
Introduction

Bitumens comprise a range of products, derived from

crude oil by refinery processes, which are essentially

mixtures of hydrocarbon-type molecules and are ther-

moplastic in nature. Frequently, they are mixed with

suitable volatile solvents such as a petroleum distillate

to obtain more fluid for ease of handling. Bitumen mixes

may contain different types of bitumen and bitumen de-

rivatives, and they are classified according to appropri-

ate tests that relate to the requirements of the intended

application.

Bitumens are used mainly in road and airfield paving,

roofing, flooring and the corrosion protection of metals.

Road paving is an extensive industry involving nearly

15,000 workers in Poland. More than 80% of bitumens

are used in the many different forms of road construction

and maintenance.

Epidemiological studies of occupational exposure to bi-

tumens have indicated an increased cancer risk in road

paving workers and roofers [1-4]. These studies have limi-

tations, and the conclusions on the specific causes of the ob-

served excess cancer risk of the lung, oral cavity, larynx, oe-

sophagus, stomach, skin and bladder and for leukaemia are

not explicitly verified. The excess cancer risk cannot be at-

tributed specifically to bitumen, because the workers may

be exposed not only to bitumen but also to coal-tar pitches

and other materials. Also, the relation between bitumen ex-

posure and cancer was not determined [1, 2]. The American

Conference of Governmental Industrial Hygienists

(ACGIH) has established a threshold limit value – time-

weighted average (TLV-TWA) for asphalt (bitumen) fume

– 0.5 mg/m
3
, as a benzene-soluble aerosol with a notation

A4, which means that bitumen fumes are not classifiable as
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a human carcinogen [3]. Instead, the International Agency

for Research on Cancer (IARC) [4] also has not classified

bitumen as a human carcinogen (group 3), but extracts of

steam-refined is classified as possibly carcinogenic for hu-

mans (Group 2B). This category is used for agents, mixtures

and exposure circumstances for which there is limited evi-

dence of carcinogenicity in humans and less than sufficient

evidence of carcinogenicity in experimental animals. Al-

though irritation effects of bitumens have been reported[5-

7], a few studies have indicated a consistent association be-

tween exposure to bitumen fumes and lung function [8, 9].

Bibliography data indicate that during processes of bi-

tumens under high temperature range from 140°C to

200°C are emitted multicomponent mixtures of toxic sub-

stances into workplace air. As bitumens consist essentially

of hydrocarbons and their derivatives, the emitted mixtures

contain organic compounds, among others – small quanti-

ties of polycyclic aromatic hydrocarbons (PAHs). The type

and the quality of the substances in emitted mixtures is de-

pendent of the crude oils from which bitumes were manu-

factured and especially on the temperature of liquefaction

processes. In field studies under similar conditions, higher

material temperatures have been found to lead to higher

volatile compounds, fumes and particulate matter concen-

trations in the working environment.

Bitumen workers are exposed mainly through the in-

halation of toxic substance fumes and vapours, and also

through the skin. In the case of polycyclic aromatic hy-

drocarbons, skin penetration is an important route of

entry into the body, especially in the handling of coal tar

products. The significance of the dermal route is still un-

clear among bitumen workers [10].

Respiratory occupational exposure to bitumens has

been studied by determining the following agents: total

particulates, bitumen fumes as cyclohexane- or benzene-

soluble matter, volatile organic compounds and PAHs, in

gas-phase and particle form [10-14].

The concentrations of total particular matter ranged

from 0.1 to 18.7 mg/m
3

and the solvent fraction – from

0.1 to 16.6 mg/m
3 
[11, 12]. Brandt et al. [13] have identi-

fied in the paving workers’ breathing zone fourteen poly-

cyclic aromatic hydrocarbons: phenanthrene, anthracene,

dibenzo [a, h] anthracene, fluoranthrene, pyrene, chry-

sene, benz [a] anthracene, perylene, benzo [a] pyrene,

benzo [g, h, i] perylene, anthanthrene, dibenzopyrene,

coronene. PAH
S

represented a small fraction of the ben-

zene – soluble matter in selected air samples. The amount

of these compounds in the breathing zone would appear

to be directly associated with the amount of solvent frac-

tion. Time-weighted average concentration of total PAHs

over 8 h ranged from 0.004 to 2.971 μg/m
3
.

As indicated, Finnish research [10] of bitumen worker

exposure to total particulates showed low results, below –

0.1 mg/m
3
. Only at the breathing zone of manual mastic

pavers did the average concentration of total particulates

exceed 1 mg/m
3
. Approximately 75% of the total particu-

late results were below the TLV-TWA value of bitumen

fumes (0.5 mg/m
3
). The highest bitumen fume concentra-

tions were also determined during manual mastic paving

(2.65 mg/m
3
). HPLC analysis showed that the arithmetic

mean concentrations of total PAHs and PAHs of greater

than four aromatic rings were 5.03 and 0.11 μg/m
3
, respec-

tively. The determining PAH concentrations during road

paving were lower in comparison to other industries [4].

Biomonitoring of the metabolite of pyrene, 1-hydrox-

ypyrene in urine has usually been used to determine

workers’ exposure to PAHs, also in pavers and roofers

handling bitumens. Numerous studies have confirmed

that 1-hydroxypyrene (1-OHP) is a good exposure indi-

cator in occupational exposure to all PAHs [14,15]. How-

ever, a recent study of occupational exposure during road

paving in Finland [10] has indicated that a reliable assess-

ment of individual pavers exposed to PAHs only on the

basis of urinary metabolite of pyrene is precluded. The

results of this investigation have not indicated a signifi-

cant difference between the postshift and preshift con-

centrations of 1-OHP in the road pavers’ urine, in spite

of the high correlation of pyrene concentrations on work-

place air with urinary 1-OHP, which may suggest other

PAH sources besides bitumen, like food and smoking

habits or delayed adsorption of pyrene through the skin.

Assessment of occupational exposure to fifteen PAHs

frequently appearing in industrial fields is very difficult

because there are no limit values available for all individ-

ual PAH concentrations in workplace air, also in biologi-

cal material, like blood, urine etc.

Of industries associated with PAHs, it is only in Pol-

ish regulations that a Maximum Admissible Concentra-

tion (MAC) has been established for a mixture of nine

gas-phase and particle PAHs: benzo [a] pyrene, benzo [a]

anthracene, anthracene, dibenzo [a, h,] antracene, benzo

[b] fluoranthene, benzo [k] fluoranthene, indeno [1,2,3-c,

d] pyrene, chrysene, benzo [g, h, i] perylene. This MAC

value of 2 μg/m
3 
refers to the sum of the concentration of

particular PAHs multiplied by their relative carcinogenic

factors (Table 1) proposed by Niebst and LaGoy [16].

Occupational risk connected with the appearance of

a carcinogenic agent, also PAHs in workplace air, even if

the exposure is lower than MAC value, is always as-

sessed as high. That is why identification and determina-

tion of PAHs in bitumens fumes and assessment of work-

ers’ exposure to these suspected carcinogens to humans

were the aim of an experimental investigation.

The objective of this study was to assess occupation-

al exposure to PAHs during road paving and roofing

paper, asphalt-rubber blend and lute production, taking

in consideration nine of them, for which a Polish MAC

value has been established.

Materials and Methods

Instrumentation

Gynkotek GINA 50 HPLC system, equipped with flu-

orescence detector and autosampler; a laboratory shaker;
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ultrasonic bath, solid phase extraction-apparatus – Supel-

co; personal SKC and TWO-MET AP-2 pumps.

Chemicals

Dichlormethane, toluene, acetonitrile for HPLC (pro-

duced by Riedel de Haën); polycyclic aromatic hydrocar-

bons, and ORBO-43 tubes (Supelco), glass fibre filters

of pore diameter 0.8 μm (Whatman).

PAH
s
Measurement

Separation of polycyclic aromatic hydrocarbons and

the adequate sensitivity of determination were ensured

by the column: Supelcosil
TM

LC-PAH column with gradi-

ent mobile phase acetonitrile: water (50: 50/5 min/100:

0/20 min/50: 50/2 min), flow rate 2 ml/min, and fluores-

cence detector programmed excitation (246-300 nm) and

emission (370-500 nm).

For PAH sampling, glass fibre filters and ORBO-43

tubes with the flow rate below 100 L/h were used. Prior

to sampling, the filters were prewashed ultrasonically in

toluene and conditioned in a desiccator for about 24 h at

ambient temperature and constant humidity. After sam-

pling the filters were transported in the dark and stored

at -20°C. The filters and solid sorbent from ORBO-43

tubes were extracted ultrasonically with dichloromethane

(5 mL) for 20 minutes. The extract was then evaporated

to dryness in nitrogen atmosphere. Purification of PAHs

was achieved by using the solid phase extraction method

of Supelco-SPE Instrument.

The method was developed and validated with accor-

dance to general requirements for the performance of

procedures for the measurement of chemical agents con-

centrations in workplace air, including in PN–EN 482

[18]. The overall precision was in the range 5.0-7.5%, in-

stead overall uncertainty: 11.1-16.0%. The detection lim-

its and others validating data of the methods for the se-

lect measuring PAHs are presented in Table 2.

Description of Plant Activity

Assessment of occupational exposure to toxic sub-

stances emitted in thermal plasticization processes of bi-

tumen was carried out in three kinds of plants – roofing

paper production, asphalt-rubber blend and lute produc-

tion and road paving. The selection of processes was
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Table 1. Toxicological properties of the determinated PAHs and their carcinogenic factors.

Abbrevation: *) PAHs for which Polish MAC value are established; nc -Not classified as hazardous agents; Carc. cat. 2 – classi-

fied as carcinogenic agent categorie 2 (possible human carcinogen); Muta. cat. 2 – classified as mutagenic agent categorie 2 (pos-

sible mutagenic to human); Xn – harmful; N – dangerous for the environment; R22 – Harmful if swallowed. R40 – Limited evi-

dence of carcinogenic effects. R43 – May cause sensitisation by skin contact. R45 – May cause cancer. R46 – May cause hered-

itery genetic damage. R68 – Possible risk of irreversible effects. R61 – May cause harm to fetus. R50/53 – Very toxic to aquatic

organisms.



made by taking into account different the materials and

processes involved.

Roofing Paper Production

Determination of fifteen PAHs in workplace air for

27 workers employed during processes of roofing paper

production was performed. Roofing paper is produced

in the impregnation process of the cardboard by proof-

ing asphalt PS 40 heated to about 185°C. At the next

step of production, both sides of impregnated cardboard

are protected by asphalt – PS 75 at the same tempera-

ture.

Air samples were taken in the breathing zone of as-

phalt pump operators, proofing tank operators, plating

tank operators, pasting machine operators, coiler opera-

tors, workers transporting the product, and five other op-

erators.

Asphalt – Rubber Blend and Lute Production

Asphalt D 175, latex and unicor 53 are the main com-

ponents used in the production of two kinds of isolation

materials: asphalt-rubber blend and lute. They are heated

to 80°C and mixed with bentonite, p-cumenephenol and

dioctyl adipate during blend manufacturing, and – in the

case of lute – with bentonite, sylimic and talc. Final prod-

ucts are loaded into plastic containers by hands. Personal

air samples in the breathing zone of workers producing

these products were taken.

Road Paving

The air was sampled during road surface coating with

asphalt. Asphalt D 50 is mixed with grinding aggregate

at about 130-180°C in a paving plant. After that process

the hot blend was transported to the roadside and was

overloaded to tar spraying tanker by which the asphalt

layer was applied to the road surface. Behind the tanker,

the roller hardens and smoothes the asphalt layers.

Assessment of exposure to chemical compounds, es-

pecially to PAHs, was carried out on 11 workers of

paving teams: tar spraying tanker operators, roller drivers

and pavers.

Results and Discussion

Forty-one full-shift personal samples were collected.

The range of concentrations of individual PAHs and de-

scriptive statistic are presented in Table 3.

For occupational exposure assessment to PAHs dur-

ing road paving, roofing paper, asphalt-rubber blend and

lute production exposure factors were calculated. Only

seven PAHs – benzo [a] pyrene, dibenzo [a, h] antracene,

benzo [b] fluoranthene, benzo [k] fluoranthene, chrysene,

benzo [g, h, i] perylene, and anthracene – were taken into

account in the calculated exposure factors, because none

of the samples contained benzo [a] anthracene and inde-

no [1,2,3-c, d] pyrene.

Exposure factors (C) in μg/m
3 
for determining PAHs

were calculated according to:

where:

x
1
…x

9
– time weighted average concentrations of particu-

lar PAHs, μg/m
3

w
1
…w

9
– carcinogenic factors for PAHs listed in

Table 1.

The calculated exposure factors for determining

PAHs are introduced in Table 4.

C x w x w x w x w

x w x w x w

= × + × + × + × +
+ × + × + ×

( ) ( ) ( ) ( )

( ) ( ) ( )

1 1 2 2 3 3 4 4

5 5 6 6 7 7
++ × + ×( ) ( )x w x w

8 8 9 9

812 Poœniak M.

Table 2. Validating data of PAH methods.



The investigations indicated that every one of forty-

one participants of our experiments were exposed to

polycyclic aromatic hydrocarbons, but in the above 50%

workplaces only a few (three to seven) from 15 deter-

mined PAHs were found. Only acenaphthene, fluorene

and naphthalene, which are not classified as human car-

cinogenic agents, existed in all investigated air samples.

Benzo [a] pyrene was detected in the air of the 25

workplaces. The highest exposure factor for this com-

pound was 0.05 μg/m
3

and it was 40 times lower than

the Polish MAC value established for this compound:

2 μg/m
3
. Dibenzo [a, h] anthracene, the most carcino-

genic of the 15 PAHs determined, was present in the

breathing zone of 16 workers. The time-averaged
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Table 4. Exposure factors of PAHs.

Table 3. Average concentrations of individual PAHs (μg/m
3
) in the workers’ breathing zone.

* below limit detection of the method; ** PAHs for which MAC values exist; n. d. not detected



weighed concentration in one case was on level 

4 μg/m
3
.

As shown in Table 3, there is a wide variability in de-

termined concentration of individual PAHs. Brandt et al.

[13] also reported high individual variability in PAH ex-

posure level of paving, roofing and mastic laying work-

ers, but their results related to the other 14 compounds

with five and six rings. The authors have not determined

five potential carcinogenic compounds: benzo [b] fluo-

ranthene and benzo [k] fluoranthene.

The average concentrations of total PAHs in the

breathing zone of workers during mastic production,

roofing papers and road paving ranged from 1.17

μg/m
3

to 7.12 μg/m
3
, similar to other reported studies

[10,13]. In bitumen fumes emitted in investigated

processes, volatile PAHs were present primarily in the

gaseous phase: acenaphthene, fluorene and naphtha-

lene constituted the main part of all determined PAHs,

about 72-85%.

Thirty-seven workers were exposed to benzo [a]

pyrene, dibenzo [a, h] antracene, benzo [b] fluoranthene,

benzo [k] fluoranthene, chrysene, benzo [g, h, i] pery-

lene, and anthracene, for which MAC values exist. The

highest quantity of PAHs, taken into account in occupa-

tional exposure assessment, in all determined PAHs

(nearly 18%) occured in the workplace air in roofing

paper production, the lowest quantity (1%) during road

paving, in spite of average total PAH concentrations three

times higher than in roofing paper plants.

The calculated exposure factors as the sum of the con-

centration of particular PAHs multiplied by their relative

carcinogenic factors ranged from 0.0001-20.88 μg/m
3
.

Significantly, the highest exposure factors of PAHs were

determined in workplace air in the roofing paper plant.

Time averaged concentrations exceed 1.5 to 20 times the

Polish MAC value for PAHs at the five workplaces: at the

three bitumens pump operators, planting tank operator

and transporting operator (Table 4). The concentrations

of benzo [a] pyrene in these workers’ breathing zones

were at low levels, in the range 0.01-0.05 μg/m
3

(0.005-

0.025 MAC value for benzo [a] pyrene).

The concentration of benzo [a] pyrene in workplace

air is a basis for assessment of exposure to bitumen fumes

in Polish industry and also in other industrial technolo-

gies, where polycyclic aromatic hydrocarbons are occur.

A recent study [19] has concluded that benzo [a] pyrene

concentration can be used to simplify the quantification

of personal exposure to a mixture of PAHs, but there may

be some industrial processes with high proportion of the

gaseous phase PAHs in which this concept could be less

appropriate. The results of this study indicated that mea-

surement of benzo [a] pyrene only for assessment of

worker exposure to PAHs is not a good indicator of oc-

cupational exposure to carcinogenic agents in bitumen

product production.

The results of occupational exposure to PAHs among

workers handling bituminous fumes in Polish enterprises

carried out in this study indicated that these compounds

can be dangerous for worker health, especially those em-

ployed in roofing paper production plants.
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