTPV:
1.3-6.0 mg/m3) and by Zdrazil & Picha
(85) during the turning of iron castings
having an anticorrosive layer of coal tar
(BaP up to 290 Jlg/m3). In the latter case,
the tar had to be substituted by asphalt,
which is poorer in higher PAH.

Review of benzo[a]pyrene exposure levels
for different workplace categories

To summarize the measurements from all
types of workplaces, it might be of interest
to range them according to the degree of
exposure. Since most investigations have
concerned BaP only, we prefer to base the
classification on BaP analyses. Other
analyses, eg, CTPV, would very likely lead
to the same hierarchy.

1. Very high BaP exposure (> 10 flglm3)

Gas and coke works (topside work)
Aluminum works (some jobs, eg, pin
setters, potmen, cranemen, etc)
Manufacturing of carbon electrodes
(pitch bin workers, etc)
Handling of molten tar or pitch (roof­
ing, paving, insulation coating, etc)
Chimney sweeping (from top)
Asphalting if asphalt is mixed with tar
(some jobs)

2. Fairly high BaP exposure (1-10 Jlglm3)

Gas and coke works in general (nontop­
side work)
Blast furnaces
Steel works (some jobs)
Manufacturing of carbon electrodes (in
general)
Aluminum works (in general)
Asphalting if asphalt is mixed with tar
{in general)

3. Moderate BaP exposure (0.1-1 flglm3)

Steel works (in general)
Foundries (some jobs)
Welding of rails on track
Manufacturing of Soderberg electrode
paste

4. Low BaP exposure (0.01-0.1 flglm3)

Automobile repair shops
Asphalt manufacturing (from petro­
leum)
Foundries (in general)
Construction of tunnels and rock cham­
bers
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Aluminum electrolysis halls with pre­
baked electrodes

5. Very low BaP exposure « 0.01 flglm3)

Iron mines
Garages

Epidemiologic studies of workers
exposed to polycyclic aromatic
hydrocarbons

Since it has been known for many years
that coal tar, as well as some isolated PAH
components, are carcinogens, many inves­
tigators have studied the cancer frequency
of workers known to be exposed to tar
vapors in rather high concentrations. The
largest and best studied category is the
workers of the gas and coke industries.

Eary investigations by Kuroda & Kawa­
hata in 1936 (45), Kennaway & Kennaway
in 1947 (37), Bruusgaard in 1959 (13), and
Kawai et al in 1967 (36) revealed a clear
tendency towards excess lung cancer death
for gas and coke workers in comparison to
the population in general. On the contrary,
Reid & Buck (67) did not find any signif­
icant excess frequency of cancer among
British coking plant workers.

Doll et al (21), in a series of investiga­
tions finally reported in 1972, studied the
mortality of British gas workers in the
period 1957-1965. The death rate from
lung cancer for workers dealing with coal
carbonization was about twice as high as
for the average population. (Only work­
ers employed for more than 5 a were
followed.) The corresponding excess fre­
quency of bladder cancer was about 2.5
times. The correlation between length of
employment and cancer frequency was not
investigated further. Two jobs, topman
and hydraulic main attendant, seemed to
be especially dangerous as regards cancer
risk. These types of workers are working
at places where the exposure to tar fumes
is rather heavy. Unfortunately, smoking
habits were only investigated for 10 °/0 of
the men studied, but they were not un­
usual and could not explain the excess
lung cancer rate.

In an extensive study of coke oven em­
ployees of some American steel works,
Lloyd (51) and Redmond et al (66) found a
significant correlation between coal tar



exposure and cancer frequency. The lung
cancer death rate was increased 2.5 times
for all coke oven workers, 5 times for
oven topside workers, and 10 times for
full-time topside workers with more than
5 a of employment. Cancer of the kidneys
was also increased, as well as colon and
pancreas cancer for nonoven workers.

Sakabe et al (70), in 1975, reported an in­
vestigation of 2,201 Japanese coke oven
workers retired between 1947 and 1973.
For the whole group, the excess of lung
cancer death was very small (1.28 times)
and statistically nonsignificant. When the
coke oven workers from the iron and steel
industry were studied separately, a signif­
icant excess of lung cancer death (2.37
times) was observed. Workers from city
gas companies had no excess lung cancer
at all. Most of the workers dying from
lung cancer were smokers, but information
was incomplete on this point. However,
the excess lung cancer death rate for coke
oven workers in the iron and steel in­
dustry coincided rather well with that
found in the British and American investi­
gations already cited.

Contrary to other investigators, Da­
vies (18) did not find any excess lung
cancer death rate for coke oven work­
ers in two steelworks in South Wales.
A total of 610 workers was studied over
the period 1954-1965. An explanation
may be that it was impossible to arrange
the material according to different de­
grees of tar exposure.

Mazumdar et al (55), in 1975, published
an epidemiologic study of cancer death
rate among coke oven workers in compar­
ison to their degree of exposure to coal
tar vapors. Their lifetime exposure was
estimated in the following way: The dif­
ferent jobs were divided into three classes
of decreasing exposure: topside jobs, side
oven 1 jobs, and side oven 2 jobs. The
average levels of CTPV for the different
classes, calculated from the data of Fan­
nick et al (22), were found to be 3.15 mg/m3

for topside jobs, 1.99 mg/m3 for side oven
1 jobs, and 0.88 mg/m3 for side oven 2
jobs. From the work history of each em­
ployee, the lifetime CTPV dose was cal­
culated and expressed as (mg/m3) X
months. White and nonwhite workers
were studied independently of each other.
Total death rate was not significantly cor-

related to the exposure for any of these
groups. For nonwhite workers, however,
a strong dose-response relationship was
found both for cancer in general and for
lung cancer. The group exposed below
200 (mg/m3) X months showed no excess
cancer death in comparison to the con­
trols. The authors therefore proposed that
this life dose of CTPV be the highest al­
lowed, which would lead to a TLV of
about 0.2 mg/ma if the average exposure
period is assumed to be 30 a. For white
coke oven workers, however, no significant
correlations between exposure and cancer
death rate could be found. Smoking
habits were not studied for either of the
two groups of workers.

Many authors have found an excess
rate of bladder cancer among tar-exposed
workers. Generally, the presence of
.B-naphthylamine in the tar is held respon­
sible for that type of cancer. This problem
has been discussed by Zorn (87), Manz (52),
and others.

Another category heavily exposed to
PAH is workers in aluminum reduction
plants. A few epidemiologic investigations
have been carried out on these workers.

Konstantinov & Kyz'minykh (42) inves­
tigated cancer frequency among electro­
lysis hall workers of an aluminum reduc­
tion plant with self-baking electrodes.
Total cancer mortality was 1.85 times
higher than expected. Cancer of the res­
piratory organs was 8.3 times higher than
expected in the youngest age group
« 40 a) and 1.6 times higher for workers
more than 40 a of age. The corresponding
figures for skin cancer were 39 times for
the youngest group and 10.5 times for all
workers. The number of workers investi­
gated and the number of cancer incidences
were not stated in the paper.

A large study of American aluminum
plant workers employed for at least 5 a
between 1946 and 1973 has been published
(3). For all potroom workers, a slight and
nonsignificant excess of lung cancer was
observed (1.2 times). For horizontal Soder­
berg electrode plants, however, this excess
was 1.62 times. A slight and nonsignificant
excess frequency of leukemia was also ob­
served.

In 1979, Gibbs & Horowitz (28) published
an epidemiologic study of lung cancer
mortality in two Canadian aluminum re-

13



duction plants. In that paper, an attempt
was made to relate lung cancer frequency
to length and intensity of tar exposure.
The different jobs were divided into three
categories: A (no tar exposure), B '(some
exposure, degree 25 %), and C (definitive
tar exposure, degree 100 %). With knowl­
edge of the occupational history of each
worker, the total tar vapor dose was es­
timated as "tar years" (years times degree
of exposure). Work in prebake electrolysis
halls was classified as A. For the group
with 21 or more "tar years" of exposure,
lung cancer was increased 2.9 times, and
for 11-20 "tar years," the increase was
1.7 times. No excess frequency of lung
cancer was found for workers with 1-10
"tar years" of exposure. If only years of
exposure were taken into account, the cor­
responding quotients were 2.4 for 21 or
more years of exposure and 1.4 for
11-20 a. Smoking habits were not in­
vestigated, but it seems unlikely that they
could explain the excess lung cancer ob­
served.

In 1979, Milham {56), as well as Kons­
tantinov (40), studied cancer frequency
among workers from aluminum reduction
plants with prebaked electrodes. The PAH
content in the electrolysis halls of such
plants is negligible, but a strong P AH ex­
posure may occur in the department where
the electrodes are manufactured. Both
these authors found a slight excess fre­
quency of cancer of different sites, espe­
cially respiratory cancer (1.7-1.9 times).
Milham studied the correlation between
length of employment and cancer fre­
quency and found a maximum for workers
employed 15-19 a.

Milham (personal communication, 1981)
has said that the number of workers in
the electrode manufacturing department
of his study was too small to account for
the excess cancer in the prebake plants.
Therefore the presence of carcinogens oth­
er than PAH is indicated for the alu­
minum industry. This important question
must be investigated further.

Only a few epidemiologic investigations
on other categories of PAH-exposed
workers have been published. Hammond
et al (32) investigated a group of workers
(5,939 individuals) who were mainly en­
gaged in applying hot pitch or asphalt to
roofs or in waterproofing basements. All of
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them had been members of the correspond­
ing union for at least 9 a. The mortality
within this group in 1960-1971 was stud­
ied, and the cancer deaths were correlated
to the length of employment of each in­
dividual. The cancer death rate was nor­
mal for those employed less than 20 a, but
1.45 times higher than expected for
workers with 20 or more years of employ­
ment. Cancer of different sites showed an
increase in all cases (lung cancer 1.59
times, skin cancer 4 times, etc). The lung
cancer death rate was further studied, and
for those employed for more than 40 a, it
was 2.47 times higher than expected. Some
pilot experiments showed that the average
daily inhaled dose of BaP was 16.7 ltg.
For some operations the level reached
50 pg.

Pierre et al (62) found malignant skin
tumors on the face of 20 % of the workers
daily exposed to coal pitch in a briquette
factory. Out of 10 skin tumor cases, 5
appeared after 1-10 a of exposure. These
five workers had a more intense exposure
at work than the others. A truck driver
developed a skin tumor after 43 a of expo­
sure.

An investigation of the mortality of
Finnish foundry workers has been pub­
lished (43). Out of 224 deaths in 1950­
1973, 21 were due to lung cancer, against
the 12 expected. The highest excess fre­
quency was observed for molders and
coremakers exposed for more than 5 a and
working in iron foundries. As already
stated, pitch and other additives to the
molding sand may yield P AH on pyrolysis.
A detailed review on lung cancer in fer­
rous foundry workers has recently been
published by Palmer & Scott (60).

Robertson & Ingalls (68) studied mor­
tality among carbon black workers (34,739
person-years between 1935 and 1974).
Within this cohort, 29 deaths from malig­
nant neoplasms were observed against 41
expected. No excess death rate could be
found even when the workers were di­
vided into groups according to years of
employment.

In the 1910s and 1920s, scrotum cancer
cases were found among mule spinners of
the cotton industry, who came in contact
with mineral oils used as lubricants. Later,
scrotum and skin cancers were observed
among workers exposed to cutting oils.



[For a review of this subject see Water­
house (84) or Kipling & Waldron (39).]
These cancer cases may have been caused
by PAR components of the oils, although
it has not yet been proved. Modern sol­
vent-refined oils are much less carcino­
genic than older preparations.

Wahlberg (83) studied 34 cases of scrotal
cancer (16 fatal) in Swedish hospitals.
Seven of the cases had been exposed to oil
for several years as automatic lathe oper­
ators, and six had had some hand contact
with motor oils. The rest of the patients
were apparently not occupationally ex­
posed.

Decoufle .(19), in a study of 5,189 metal­
machining workers exposed to oil mists,
was unable to find any excess respiratory
cancer in the period 1938-1967. A slight
excess of digestive cancer 1(1.76 times) was
observed only for those exposed 10-14 a.

Thus, some categories of PAR-exposed
workers definitely have a higher risk of
cancer than nonexposed persons of the
same age. Most of the epidemiologic in­
vestigations cited may be criticized for no
or insufficient knowledge of the smoking
habits of the subjects studied. A marked
difference in smoking habits between the
subjects and the reference groups does not
seem likely in most cases. Future epide­
miologists ought, however, to place more
stress upon exploring the smoking history
of their subjects.

Threshold limit values for polycycll.c
aromatic hydrocarbons

The long latency between first exposure
and symptoms and many other factors
make the establishment of TLVs for car­
cinogens in the work atmosphere an ex­
tremely difficult task. TLVs for PAH were
practically nonexistent until 1967, when
the American Conference of Governmental
Industrial Hygienists (ACGIH) adopted a
TLV of 0.2 mg/m3 for CTPV, which was
defined as the benzene-soluble fraction of
the particulates collected on a filter. This
TLV has remained unchanged on the
ACGIH list thus far. Some years later,
the same TLV was introduced on the of­
ficial list of the US Occupational Safety
and Health Administration (OSHA). In
1976, however, OSHA issued the standard

"Exposure to Coke Oven Emissions" (20),
in which a lowering of the TLV to
0.15 mg/m3 was recommended. That level
of benzene solubles was regarded to be the
lowest possible to maintain at coke ovens
at the present stage of technology. This
lowering of the TLV has not, so far, been
legally accepted in the United States, and
the latest edition of the OSHA TLV list
still has 0.2 mg/m3.

The US National Institute for Occupa­
tional Safety and Health, in a criteria
document (57), proposed to substitute ben­
zene with cyclohexane for the extraction,
since the latter solvent is far less toxic. It
was proposed to put the TLV at 0.10 mg
of cyclohexane-soluble per cubic meter of
air because this was the lowest concentra­
tion which could be determined with
reasonable accuracy by the method pro­
posed. This TLV still remains a proposal.

In the 1970s, the Soviet Union issued a
TLV for BaP (0.15 pg/m3). The documen­
tation of this value has been published by
Shabad (75). It is based upon laboratory
experiments with animals.

In Sweden, a TLV of 10 Ilg/m3 was in­
troduced for BaP in 1978. It has been
lowered to 5 p,g/m3 in 1982. The choice of
BaP as the P AH indicator in Sweden
mainly depends on the great number of
BaP measurements made in this country
during a 15 a period, very few other data
about P AH being available. Most other
countries have adopted the American TLV
for CTPV.

In the oldest Swedish investigations,
both benzene solubles and BaP were deter­
mined. The average content of BaP in the
benzene fraction was 0.71 Ofo in gas works
and 1.3 % in aluminum electrolysis halls.
If BaP is assumed to be 1.5 Ofo of CTPV
at the most, the American TLV for CTPV
of 0.2 mg/m3 would correspond to a BaP
concentration of 3 flg/m3.

Thus there are two different 'systems in
use for TLVs of air pollutants containing
PAH components. The CTPV method mea­
sures a fraction of mainly unknown com­
position. Only about 20 Ofo of it consists
of identified PAH, as found by Bjerseth et
al (7) with the aid of gas chromatographic
analysis. This method has been adopted
because it is rather simple and gives a
general view of the total exposure to tar
vapors. It is not applicable to atmospheres
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polluted by other sources of PAR, eg,
motor exhaust gases. The determination of
BaP gives information about one well-de­
fined, strongly carcinogenic PAR com­
ponent. Of course, knowledge of BaP alone
is not sufficient for estimating the cancer
risk of a given environment. There are
always many other carcinogens present,
and the influence of other substances and
external factors on carcinogenesis is large­
ly unknown. A third alternative, com­
plete PAR analysis by gas or liquid
chromatography, gives superior informa­
tion on the chemical environment, but at
the present state of knowledge the cancer
risk cannot be much better estimated from
this information than from the BaP or
CTPV values alone. For further research,
of course, a more-detailed chemical anal­
ysis of the air pollutants must be the base
of a better understanding of carcino­
genesis. Therefore, this work must be con­
tinued, but for routine control a complete
analysis is out of the question.

The practical purpose of exposure mea­
surements is to protect the workers and to
study the effect of elimination arrange­
ments. From that aspect, it is not very
important which method of controlling
PAR exposure is chosen. The "ranking
list" of the different jobs presented ear­
lier would very likely have been the same
if CTPV or some other criterion had
been used instead of BaP. A still simpler
method, enabling small laboratories to
control PAR exposure, would be of great
value. Such methods have been proposed,
eg, the thin layer chromatography method
described by Fjeldstad & Ralgard (25). It
gives the sum of PAR in a rather short
time with cheap equipment. In the future,
exposure control would be greatly aided
if a TLV could be based upon such a
simplified analytical method.

References

1. Adamiak-Ziemba J, Ciosek A, Gromiec J.
The evaluation of exposure to harmful
substances emitted in the process of the
production of aluminum using selfbaking
anodes [in Polish]. Med pr 28 (1977)
481-489.

2. Adamiak-Ziemba J, Kesy-Dabrowska 1.
Pollution of air with soluble in benzene
substances and polycyclic aromatic hydro­
carbons at asphalt production [in Polish].
Med pr 23 (1972) 617-625.

16

3. Aluminum Association, Inc. Mortality of
aluminum workers: Final report. New
York, NY 1977.

4. Bagchi NJ, Zimmerman RE. An industrial
hygiene evaluation of chimney sweeping.
Am ind hyg assoc j 41 (1980) 297-299.

5. Bj0rseth A, Bj0rseth 0, Fjeldstad PE. Poly­
cyclic aromatic hydrocarbons in the work
atmosphere: I Determination in an alumi­
num reduction plant. Scand j work environ
health 4 (1978) 212-223.

6. Bj0rseth A, Bj0rseth 0, Fjeldstad PE.
Polycyclic aromatic hydrocarbons in the
work atmosphere: II Determination in a
coke plant. Scand j work environ health 4
(1978) 224-236.

7. Bj0rseth A, Bj0rseth 0, Fjeldstad PE.
Polycyclic aromatic hydrocarbons in work
atmosphere: Technical hygienic report no
3 PAH at Norsk Jerverk A/S [in Nor­
wegian]. Institute of Occupational Hygiene,
Oslo 1978.

8. Bj0rseth A, Bj0rseth 0, Fjeldstad PE.
Polycyclic aromatic hydrocarbons in work
atmosphere: Technical hygienic report no
4 PAH exposure at production and paving
of asphalt and oil gravel [in Norwegian].
Institute of Occupational Hygiene, Oslo
1978.

9. Bj0rseth A, Lunde G. Analysis of the
polycyclic aromatic hydrocarbon content of
airborne particulate pollutants in a Soder­
berg paste plant. Am ind hyg assoc j 38
(1977) 224-228.

10. Blumer M. Polycyclic aromatic compounds
in nature. Sci am 234 (1976) 35-45.

11. Bonnet J. Quantitative analysis of benzo­
(a)pyrene in vapors coming from melted
tar. In: US Department of Health, Education
and Welfare, Public Health Service. Ana­
lysis of carcinogenic air pollutants. Bethes­
da, MD 1962, pp 221-223. (National Can­
cer Institute monograph no 9).

12. British Coke Research Association. The
determination of polynuclear aromatic
hydrocarbons in airborne particulate mat­
ter. Coke res rep 76 (1973) 1-12.

13. Bruusgaard A. Occurrence of some types
of cancer among gas station workers [in
Norwegian]. Tidskr nor laegeforen 79 (1959)
755-766.

14. Chatot G, Gastegnaro M, Roche JL, Fon­
tanges R. Etude comparee des ultra-sons
et du Soxhlet dans l'extraction des hydro­
carbures polycycliques atmospheriques.
Anal chim acta 53 (1971) 259-265.

15. Commins BT, Lawther PJ. Volatility of
3,4-benzpyrene in relation to the collection
of smoke samples. Br j cancer 12 (1958)
351-354.

16. Cook JW, Hewett CL, Hieger 1. The iso­
lation of a cancer-producing hydrocarbon
from coal tar. J chern soc (1933) 395-405.

17. Cook JW, Hieger I, Kennaway EL, Mayne­
ord WV. The production of cancer by pure
hydrocarbons: Part 1. Proc r soc london
ser B 3 (1932) 455-484.

18. Davies GM. A mortality study of coke oven
workers in two South Wales integrated



steelworks. Br j ind med 34 (1977) 291­
297.

HI. Decoufle P. Cancer mortality among work­
ers exposed to cutting oil mist. Paper pre­
sented at the Conference on Occupational
Carcinogenesis, March 24-27, 1975, New
York, NY.

20. Department of Labor, Occupational Safety
and Health Administration. Exposure to
coke oven emissions: Occupational safety
and health standards. Fed regist 41 (1976)
46742--46790.

21. Doll R, Vessey MP, Beasley RWR, Buck­
ley AR, Fear EC, Fisher REW, Gammon
EJ, Gunn W, Hughes GO, Lee K, Norman­
Smith B. Mortality of gasworkers - Final
rt:port of a prospective study. Br j ind med
29 (1972) 394--406.

22. Fannick N, Gonshor LT, Shockley J Jr.
Exposure to coal tar pitch volatiles at coke
ovens. Am ind hyg assoc j 33 (1972) 461­
468.

23. Farooq R, Kirkbright GF. Detection and
determination of polynuclear aromatic
hydrocarbons by luminiscence spectro­
metry utilising the Shpol'skii effect at
77 K: Part III Luminiscence excitation
spectra. Analyst 101 (1977) 566-573.

24. Filatova AS, Kyz'minykh AI, Vedernikova
FD, Solomennikova NS. Method for deter­
mining 3,4 benzpyrene discharged in subli­
mation of anodes of electrolysis shops of
aluminium plants [in Russian]. Gig sanit
31 (1966): 6, 55-58.

25. Fjeldstad PE, Halgard K. A simple thin
layer chromatographic method for routine
analysis of polycyclic aromatic hydrocar­
bons [in Norwegian]. Institute of Occu­
pational Hygiene, Oslo 1976. (Method
report HD 696/761122).

26. Gabor S, Raucher C, Stefanescu A, Ossian
A, Cornea G. Occupational hazards in the
carbon black industry. Chern abstr 71
(1970) 63844.

27. Gelboin HV, TS'O POP, ed. Polycyclic
hydrocarbons and cancer: Volume 1 En­
vironment, chemistry, and metabolism.
Academic Press, New York, NY 1978.

28. Gibbs GW, Horowitz I. Lung cancer mor­
tality in aluminium reduction plant work­
ers. J occup med 21 (1979) 347-353.

29. Goldsmith AH, Vorpahl KW, French, KA,
Jordan PT, Jurinski NB. Health hazards
from oil, soot and metals at a hot forging
operation. Am ind hyg assoc j 37 (1976)
217-226.

30. Griest WH, Kubota H, Eatherley WP.
Occupational exposure to fugitive emis­
sions from a graphite production operation.
Chern abstr 88 (1978) 109877.

31. Gwin CH, Scott WD, James RH. A preli­
minary investigation of the organic chemi­
cal emissions from green sand pyrolysis.
Am ind hyg assoc 37 (1976) 685-689.

32. Hammond EC, Selikoff IJ, Lawther PL,
Seidman H. Inhalation of benzpyrene and
cancer in man. Ann ny acad sci 271 (1976)
116-124.

33. Hoffman D, Wynder EL. Environmental
respiratory carcinogenesis. In: Searle CE,

2

ed. Chemical carcinogenesis. American
Chemical Society, Washington, DC 1976,
pp 324-365. (ACS monograph 173).

34. Jackson JO, Warner PO, Mooney TF Jr.
Profiles of benzo(a)pyrene and coal tar
pitch volatiles at and in the immediate
vicinity of a coke oven battery. Am ind
hyg assoc j 35 (1974) 276-281.

35. Kapitul'skij VB, Filatova AS, Anoshina
GM. Hygienic character of the working
conditions in the pitch-coke department of
the Nizhniy Togil metallurgical combine
using a new method for the preparation
of pitch for coking. Chern abstr 91 (1979)
6183.

36. Kawai M, Amamoto H, Harada K. Epide­
miologic study of occupational lung cancer.
Arch environ health 14 (1967) 859-864.

37. Kennaway EL, Kennaway NM. A further
study of the incidence of cancer of the
lung and larynx. Br j cancer 1 (1947)
260-298.

38. Kipling MD. Soots, tars, and oils as causes
of occupational cancer. In: Searle CE, ed.
Chemical carcinogenesis. American Chemi­
cal Society, Washington, DC 1976, pp 315­
323. (ACS Monograph 173).

39. Kipling MD, Waldron HA. Polycyclic aro­
matic hydrocarbons in mineral oil, tar and
pitch, excluding petroleum pitch. Prev
med 5 (1976) 262-278.

40. Konstantinov VG. Possible methods of
eliminating oncologic risks in the aluminum
industry [in Russian]. Gig tr prof zabol 23
(1979): 12, 5-8.

41. Konstantinov VG, Alikin PF, Ustyuzhanina
ZV, Bessonova AP, Gorina US. Resinous
substances and BaP in the air environment
of some industrial buildings of the Dniepr
electrode plant. Chern abstr 91 (1979) 43906.

42. Konstantinov VG, Kyz'minykh AI. Resi­
nous substances and 3,4-benzpyrene in the
air of electrolysis shops of aluminium
plants and their role in carcinogenesis [in
Russian]. Gig sanit 36 (1971): 3, 39--42.

43. Koskela R-S, Hernberg S, Karava R, Jar­
vinen E, Nurminen M. A mortality study
of foundry workers. Scand j work environ
health 2 (1976): suppl 1, 73-89.

44. Kreyberg L. 3,4-Benzpyrene in industrial
air pollution: Some reflexions. Br j cancer
13 (1959) 618-622.

45. Kuroda S, Kawahata K. Dber die gewer­
bliche Entstehung des Lungenkrebses bei
Generatorgasarbeitern. Z Krebsforsch 45
(1936) 36-39.

46. Larson BA. Occupational exposure to coal
tar pitch volatiles at pipeline protective
coating operations. Am ind hyg assoc j 39
(1978) 250-255.

47. Lawther PE, Commins BT, Waller RE. A
study of the concentrations of polycyclic
aromatic hydrocarbons in gas works retort
houses. Br j ind med 22 (1965) 13-20.

48. Lee ML, Hites RA. Characterization of
sulfur-containing polycyclic aromatic com­
pounds in carbon blacks. Anal chern 48
(1976) 1890-1893.

49. Lehmden DJ von, Hangebrauck RP, Meek­
er JE. Polynuclear hydrocarbon emissions

17



from selected industrial processes. Jail'
pollut control assoc 15 (1965) 306-312.

50. Lindstedt G, Sollenberg J. Polycyclic aro­
matic hydrocarbons in occupational en­
vironment [in Swedish]. Arbetarskydds­
verket, Stockholm 1980. (Arbete och h1ilsa
1980: 1).

51. Lloyd WJ. Long-term mortality study of
steelworkers: V Respiratory cancer in coke
plant workers. J occup med 13 (1971) 53­
68.

52. Manz A. Harnwegskarzinome bei Beschaf­
tigten del' Gasindustrie. Muench Med
Wochenschr 118 (1976) 65-68.

53. Masek V. Benzo(a)pyrene in the workplace
atmosphere of coal and pitch coking plants.
J occup med 13 (1971) 193-198.

54. Masek V, Neiser J. Zur Charakteristik del'
Flugst1iube aus Arbeitsst1itten eines Hoch­
ofenbetriebes: Teil 1. Physikalisch che­
mische Eigenschaften. Zentralbl Arbeits­
med Arbeitssch Prophyl 27 (1977) 245­
250.

55. Mazumdar S, Redmond C, Solleeito W,
Sussman N. An epidemiological study of
exposures to coal tar pitch volatiles among
coke oven workers. Jail' pollut control
assoc 25 (1975) 382-389.

56. Milham S Jr. Mortality in aluminium re­
duction plant workers. J occup med 21
(1979) 475-480.

57. National Institute for Occupational Safety
and Health. NIOSH criteria for a recom­
mended standard: Occupational exposure
to coal tar products. US Department of
Health, Education and Welfare, Cincinnati,
OH 1977.

58. National Institute for Occupational Safety
and Health. NIOSH manual of analytical
methods (Second edition). Volume 1.
Method 183. US Department of Health,
Education, and Welfare, Cincinnati, OH
1977.

59. Nutt A. Measurements of some potentially
hazardous materials in the atmosphere of
rubber factories. Environ health perspect
17 (1976) 117-123.

60. Palmer WG, Scott WD. Lung cancer in
ferrous foundry workers: A review. Am
ind hyg assoc j 42 (1981) 329-340.

61. Petrova NV. 3,4-Benzpyrene pollution of
the atmosphere in shops of the Krivoy­
Rog by-product coke plant [in Russian].
Gig tr prof zabol 13 (1969): 10, 45-46.

62. Pierre F, Robillard J, Mouchel A. Tumeurs
cutanees chez les ouvriers exposes au brai
de houille. Arch mal prof med trav secur
soc 26 (1965) 475-481.

63. Pikovskaya LYa, Balenko NV, Kireeva IS.
Carcinogenic properties of petroleum car­
bon blacks. Chem abstr 80 (1974) 56300.

64. Pokrovskaja LV, Shabynina NK. Carcino­
geneous hazards in the production of
chromium ferroalloys [in Russian]. Gig tr
prof zabol 17 (1973): 10, 23-26.

65. Qazi AH, Nau CA. Identification of poly­
cyclic aromatic hydrocarbons in semi-rein­
forcing furnace carbon black. Am ind hyg
assoc j 36 (1975) 187-192.

66. Redmond CK, Strobino BR, Cypess RH.

18

Cancer experience among coke by-product
workers. Ann ny acad sci 271 (1976) 102­
115.

67. Reid DD, Buck C. Cancer in coking plant
workers. Br j ind med 13 (1956) 265-269.

68. Robertson J, Ingalls TH. A mortality study
of carbon black workers in the United
States from 1935 to 1974. Arch environ
health 35 (1980) 181-186.

69. Rondia D. La solution reelle d'un probleme
d'hygiene dans un acierie. Arch mal prof
med trav secur soc 25 (1964) 403-406.

70. Sakabe H, Tsuchiya K, Takekura N, No­
mura S, Koshi S, Takemoto K, Matsushita
H, Matsuo Y. Lung cancer among coke
oven workers. Ind health 13 (1975) 57-68.

71. Sawicki E, Fox FT, Elbert W, Hauser TR,
Meeker J. Polynuclear aromatic hydrocar­
bon composition of air polluted by coal­
tar pitch fumes. Am ind hyg assoc j 23
(1962) 482-486.

72. Sawicki E, Hauser TR, Stanley TW. Ultra­
violet, visible and fluorescence spectral
analysis of polynuclear hydrocarbons. Int
j air pollution 2 (1960) 253-272.

73. Schaad RE. Thin-layer-chromatographic
separation of some polynuclear hydrocar­
bons. Microchem j 15 (1970) 208-210.

74. Schimberg RM, Pf1iffli P, Tossavainen A.
Profilanalyse von polycyclischen aroma­
tischen Kohlenwasserstoffen in Eisengies­
sereien. Staub Reinhalt Luft 38 (1978) 273­
276.

75. Shabad LM. On the so-called MAC (Maxi­
mum Allowable Concentrations) for carci­
nogenic hydrocarbons. Neoplasma 22
(1975) 459-468.

76. Shuler PJ, Bierbaum PJ. Environmental
surveys of aluminum reduction plants.
US Department of Health Education and
Welfare, Cincinnati, OH 1974. (HEW publi­
cation no (NIOSH) 74-101 (1974)).

77. Sollenberg J. A method for determining
benzo(a)pyrene in air samples collected on
glass fiber filters in occupational areas.
Scand j work environ health 2 (1976) 185­
189.

78. Svenska gjuteriforeningen. A survey of
benzo(a)pyrene in foundries [in Swedish].
IVF-resultat 780609. (1978).

79. Tanimura H. Benzo(a)pyrene in an iron
and steel works. Arch environ health 17
(1968) 172-177.

80. Thielen RG. Benzo(a)pyren-Konzentratio­
nen bei Arbeiten auf Koksbatterien. Jah­
resber Dtsch Ges Arbeitsmed (1979) 267­
274.

81. Thony C, Thony J, Lafontaine M, Limasset
JC. Concentrations en hydrocarbures poly­
cycliques aromatiques cancerogenes de
quelques huiles minerales. Arch mal prof
med trav secur soc 36 (1975) 37-52.

82. Ulfvarson U, Hallne U, Bergstrom B, Hall­
berg B-O, Lantz S. Welding problems con­
nected with work environment: 6 Metal
arc welding in railway tracks [in Swedish].
Arbetarskyddsverket, Stockholm 1978.
(Arbete och h1ilsa 1978: 14).

83. Wahlberg J. Occupational and non-occu­
pational scrotal cancer in Sweden, 1958-



70. Acta derm venereol 54 (1974) 471-474.
84. Waterhouse, JAH. Cutting oils and cancer.

Ann occup hyg 14 (1971) 161-170.
85. Zdrazil J, Picha F. 3,4-benzopyrene in the

atmosphere at manufacture of grey iron
fittings [in Czech]. Prac lek 15 (1963) 384­
387.

86. Zdrazil J, Picha F. Carcinogenic hydro­
carbons, especially 3,4-benzpyrene, in the
atmosphere of foundries. Chern abstr 66
(1967) 108032.

Received for publication: 24 February 1981

87. Zorn H. Karzinom der ableitenden Harn­
wege bei Teer-, Asphalt- und Bitumenar­
beitern. Zentralbl Arbeitsmed Arbeitssch
Prophyl 16 (1966) 366-371.

88. Zorn H. Berufliche und Umweltgefii.hrdi­
gung durch polyzyklische aromatische
Kohlenwasserstoffe ·(PAH) in Erdol- und
Kohlendestillaten bei ihrer technologischen
Anwendung in der Industrie und im
Strassenbau. Arbeitsmed Sozialmed Prii.­
ventivrned 13 (1978) 6-9.

19


