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Respiratory Symptoms

and Lung Functional
Impairments Associated
with Occupational Exposure
to Asphalt Fumes

M Neghab', F Zare Derisi?, J Hassanzadehs3

Abstract

Background: Controversy exists as to the potential of asphalt fumes to induce respiratory
symptoms and lung functional impairments.

Objective: To examine the respiratory effects, if any, of occupational inhalation exposure to
asphalt fumes.

Methods: In this cross-sectional study, 74 asphalt workers and 110 unexposed employees
were investigated. The prevalence of respiratory symptoms among subjects was investigated
by a standard questionnaire. Additionally, the parameters of pulmonary function were mea-
sured both, prior to exposure and at the end of work-shift. Furthermore, to assess the extent
to which workers were exposed to asphalt fumes, total particulate and the benzene-soluble
fraction were measured in different worksites.

Results: The mean levels of exposure to total particulate and benzene-soluble fraction in
asphalt fumes were estimated to be 0.9 (SD 0.2) and 0.3 (SD 0.1) mg/m?3, respectively. Mean
values of FEV,, both prior to the exposure (89.58% [SD 18.69%] predicted value) and at

the end of shift (85.38% [SD 19.4%]), were significantly (p<0.05) smaller than those of the
comparison subjects (93.88% [SD 13.93%]). Similarly, pre-shift (87.05 [SD 8.57]) and post-
exposure (89.95 [SD 6.85]) FEV,/FVC ratio were both significantly (p<0.01) lower than those
of the unexposed employees (107.56 [SD 9.64]). Moreover, the prevalence of respiratory
symptoms such as cough and wheezing in exposed employees were 41% and 42%, respec-
tively. The corresponding values for comparison subjects were 10.0% and 3.6%, respectively
(p<0.001). The pattern of changes in parameters of lung function in asphalt workers was
consistent with that of chronic obstructive lung disease.

Conclusion: Significant decrements in the parameters of pulmonary function as well as, a
significant increase in the prevalence of respiratory symptoms in asphalt paving workers com-
pared to their unexposed counterparts provided evidence in favor of a significant association
between exposure to asphalt fumes and lung function impairments.
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Respiratory Disorders of Asphalt Workers

Introduction

sphalt is produced by heating and
Azlrying gravel and mixing it with
%—5% of hot bitumen. Bitumen is
the residue of the distillation of selected
petroleum crude oils. Fillers and fibers are
also added to modify the properties of the
asphalt, and small amounts of aliphatic
amines are used to improve the binding
between the bitumen and the stone mate-
rials.!

Asphalt workers are exposed to a wide
variety of modulators and modifiers added
to the asphalt, such as antioxidants, anti-
corrosive agents, fillers, fibers, oxidants,
plastics, rubber, waste materials and other
volatile products that are released from
the asphalt.>3

A major risk associated with exposure
to asphalt is being exposed to polycyclic
aromatic hydrocarbons and alkyl deriva-
tives, which are byproducts of petroleum
processing or combustion. These are high-
ly carcinogenic at relatively low concentra-
tions.+*® Additionally, asphalt workers are
exposed to emissions from the exhaust of
passing vehicles.+”° Respiratory effects of
exposure to asphalt fume have been evalu-
ated in a few studies.> However, conclusive
results have not been obtained yet.

For instance, many researchers have
shown a significant reduction in some pa-
rameters of pulmonary function as well as
upper respiratory tractirritation and short-
ness of breath in asphalt workers.5810-13

TAKE-HOME MESSAGE

Exposure to sub-TLV levels of asphalt fumes is associated
with lung functional impairments in asphalt workers.

Pulmonary function parameters decline in asphalt workers.

Exposure to sub-TLV levels of asphalt fumes increases the
prevalence of respiratory symptoms
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Some studies showed that exposure to
asphalt fumes is associated with the in-
cidence of respiratory symptoms.+1%415
Moreover, bronchitis and emphysema
have been reported in asphalt workers.'%'7
On the other hand, some studies have not
found a consistent relationship between
exposure to asphalt fumes and decline in
the parameters of lung function or increase
in the prevalence of respiratory symptoms
in asphalt workers.*® Similarly, Butler, et
al,” in a study on asphalt workers did not
find an increased risk for obstructive pul-
monary diseases.

The issue of asphalt fumes-induced re-
spiratory disorders is subject to debate and
controversy and requires further investi-
gation.’ The respiratory effects of asphalt
fumes have so far been studied in a few
countries such as USA,*2¢  Germany,’
and Norway."** However, for differences
in the chemical structure and composition
of asphalt concrete mixtures, the concen-
tration of asphalt fumes to which workers
were exposed, air temperature, mechani-
cal rather than manual processing of as-
phalt, good occupational health practices
in these countries and many other differ-
ences, the results of these studies are not
necessarily comparable with those of other
studies. To the best of our knowledge, no
study has been conducted on this issue in
Iran. We therefore, conducted this study to
examine the possible respiratory effects of
exposure to asphalt fumes in asphalt work-
ers.

Materials and Methods

This cross-sectional study was carried out
to evaluate the respiratory effects of occu-
pational exposure to asphalt fumes in pav-
ing workers of Shiraz, southern Iran. The
sample size was calculated based on the
expected prevalence of respiratory illness
of 5% in unexposed employees, and 20%
in asphalt workers, a study power of 80%,
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and an a of 0.05.4

A total of 74 asphalt paving workers
(exposed group) and 110 unexposed em-
ployees from governmental departments
were randomly selected and served as the
comparison group.

The study was conducted in accordance
with the Helsinki Declaration of 1964 as
revised in 2007.2° Both the exposed and
unexposed participants were volunteers.
No subject refused to participate in the
study. All participants signed an informed
consent form before commencement of
the study. The protocol of the study was
approved by Shiraz University of Medical
Sciences Ethics Committee.

None of the exposed subjects had past
medical or family history of respiratory
illnesses or any other chest operations or
injuries. Similarly, none of the subjects in
the comparison group had been exposed to
asphalt fumes or other chemicals known to
cause respiratory symptoms or pulmonary
diseases during the course of their employ-
ment or prior to it. Only two exposed em-
ployees did not meet the criteria to enter
the study and were excluded due to pre-
existing medical conditions and chest op-
eration.

Measurement of the Study Variables

Respiratory illness

Subjects were interviewed by one of the
authors (FZD). A respiratory symptom
questionnaire, as suggested by the Ameri-
can Thoracic Society,?* with a few modifi-
cations, was administrated to the partici-
pants.? This standardized questionnaire
included questions regarding respiratory
symptoms (presence or absence of regular
dry and/or productive cough, wheezing,
shortness of breath, etc), nasal and eye
symptoms and smoking habits, as well as
occupational, medical and family history
of each subject. Symptoms of chronic re-
spiratory disorders included cough with
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sputum at any time during the day or night
for at least three months of the year and
for at least two consecutive years. Infor-
mation extracted from the questionnaires
were then used to determine the preva-
lence of symptoms among the exposed and
unexposed groups.

Pulmonary function tests

Pulmonary function tests (PFTs) were per-
formed using a portable calibrated Vitalo-
graph spirometer (Model ST-150, manu-
factured by a joint Japanese-Philippinian
company, Fukuda Sangyo Co, Ltd) on-
site. The parameters of pulmonary func-
tion were measured twice for the exposed
group (pre-shift after a 72-hour exposure-
free period and post-shift) and once for
the comparison group according to the
protocol the details of which are described
elsewhere.?324 The measured parameters
included mean percentage predicted vital
capacity (VC), forced vital capacity (FVC),
forced expiratory volume during the first
second (FEV)), and peak expiratory flow
(PEF).

Measurement of atmospheric concentra-
tions of asphalt fumes

To assess the extent of subjects' exposure
to airborne contaminants, atmospheric
concentrations of total particulate (TP)
and benzene-soluble fraction (BSF) were
measured in different work areas ac-
cording to the NIOSH analytical method
5042.%5 Samples were collected by a per-
sonal air sampling pump (Scientific Kit
Corporation) equipped with a poly-tetra-
fluoro-ethylene (PTFE) membrane filter
(2-um pore size) in a 37-mm cassette filter
holder. The samples were re-weighed af-
ter sampling; the concentration of TP was
calculated based on the weight difference,
and the total air volume sampled. After de-
termination of TP, each filter was extract-
ed with benzene for the determination of
BSF, which is the gravimetric amount of
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Table 1: Demographic characteristics of the studied groups. Values are mean (SD), median [IQR], or n (%).

Variable :Enx=p7czs)ed
Age (yr) 37.4 (10.9)
Height (cm) 174.0 (7.6)
Weight (kg) 73.5(12.1)
Length of exposure/employment (yr) 10 [15.5]
Level of education

llliterate 9 (12%)

Diploma 34 (46%)

Higher education 31 (42%)
Marital status

Single 8 (11%)

Married 66 (89%)
Body mass index (kg/m?) 24.3 (3.7)
Smokers 19 (26%)
Length of smoking (yr) 8.3 (5.7)
Number of cigarettes smoked per day 7.8 (6.6)
Air-bone concentration of TP (mg/m?) 0.9 (0.2)
Air-bone concentration of BSF (mg/m?) 0.3 (0.1)

the TP that is benzene soluble. Filters were
submerged in benzene; the soluble parts
were weighed to determine the amount of
BSF.

Statistical Analysis

The data were analyzed by SPSS® ver 16.0
for Windows®. Student's t test for inde-
pendent samples, x2 or Fisher's exact test,
Mann-Whitney U test and logistic and
multiple linear regression analysis, were
used. A p value <0.05 was considered
statistically significant. Continuous vari-
ables with normal distribution were pre-
sented as mean (SD). Variables such as
age, weight, height, smoking habits, edu-

Comparison

(n=110) p value
33.8 (8.1) 0.016
173.3 (6.9) 0.538
70.2 (11.9) 0.074
8 [6.5] 0.239
0 (0%)
19 (17.3%) 0.001
91 (82.7%)
12 (10.9%)

0.983
98 (89.1%)
23.4 (3.8) 0.122
22 (20%) 0.364
9.8 (7.5) 0.465
4.7 (3.0) 0.058

cation, and marital status were considered
as potential confounders and their effects
on the prevalence of respiratory symptoms
and changes in pulmonary function indi-
ces were controlled. The initial model was
constructed based on the exposure vari-
able as well as all potential confounding
variables. Using the backward elimination
method and keeping the main exposure
variable, asphalt fume, in the model, the
final model was obtained.

Results

Demographic characteristics of the stud-
ied groups are presented in Table 1. No sig-
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Table 2: Pulmonary function indices of asphalt workers and comparison group (before and after exposure). Val-

ues are mean (SD) percent predicted value.

Exposed
Variable  p o ghift Post-shift
(n=74) (n=74)

Ve 91.23 (4.98) 83.34 (15.28)
FVC 85.91(18.81)  78.92 (18.57)
FEV, 89.58 (18.69)  85.38 (19.4)
PEF 81.9 (22.8) 78.79 (23.64)
FEV/NC 795 (15.35) 81.35 (16.76)
FEV/FVC  87.05 (8.57) 89.95 (6.85)

nificant differences were noted for weight,
height, length of employment, number of
smokers, duration and intensity of smok-
ing between the two studied groups.
Nonetheless, the exposed group, on av-
erage, was about 3.5 years older than the
comparison group (p=0.016). The mean
atmospheric concentration of asphalt
fumes did not exceed the current thresh-
old limit value (TLV) of 0.5 mg/m3 set by
the American Conference of Governmental
Industrial Hygienists (ACGIH).2® Pulmo-
nary function test parameters measured
in the exposed and unexposed groups are

p value
Comparison
(n=110) Pre-shift vs post- Pre-shift exposed vs
shift exposed group comparison group
93.69 (13.67) <0.001 0.251
87.58 (13.15) 0.004 0.508
93.88 (13.93) 0.021 0.094
86.25 (18.85) 0.096 0.160
100.8 (11.91) 0.385 <0.001
107.56 (9.64) 0.008 <0.001

presented in Table 2. VC, FVC, FEV , and
FEV /FVC declined significantly after a
working day in asphalt workers compared
to pre-exposure values (p<0.05). More-
over, FEV /FVC and FEV /VC measured
pre-shift in asphalt workers were signifi-
cantly (p<0.001) lower than those in the
comparison group.

Table 3 shows the prevalence of respi-
ratory symptoms among asphalt workers
and comparison group. The prevalence of
all respiratory symptoms studied was sig-
nificantly (p<0.001) higher in the exposed
group than in the comparison group.

Table 3: Frequency (%; 95% CIl) of respiratory symptoms among asphalt workers and comparison group.
All symptoms were significantly (p<0.001) more prevalent in exposed than in the comparison group.

Variable Exposed (n=74) Comparison (n=110)
Cough 30 (41; 29 to 52) 11 (10.0; 4.3 t0 15.7)
Phlegm 28 (38; 27 to 49) 10 (9.1; 3.7 to 14.5)
Productive cough 27 (36; 25 to 48) 7 (6.4;1.7 to 11.0)
Wheezing 31 (42; 30 to 53) 4 (3.6;0.1t07.2)
Shortness of breath 22 (30; 19 to 40) 6 (5.5;1.2109.8)
Chest tightness 13 (18; 9 to 26) 0 (0; 0to 0)

wwuw.theijoem.com Vol 6, Num 2; April, 2015
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Table 4: Association between exposure to asphalt fumes and
development of respiratory symptoms (binary logistic regres-

sion analysis).
Outcome
Cough
Phlegm
Productive cough
Wheezing
Shortness of breath

OR (95% Cl)

6.9 (3.11015.4 )
6.7 (2.9 to 15.5)
8.5 (3.4 t0 21.1)
18.1 (5.9 to 56.0)
6.9 (2.6 to 18.9)

Binary logistic regression analysis of
data, where age, length of exposure, weight,
height, education level, and smoking were
considered independent variables, signifi-
cant (p<0.001) association was found be-
tween exposure to asphalt fumes and the
prevalence of all respiratory symptoms but
chest tightness (Table 4).

After adjusting for age, length of expo-
sure, weight, height, education level, and
smoking, multiple linear regression analy-
sis revealed a significant (p<0.001) nega-
tive correlation between exposure to as-
phalt fumes and FEV /VC and FEV /FVC
ratios. Exposure to asphalt fume reduced
the FEV /VC, and FEV /FVC by 20.4% and
20.3%, respectively (Table 5).

Table 5: Association between exposure to asphalt fumes and
changes in pulmonary function test indices (multiple linear
regression analysis).

Dependent variable

vC

vC

FEV,
PEF
FEV,/VC

FEV,/FVC

118

B (95% CI)

-3.1(-6.9t00.7)
-1.7 (-6.3 10 2.9)
~3.6 (-8.2t0 1.1)
—4.4 (-10.4 to 1.6)
—20.4 (~24.3 to —16.5)
—20.3 (-23.0 to —17.6)

Discussion

Apart from age and level of education,
there was no significant difference be-
tween the two studied groups in terms of
other variables. There was also no signifi-
cant difference in the number of smokers
and smoking intensity between the two
groups. Therefore, it is unlikely that smok-
ing accounted for the differences observed
in spirometry results. The significant re-
duction in FVC, FEV , and FEV /FVC, and
the significant increase in the respiratory
symptoms are therefore, likely to be the
result of exposure to asphalt fumes. This
conclusion is also supported by the results
of the logistic regression analysis (Table
4).

After adjusting for the important con-
founders, a significant association was
found between exposure to asphalt fumes
and prevalence of respiratory symptoms;
exposure to asphalt fumes increased the
prevalence of cough and wheezing by 6.9
and 18.1 fold, respectively.

These observations are in agreement
with the results of the Randem's study on
64 asphalt workers.4 They showed that the
risk of wheezing increased by 2.6 times as a
result of exposure to asphalt fumes.?” Sim-
ilarly, findings from other cross-sectional
studies have shown a significant increase
in the prevalence of respiratory symptoms
following exposure to asphalt fumes.28-32

Measurements of lung capacities before
and after the exposure were the basis of as-
sessment for acute and chronic effects of
exposure to asphalt fumes. To differentiate
the acute and chronic effects of exposure
to asphalt fumes in this study, pulmonary
function parameters were measured at the
beginning (after a 72-hour exposure-free
period) and at the end of shift. The aver-
age FEV /VC and FEV /FVC ratios in the
exposed group (pre-exposure) were signif-
icantly lower than those of the comparison
group that showed the chronic effect of the
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exposure. Furthermore, cross-shift chang-
es in all measured pulmonary function pa-
rameters reflected the acute effect of the
exposure. These changes could not be at-
tributed to the circadian rhythms consid-
ering the circadian rhythms lead to chang-
es in opposite direction.3® The observed
changes could be attributed to asphalt
fumes-induced acute partially reversible
decrements in pulmonary function tests.
This conclusion is further confirmed by
the results of multiple linear regression
analysis (Table 5) and is consistent with
the findings of other studies.'+581014.15

The findings of the current study are
not consistent with the findings of some
other studies.’>'®* While the exact reasons
for these discrepancies are not clear, fac-
tors such as difference in the air concen-
tration of asphalt fumes in different stud-
ies, asphalt temperature, the season when
the study was conducted, air velocity,2¢
direction of wind,3¢ the method asphalt
was scattered (manual or mechanical),
the emission model of asphalt vapors and
fumes, study sample size, how confound-
ing variables were controlled, type of sta-
tistical analysis, workload, and the person-
al protective equipment used may explain
in part, this issue.

The nature of respiratory disorder as-
sociated with occupational exposure to as-
phalt fumes is consistent with the pattern
of obstructive lung disease. In patients
with obstructive lung disease, FVC is ei-
ther normal or increased. The hallmark of
this type of disorder is a significant reduc-
tion in FEV, hence, significant decrease
in FEV /FVC.3 This conclusion is in keep-
ing with the results of some other studies
where an increased incidence of airway ob-
struction among asphalt workers has been
reported.+3¢ Other cross-sectional studies
have also reported that chronic bronchi-
tis and respiratory symptoms are associ-
ated with exposure to asphalt fumes.2830-32
However, many confounding variables
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such as smoking, were poorly controlled
and the study power was mostly poor.

The significant association between ex-
posure to sub-TLV levels of asphalt fumes
and increased prevalence of respiratory
symptoms with diminished pulmonary
function indices might be interpreted with
certain level of skepticism. However, it
has to be reiterated that these findings are
not only found in this study. Other stud-
ies have already shown that exposure of
dentists to sub-TLV levels of mercury was
associated with sub-clinical symptoms
of intoxication.?” Additionally, it is worth
noting that the study was conducted in
winter when, due to cold temperature,
the concentrations of asphalt fumes were
minimal.34 Therefore, it would plausible to
assume that subjects in summer and hot
seasons are exposed to higher concentra-
tions of asphalt fumes,?* and thus, their
cumulative exposure is likely to exceed the
existing TLV values.

This study had some limitations. Cross-
sectional studies cannot establish any
cause and effect relationship. For this in-
herent limitation, one might argue that the
significant increase in the prevalence of re-
spiratory symptoms and deteriorated lung
function in asphalt workers cannot neces-
sarily be attributed to the exposure to as-
phalt fumes. While true, a few lines of evi-
dence indicate that these are very likely to
be the direct consequences of exposure to
asphalt fumes: 1) The exposed group had
no medical or family history of chronic lung
disease, injuries and surgeries on the chest
during the course of their employment,
or before it. 2) The exposed workers did
not have any exposure to other chemicals
causing respiratory disorders. 3) While the
pulmonary function in the exposed group
partially improved after the exposure
ceased, they were still significantly differ-
ent from those in comparison subjects. 4)
There were no significant differences in the
number of smokers and smoking intensity
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in two studied groups. 5) Significant asso-
ciation between exposure to asphalt fumes
and reduction in lung function parameters
was observed. And, 6) after adjusting for
confounding variables, significant associa-
tions were observed between exposure to
asphalt fumes and respiratory disorders in
asphalt workers.

Additional longitudinal studies with
larger sample size, sufficient follow-up and
longer duration of exposure are clearly re-
quired to further substantiate our findings.

In conclusion, we found that occupa-
tional exposure to sub-TLV levels of as-
phalt fumes is associated with increased
prevalence of respiratory symptoms as well
as acute, partially reversible and chronic
irreversible changes in some parameters
of pulmonary function.
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