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Abstract

Since occupation is a major determinant of health, traffic police personnel face multiple occupational hazards. They are
continuously exposed to vehicular emissions and work in a noisy and polluted environment. The objective of the present
review is to explore the impact of occupational health hazards on the health of traffic police personnel. Published research
papers on traffic police reporting occupational health issues were accessed and reviewed. Attempts were made to access
papers that reported negative associations in order to present a balanced review. The majority of the studies have reported
a decrease in the lung function and increased respiratory morbidity. The research on the cytogenetic abnormalities or
genotoxic effect of vehicular emissions arising due to long-term exposure to benzene and other polyaromatic hydrocarbons
has provided conflicting results, since more or less equal numbers of studies have given evidence for and against the causal
association. There is a vast accumulation of epidemiological evidence on the casual association between vehicular pollution
and its carcinogenic effect. Multiple studies have concluded that traffic police are highly stressed. A number of occupational
factors have been attributed to stress among traffic police. Occupational health studies help us to understand the effects
of vehicular pollution and its adverse influence on workers. They also provide opportunity for defined exposures measure-
ments and precise risk assessment. The findings from these studies are easily generalizable and can help us understand the
impact of air pollution on the general population.
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INTRODUCTION

Air pollution is the major public health problem and ve-
hicular exhaust fumes are the principle source of air pollu-
tion in urban areas. A European assessment that suggested
air pollution accounts for 6% of all mortality and 50% of
mortality due to air pollution is accounted for by vehicular
pollution [1]. The hazardous traffic fumes contain a vari-
ety of pollutants such as particulate matter (PM), carbon
monoxide (CO), carbon dioxide (CO,), nitrogen dioxide
(NO,), sulfur dioxide (SO,), ozone, etc., all of which can
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cause respiratory problems and other systemic diseases
including cancer [2,3]. The respiratory effect due to ex-
posure to vehicular fumes could be both allergic and non-
allergic in nature. In addition, vehicular fumes also con-
tain dangerous polyaromatic hydrocarbons like benzene,
toluene, xylene which are classified as potentially carcino-
genic and genotoxic. PAH are of particular concern be-
cause their concentrations in the urban air are 10-30 times
higher than rural air concentration [4].

Since occupation is a major determinant of health, traf-
fic police personnel face multiple occupational hazards.
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They are continuously exposed to vehicular emissions,
work in noisy and polluted environment. Standing for
long hours in a static position makes them vulnerable to
ergonomic problems. Managing high volumes of traffic
density results in physical and mental fatigue among traf-
fic policemen making them susceptible to physical and
mental stress. Both physical and mental health mani-
festations get accentuated with the increasing length of
service [5]. Outdoor occupations in general are hazard-
ous in nature due to prolonged periods of exposure to
high concentrations of vehicular pollution putting the
employees at increased risk of respiratory and cardiovas-
cular diseases [6].

Traffic police personnel are at the highest risk for the ad-
verse health effect of air pollution, compared to the gen-
eral population. Occupational studies on traffic police
personnel help us to understand the effects of vehicular
pollution and its specific adverse effect due to the oppor-
tunity for defined exposures measurements [7]. Another
very important advantage of studying the impact of vehic-
ular pollution on traffic police is that it helps in quantifica-
tion of environmental exposures and risk characterization
of the health outcome. The objective of the present review
is to understand occupational health hazards posed by ve-
hicular pollution and their influence on traffic police per-
sonnel. Accordingly, an attempt has been made to access
studies conducted on traffic police personnel across the
globe and review them to understand the adverse health
outcome and its manifestations.

Pulmonary studies

The majority of studies on traffic personnel investi-
gated the effect of vehicular pollution on the respira-
tory morbidity and the spirometric values correlated
with it, vitalgraph [8] or peak flow meter [5,9]. Most of
the studies showed a decreased lung function with a sig-
nificant reduction in the forced expiratory volume in 1 s
(FEV,), forced vital capacity (FVC), vital capacity (VC),
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peak expiratory flow rate (PEFR), compared to the
control subjects. Cases of lung disorders were also ob-
served [4,10-18]. The height of the police personnel and
years of duty were strong predictors of the pulmonary
function in addition to age.

In fact, deterioration of the lung function showed a strong
association with the length of service in traffic police [5].
Traffic police exhibited higher respiratory signs and
symptoms such as cough, phlegm and rhinitis. A lower
lung function was associated with non-use of protective
masks among traffic policemen [17,19]. Some studies have
looked at the effect of air pollution on vascular inflamma-
tory reactions in traffic policemen [20]. The prevalence of
nonspecific respiratory disease (NSRD) showed an asso-
ciation with a higher concentration of particulate matter
in the air [21].

Pulmonary biomarkers

Many investigators have tried to identify biomarkers for
chronic effects of vehicular pollution and its respiratory
effect on traffic police [22]. Attempts have been made
to identify potential biomarkers from 2 pulmonary se-
creted serum pneumo-proteins, namely Clara cell protein
(CC16) and surfactant-associated protein-A (SP-A). It has
been proposed that CC16 could be useful in the detection
of chronic effects of vehicular pollution in exposed traf-
fic police. Dust cells and siderocytes detected in induced
sputum have been used as a marker of cellular changes
and inflammatory infiltrate among the traffic police-
men [23]. Exposure to vehicular pollution has been shown
to enhance oxidative stress, bring down the levels of anti-
oxidants and nitric oxide. This disturbance in the oxidant/
antioxidant system makes the lungs vulnerable to injury
among the traffic police [24].

Negative pulmonary studies
While the adverse effects of air pollution on the respira-
tory system may seem to be obvious, interestingly, there
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were many studies that did not show any association be-
tween the decline in the lung function when objectively
evaluated with spirometers [25,26]. Some studies could
not find any difference in respiratory symptoms and al-
lergic sensitization among traffic policemen, compared
to the control group [27]. Traffic police showed a higher
concentration of CO in their exhaled air, however, the in-
vestigators did not find any clinical manifestations of CO
poisoning [28].

Immunological studies

Traffic police exposed to vehicular pollution and con-
tinued inhalation of traffic exhaust fumes may develop
airways inflammation demonstrated by an increased
neutrophil cell count in the induced sputum [29]. Traffic
police have shown elevated levels of inflammatory mark-
ers called high-sensitivity C-reactive protein (hs-CRP)
and an increase in the immune makers [30]. Vehicular
pollution contributes to the increase in vehicle-related
particulate matter air pollution. Colloidal particles from
vehicle tires make some of the most important constitu-
ents in the urban air particulate matter, and — when in-
haled - can cause a respiratory allergy in traffic police-
men. The IgE antibody specific to tire colloidal particle
could be tested by a skin-prick test to colloidal-derived
antigen [31].

Negative immunological studies

Allergy-specific respiratory symptoms, and the pulmonary
function were investigated among traffic police. Neither
respiratory symptoms nor allergic sensitization showed
any statistical significance, compared to the control
group [27]. Some investigators have used carbon and mac-
rophages filled with hemosiderin as markers of the inflam-
matory response of the lungs to vehicular pollution among
the traffic police. The cytological analysis of sputum did
not correlate with smoking and did not show a statistical
significance [23].

Cytogenetic studies

A number of studies among traffic police have investi-
gated genotoxicity resulting from environmental expo-
sure to lead, benzene, polycyclic aromatic hydrocarbons
(PAH) and inducing cytogenetic effects. The majority
of the studies found increased chromosomal aberration
(CA), chromosomal breakage, DNA damage frequen-
cies in lymphocytes, frequencies of micronuclei (MN)
and sister-chromatid exchanges (SCEs) in the peripheral
blood lymphocytes [32-35]. Attempts have been made
to characterize individual exposure to PAH in the form
of different variants of benzene. The researchers looked
for the early genetic changes and found significantly in-
creased 32P-postlabeling DNA adducts in WBC obtained
from traffic police personnel [36]. Some studies have con-
centrated on serum p53 protein, which is the factor that
determines p53 gene mutation [37].

Negative cytogenetic studies

Mixed results have been established in studies investigating
the cytogenetic effect of exposure to PAH present in traf-
fic fumes. In fact, a number of studies have failed to detect
a chromosomal aberration or DNA damage and to dem-
onstrate the cytogenetic effects or a detectable increase of
genetic damage in blood cells [38]. Researchers exploring
the genetic effects have also tried to look into cytokinesis-
block micronucleus assay and found a weak association
between lower micronucleus frequency and the GSTM1
null genotype among traffic police [39]. No correlation
was observed between SCE cells and airborne PAH. As
a result, the investigators concluded that exposure to
urban air pollution does not induce cytogenetic effects
among traffic police [40]. Cytognenetic biomonitoring in
traffic police workers has also failed to detect any associa-
tion between micronucleus frequency and vehicular pol-
lution [39]. Analyses of SCE frequencies after 5 years of
exposure among traffic police have shown higher values
of SCE, but without a statistical significance [41]. Many
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studies have reported statistically significant differences
between smokers and non-smokers among the police or
control group, instead of a statistical difference between
the traffic police and control subjects [42].

Biochemical studies

Numerous studies have undertaken varied biomonitor-
ing of traffic police officers exposed to vehicular pollu-
tion. Researchers have looked at either biomarkers of air
pollutants in the blood or the biological outcome due to
vehicular pollution in the blood parameters. The inves-
tigators have looked at hematological alterations in red
blood cells (RBC), mean corpuscular hemoglobin concen-
trations (MCHC), mean corpuscular hemoglobin (MCH),
hematocrit (HCT), mean corpuscular volume (MCV) and
reported significantly elevated values [43].

Traffic exhaust fumes have been reported to lead to over-
expression of the p53 gene mutation in traffic police of-
ficers [37]. The plasma levels of lipid peroxides were very
elevated and a reduction in nitric oxide was observed.
Apart from that, antioxidants were reduced, but plasma
ceruloplasmin, which is an indicator of oxidative stress,
did not show any significant change in the examined study
participants [24]. The results concerning the carboxyhe-
moglobin levels suggested that the COHb% level did not
show a significant correlation with outdoor air quality, on
the other hand, it showed an association with the smoking
status of traffic police personnel [44]. Some investigators
have studied the effect of air pollution on vascular inflam-
matory reactions in traffic policemen and reported an in-
crease in the Hey plasma level and a concomitant reduc-
tion in nitrite and nitrate serum levels [45].

Negative biochemical studies

A number of researchers have reported that the COHb%
level did not show a significant correlation with outdoor air
quality, instead they have revealed an association with the
smoking status of traffic police personnel [44]. Many reports
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have stated no association between benzene or other PAH
in vehicular pollution and micronucleus frequencies, and
found no adverse effect on the hematological values in
traffic police personnel [46]. Some investigators, looking at
the effect of vehicular pollution on the respiratory system,
have tested the study participants for pulmonary secretion
serum pneumoproteins, namely Clara cell protein (CC16)
and surfactant-associated protein-A (SP-A), as pulmonary
biomarkers of the effects of traffic fumes. The serum levels
of SP-A did not differ between various groups with a diffe-
rent duration of exposure [22].

Studies on benzene

Researchers have attempted environmental and biologi-
cal monitoring of airborne aromatic hydrocarbons such
as benzene, toluene, ethylbenzene, xylene and their con-
centrations. Personal measurements for PAH biomarkers
have been carried and benzene was found to be consistent-
ly higher among traffic police officers [47]. The geometric
mean of benzene in traffic policemen has been reported
to be 2 times higher, compared to the controls [48]. Some
investigators have reported up to 6-fold higher benzene
levels in the examined traffic police. The atmospheric con-
centrations of the total PAH, benzo(a)pyrene (BaP) and
benzo(a)pyrene equivalents (BaPe) were much higher at
the road intersections [49]. A significant correlation has
been found in traffic police between environmental ben-
zene measured in air and the S-phenylmercapturic acid
(S-PMA) as a biomarker [44]. Muconic acid, a marker of
benzene exposure, was significantly higher in urban traffic
policemen [22].

Negative benzene studies

Many researchers have reported that vehicular exposure
does not cause any significant risk concerning benzene
levels among traffic police and the control groups. The
findings of a review paper suggest that exposure to low
levels of PAH did not show a significant correlation with
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biomarkers of genotoxicity [50]. Studies comparing blood
benzene, toluene, ethylbenzene and xylene concentrations
did not provide results showing a significant difference be-
tween police staff with office-based indoor duty and traffic
police with outdoor duty [51]. Some studies have tried to
characterize individual exposure to various benzene com-
pounds [52], and have attempted to look at cytogenetic
effects, but they have failed to find any cytogenetic effect
or any increase in the micronuclei frequency as a result of
exposure to vehicular pollution [53].

Lead studies

Lead is the most frequently tested exposure parameter.
Among the traffic police, the blood lead levels were higher
than the acceptable limit, which was also demonstrated by
the presence of delta-aminolevulinic acid dehydratase,
a biomarker of lead exposure [54]. Many traffic police
officers showed neurobehavioral symptoms, which were
consistent with high blood lead levels [55].

Negative lead studies

The effect of environmental lead pollution and high blood
lead levels have not always yielded convincing positive re-
sults. Many studies have failed to detect increased blood
lead levels among traffic police, even when the subjects
were tested with a sophisticated electro-thermal atomic
absorption spectrometer (ET-AAS) [56,57].

The detected blood lead levels among traffic policemen
were not associated with the Hb level, age, or length of
service [58]. Numerous investigators have supported the
results reporting the lack of a correlation between blood
lead levels and duration of employment. In addition, they
have failed to find a statistical difference between the
mean values for copper among the traffic constables and
the controls [59]. Many researchers have reported the lack
of cytogenetic effects and chromosomal aberration, as
well as the absence of a correlation with the blood lead
levels or the duration of employment [33].

Cancer studies

A number of studies have particularly investigated lung
cancer risk associated with exposure to toxic constituents of
vehicular pollution. In addition to this, other specific can-
cer types at different sites like endocrine glands, kidneys,
breasts, testicles, melanoma, cervix, colon, bladder, leuke-
mia and lymphomas, and non-Hodgkin’s lymphoma have
been examined. Some investigators have also focused on
the risk associated with exposure to radiofrequencies/mi-
crowaves, especially those coming from hand-held radars.
The occupational use of hand-held radars that traffic po-
lice personnel keep in a close proximity to the testicles has
been shown to increase the risk related to testicular can-
cer [60,61]. An association between testicular cancer and
a hand-held radar has further been corroborated through
a retrospective cohort study among traffic police officers,
which showed an increased incidence of testicular cancer
and melanoma skin cancer [62]. Another retrospective
study has investigated multiple site cancers through past
records reporting, all of which have been linked to the
use of a police traffic radar [63]. Some researchers have
collected data on cancer cases identified through a tumor
registry along with death certificates and demonstrated
the incidence of cancers with low fatality rates among traf-
fic police [64].

Negative cancer studies

Many researchers have challenged the link between can-
cer and radar exposure among traffic police referring to
the lack of convincing evidence. They have demonstrated
methodological inconsistencies in the published results
that have shown an association between high frequency
emissions and cancer. Errors have been pointed out espe-
cially in the classification of exposure measurements refer-
ring to past and current exposures. Another highlighted
aspect was the use of biased data and the lack of adjust-
ment for potential confounders in the studies related to
traffic police [65,66].
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Standard Mortality Ratio studies

Multiple retrospective studies have been carried out to in-
vestigate the increased Standard Mortality Ratio (SMR).
Some have undertaken a secondary data analysis to explore
the presence of occupational hazards related to traffic po-
lice work and investigated an increase in the probability
of death through SMR, compared to the general popula-
tion and also in comparison to other occupations like fire
fighters, clerks, etc. Higher SMR was seen for cancer morta-
lity [67,68]. In addition to this, higher proportionate mortal-
ity rates (PMR) were noted for arteriosclerotic heart disease
(ASHD) for both the working and retired police officers [69].

Endocrinal studies

Endocrinal studies have been carried out to evaluate the
effect of vehicular pollution and psycho-social stressors on
the mean plasma concentration of the adrenocorticotrop-
ic hormone. The findings showed that the cortisol values
were significantly higher in traffic police compared to the
controls [70]. Cortisol hormone secretion correlated more
with an individual’s anxiety in expectation of an impen-
ding stressful event than it actually taking place [71]. Some
studies have measured the plasma growth hormone (GH)
levels and found that it was substantially lower in the ex-
posed traffic policemen [72]. A number of researchers have
looked for biomarkers for stress among traffic police. They
have demonstrated an increased release of catecholamines
and also found that the epinephrine to norepinephrine ra-
tio proved to be a very good marker of stress [ 71]. Some stu-
dies have also looked at the effect of noise pollution on the
plasma levels of adrenaline, noradrenaline and dopamine.
The investigators have concluded that strong noise load has
an impact on the sympatho-adrenomedullary system [73].

Urine analysis studies

Traffic police studies have included urine analyses as part
of the exposure assessment and biomonitoring of PAH ex-
posure. They have also looked for varied biomarkers of
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vehicular pollution or their consequences, namely phenol,
urine hippuric acid, urinary platinum, urinary homovanil-
lic acid, urinary delta-aminolevulenic acid (ALA), and
creatinine levels.

Urine trans, trans-muconic acid (ttMA) levels have been
found to be a useful monitoring tool for early detection
of hazardous benzene exposure that could be used as
a biomarker for vehicular pollution exposure [74]. Traffic
policemen exposed to heavy traffic showed a higher varia-
tion of the urinary homovanillic acid HVA(U) excretion
levels in 24 h [75]. Studies have also estimated the PAH
exposure by measuring the urinary 1-hydroxypyrene
(1-OHP) levels and reported higher levels in smoking traf-
fic police personnel [76]. The average urine hippuric acid
level was demonstrated to be significantly higher in traffic
police [77]. Urine phenol levels were found to be signifi-
cantly elevated among traffic policemen with more than
five years of service [78]. The platinum levels were shown
to be higher among traffic police as well [79].

Negative urine analysis studies

The urinary delta-aminolevulenic acid (ALA) tested in
traffic police did not show any elevated level compared to
the control group [58].

Stress studies

Multiple studies have concluded that traffic police are
highly stressed. A number of factors have been attri-
buted to stress among traffic police, namely inadequate
rest periods, lack of communication with the family mem-
bers, long duty hours, inadequate leave periods, political
pressure, excessive number of vehicles on the road, hot
weather, noncooperation from the public, lack of coordi-
nation among colleagues, seeing too many accidents on
the road, problems at home, getting injured, use of force
on duty, etc. [80,81].

Some researchers have focused on long-term effects of
stress and disease outcomes, cancer, and mortality among



TRAFFIC POLICE AND ENVIRONMENTAL HEALTH EFFECTS REVIEW PAPER

policemen. The studies have also shown that more than
a decade of service in traffic police was a strong predictor
for diseases of lymphatic and hematopoietic tissues. Fur-
thermore, it has been demonstrated that traffic person-
nel who worked for more than four decades of service in
traffic police had higher Standard Mortality Ratio (SMR)
from all causes, especially arterioscleorotic diseases [68].

OTHER STUDIES

A relatively small number of studies have focused on the
correlation between atmospheric pollution and some pos-
sible outcomes: ergonomic impact, damaged oral health,
hearing loss, traffic injuries, personal protective equip-
ments (PPEs), reproductive effects in traffic policemen
wives, and vascular inflammatory reactions in traffic po-
licemen.

Physical stress among police officers managing traffic is
an occupational risk factor for low back pain (LBP). The
recurrence of it was associated with the time since the on-
set, but it was not related to the persistence of LBP [82].
Musculoskeletal problems in traffic police personnel have
been reported to be high and they often lead to increased
sickness absenteeism. Police personnel driving motorcy-
cles have reported higher shoulder pain [83]. The wives of
traffic policemen exposed to vehicular pollution reported
an adverse reproductive outcome [84]. The health status
and treatment needs assessment showed that a half of the
police personnel were suffering from dental caries [85].
The self-reported hearing quality of traffic policemen
showed varying levels of auditory and non-auditory health
effects caused by noise pollution [86].

The exposure of traffic police officers to particulate mat-
ter, carbon monoxide, and benzene has been assessed.
The key finding was that airborne concentrations deter-
mined by a fixed measurement reported in other studies
greatly underestimated the exposure of traffic officers to
airborne contaminants [87].

DISCUSSION

There is enough epidemiological evidence to show that
vehicular pollution can cause increased morbidity and
mortality. Some health effects may result from short-term
exposure, while others are related to long-term exposure.
Traffic police have been the natural choice as the subjects
for studying adverse health effects from vehicular pollu-
tion due to their occupation requiring them to be in the
middle of heavy traffic. Although a number of different
health effects have been reported, the majority of the
studies devoted to traffic police have largely focused on
three specific outcomes, namely respiratory morbidity, cy-
togenic effect and carcinogenic effect [88,89)].

The effect of vehicular pollution on the respiratory health
has been the primary research question for the majority of
the studies looking into health effects of vehicular air pol-
lution. The evidence accumulated in this respect has come
from methodologically diverse studies. Most of them have
reported a decrease in the lung function and increased re-
spiratory morbidity. Yet, there are many studies that have
failed to show any association between vehicular pollution
and a decreased lung function. Vehicular traffic contri-
butes a major portion of the air pollution and study results
on traffic police can be extrapolated to a larger popula-
tion, provided that the confounding variables are adjusted
for [90,91].

The research on the cryptogenic abnormalities or the
genotoxic effect of vehicular emission arising due to long-
term exposure to benzene and other PAH has provided
conflicting results, since more or less equal numbers of
studies have given evidence for and against the causal
association. While laboratory-based toxicological experi-
ments on animals have convincingly yielded positive re-
sults for the mutagenic effect, the extrapolation of animal
laboratory findings to human beings has been controver-
sial [92,93].

There is a vast accumulation of epidemiological evi-
dence on the casual association between vehicular
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pollution and its carcinogenic effect on the exposed in-
dividuals. Benzene has been shown to increase the risk
of leukemia among children even at very low levels.
Based on the available evidence and recommenda-
tions of various professional organizations, the World
Health Organization (WHO) has declared benzene
as the most hazardous pollutant and recommended
the zero level as the only safe limit of exposure. Such
evidence has led to many public health interventions.
Diesel fumes have been classified as a probable human
carcinogen by the International Agency for Research
on Cancer (IARC). The national Institute of Occupa-
tional Health has declared diesel fumes as an occupa-
tional carcinogen [94].

The individual health effects among traffic police of-
ficers cannot be attributed to specific constituents of
the vehicular pollution, since a mixture of multiple
constituents act synergistically to induce adverse health
outcomes. Any change in the permutation and combi-
nation of the constituents of traffic fumes is likely to
change the resultant health outcome. A specific pollu-
tant, e.g., particulate matter, will cause different health
outcomes depending on its combination with other con-
stituents in the air. Traffic police studies provide the op-
portunity to study adverse effects of vehicular pollution
on different microenvironments with varying levels of
the concentration of traffic-related air pollution [95].
Biomarker studies among traffic police personnel are
helping to combine the epidemiological and toxicologi-
cal studies on vehicular pollution exposure. Recent ad-
vances in molecular biology have greatly helped in ac-
curate exposure assessment and deeper understanding
of the biological basis of the disease causal mechanism.
In addition, recent advances in molecular biological stu-
dies among traffic police have also helped in identifying
high-risk individuals based on their susceptibility profile
provided by the presence or absence of certain specific
biomarkers [96,97].
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