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Abstract: Purpose of the Study: The purpose of the study is to evaluate whether low-dose exposure to 
benzene, an environmental pollutant to which male and female traffic policemen are daily exposed to 
could cause alterations in plasma luteinizing hormone (LH) levels. 

Materials and Methods: From an initial sample of 1594 workers, we only selected 95 workers of 
whom study we knew the values of late-shift benzene and LH hormone. All subjects underwent bio-
logical monitoring (final blood benzene evaluation) and luteinizing hormone dosing. Excluding sub-
jects with the main confounding factors, the final sample included 76 workers. The normal distribution 
of the variables was evaluated using the Kolmogorov - Smirnov test, followed by the logarithmic trans-
formation of the LH and benzene values. The comparison among means was performed by using the t-
test for the independent samples. The ANOVA test was performed for variables with more than 2 
modes (ages and seniority) and Pearson correlation index between variables in the total sample and 
after subdivision as to sex, job, sports activity and smoking. The results were considered significant 
when p values were less than 0.05. 

Results / Conclusions: The study did not show a correlation between benzene levels and LH plasma 
levels in outdoor workers.	  
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1. INTRODUCTION 

 Benzene is an aromatic highly flammable compound with 
an intense smell, with high anti-knocking power, low viscos-
ity, high solubility in polar solvents and low solubility in 
water. It is found in high quantities in oil or during combus-
tion processes such as volcanic eruptions or blaze. It is used 
as an additive in fuels; in the industrial synthesis of organic 
compounds such as ethylbenzene (as a precursor of styrene, 
used to produce polymers, copolymers, plastic resins and 
latex), cumene (converted to phenol for the production of 
adhesives and resins), cyclohexane (used in the production of 
some types of nylon), nitrobenzene (for the production of 
aniline, paints and other products), alkylbenzene (for the 
production of detergents) and chlorobenzene (in the  
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production of polymers, pesticides, varnish) [1]. The studies 
carried out by the Ramazzini Institute showed that it is a 
multi-potent carcinogen, capable of inducing many different 
types of cancer in several animal species, including oral cav-
ity carcinoma, nasal cavities, skin, dermis, mammary glands, 
hepatic angiosarcoma, cancers of the lung and lymphomas 
and leukemia [2-6]. According to the International Agency 
for Research on Cancer (IARC), the effect of benzene on 
humans can cause acute myeloid leukemia and acute non-
lymphocytic leukemia. [7, 8] Furthermore, benzene exposure 
was positively associated with acute lymphocytic leukemia, 
chronic lymphocytic leukemia, multiple myeloma, non-
Hodgkin's lymphoma. Inhalation of benzene at low levels, 
but for a long time, is the main concern for the general popu-
lation. This is because benzene is mainly inhaled through 
contaminated air in the general population [9-11]. Many pro-
fessions, such as traffic policemen, are highly exposed to 
environmental stress factors (atmospheric pollutants) and 
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psychosocial stress factors [12]. Data from studies on animal 
suggest that chemical "agents" such as toluene [13, 14], lead 
[15-17], cadmium [18, 19], styrene [20], could cause altera-
tions on the synthesis, secretion and / or action of some hor-
mones [21], including luteinizing hormone (LH) [22, 23]. 
The aim of the study is to verify whether a correlation be-
tween levels of blood benzene and of the luteinizing hor-
mone can be found in a group of outdoor workers of a large 
city in Italy (Rome). 

2. MATERIALS AND METHODS 

2.1. Studied Population 

 The study was conducted on an initial sample of 1594 
outdoor policemen, men and women, assigned to different 
outdoor duties divided as follows: traffic policemen, driv-
ers/second patrol, motorcyclists, policemen of the core assis-
tance to marginalized and other outdoor activities. All work-
ers underwent a questionnaire for information on their 
physiological, pathological, occupational, pharmacological 
history, and history of their reproductive health (menarche, 
pregnancy, type and number of deliveries, menopause, date 
of the last menstrual cycle, current disorders of menstrual 
cycles by length and quantity, gynecological or endocri-
nological diseases in progress), and other information includ-
ing mental health disorders collected according to a binary 
method (yes / no). In addition, data on the biological moni-
toring of benzene and data on laboratory tests were collected. 
As to exposure to cigarette smoking, we took into account 
the classification of the World Health Organization (WHO, 
2014), considering all the smokers as the subject who de-
clared in their history that they had smoked at least 100 ciga-
rettes during their life, whether they were stile smokers or 
they had stopped smoking less than six months before [24, 
25]. As to the criteria of distinction between subjects practic-
ing or not, we took into account the classification of the 
World Health Organization (WHO, 2010), considering at 
least 150 minutes per week of moderate activity or 75 min-
utes of vigorous activity (or equivalent combinations of the 
two) in sessions of at least 10 minutes at a time, with 
strengthening of the major muscle groups performed at least 
twice a week [26]. All workers who claimed they had 
stopped smoking more than 6 months before were consid-
ered non-smokers (WHO, 2014). Considering that an Alco-
holic unit (typically 12 grams of ethanol) corresponds to an 
average glass of wine (about 150 ml), or a can of beer (333 
ml), or a small glass of spirits (about 40 ml) [27], consumers 
of more than 2 Alcohol Units per day for men and 1 Alco-
holic Unit for women were considered regular drinkers of 
alcohol. We selected only workers with a known level of 
benzene at the end of the shift and LH hormone (95). To 
avoid the influence of confounding factors, we excluded 
workers exposed to solvents, paints and pesticides [28, 29] (n 
°3), or women in menopause, (considering 51.4 years the 
average age of last menstruation) [30] (n°2), workers follow-
ing hormone replacement therapy [31] (n°1), pregnant 
women (n°1), or breastfeeding (n°1), women taking oral con-
traceptives [32] (n°5), or having gynecological pathologies 
(n°2), infertility problems (n°1) or endocrinological patholo-
gies, such as thyroid diseases (n °1), polycystic ovary [33]  
(n ° 1).  

 Each subject consented to the processing of their per-
sonal data, declaring they knew that these data fell into the 
category of sensitive data and agreed that the data generated 
by the protocol were treated anonymously and collectively, 
in scientific ways and purposes in accordance with the prin-
ciples of the Declaration of Helsinki. Each subject was in-
formed about the purpose and method of the study and gave 
written consent to take part in the study itself.  

2.2. Statistical Analysis 

 For statistical evaluation, we considered: age, job as-
signment, gender, seniority, smoking habits, alcohol/spirits 
intake and sports activities. The final sample was at the end 
composed of 76 workers (66 men and 10 women, 22 smok-
ers and 54 non-smokers, 21 alcohol / super alcoholic drink-
ers and 55 non-drinkers, 26 sportsmen and 50 non-
sportsmen). As to the task they carried out, they were n. 51 
road workers and n. 25 workers with other outdoor tasks. All 
of them underwent biological monitoring (assessment of 
end-shift blood benzene) and the luteinizing hormone dosage 
(Table 1). 

2.3. Environmental Monitoring: Individual Dosimetry 

 We performed n. 8 dosimetries on road workers selected 
from 8 different sites considered representative of the topog-
raphic distribution of the workers studied, as well as n. 4 
dosimetries for drivers in service cars in which there were at 
least n. 2 agents for each work shift. In any case, even if only 
one worker was wearing the dosimeter, the results obtained 
were considered representative of the exposure of his/her 
colleague of shift.  
 Blood samples and air samples had parallel processing 
for all the participants to avoid the influence of weather and 
seasonal conditions. Workers were equipped with individual 
passive diffusion dosimeters, attached as a badge to the 
worker's neck at the beginning of each sampling day in order 
to measure the concentration of benzene in the breathing 
area.  
 After sampling, the passive samplers were prepared for 
desorption by adding carbon disulphide to the badges. The 
benzene analyses were performed by capillary gas chroma-
tography (GC) with Dani gas chromatograph 1000 equipped 
with a flame ionization detector (FID) for quantification. The 
limit of detection for benzene (LoD) was 0.001 ppm (3.19 µg 
/ m3). The concentrations of benzene we found were ex-
pressed as average values over a period of 8 hours. 

2.4. Dosage of LH and Benzene 

 Individual blood samplings for the determination of the 
LH and blood benzene parameters were performed after 5 
continuous working days at the end of the work shift, on the 
same day of the benzene in the air. After distribution of an 
information note containing the recommendation to abstain 
from active and passive smoking on the five days prior to the 
examination, to avoid the consumption of certain foods (of-
fal, chicken, fish and nuts) and the intake of alcoholic or 
super alcoholic beverages [33], during work shift and / or 
night shifts. A venous blood sample of 10 ml was taken from  
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Table 1. Characteristics of the studied population divided by 
task. 

Number of Subjects Campione Totale 

Number of subjects (n.76) 

Gender  

Male n° (%) 

Female n° (%) 

 

66(86,8) 

10 (13,1) 

Working (ys) road  
Traffic policemen n°( %) 

Policemen with other outdoor activities n°( %) 

 

51 (67,1) 

25 (32,8) 

Smoking habits 

Yes n°(%) 

NO n°(%) 

 

22(28,9) 

54(71,0) 

Alcohol  

Yes n°(%) 

NO n°(%) 

 

21(27,6) 

55(72,3) 

Sport 

Yes n°(%) 

NO n°(%) 

 

26(34,2) 

50(65,7) 

Age (ys) 

Median (SD) 

Geometric Mean 

Min-Max 

Median 

56 (9,28) 

55,55 

38-74 

56 

Working life (ys) 

Median (SD) 

Geometric Mean 

Min-Max 

Median 

 

18 (10,10) 

15,44 

6-37 

17 

Benzene 

Median (SD) 

Geometric Mean  

Min-Max 

Median 

 

371,31(410,24) 

220,82 

3,46-1926 

204 

LH 

Median (SD) 

Geometric Mean  

Min-Max 

Median 

 

3,46 (3,45) 

2,59 

0,25-19,6 

2,7 

Air Benzene  

Number of subjects Median (SD) 

Geometric Mean  

Min-Max 

Median 

 

8 17,28 (10,42) 

13,88 

5-36,6 

16,2 

SD = deviazione standardys = anni 
 

each worker with EDTA. The samples were stored in a re-
frigerator at +4 ° until the time they were transferred (in a 
special container and at the same temperature) to the labora-
tory where they were immediately centrifuged and then 
stored at -20 ° C until the time they were analyzed (within 3 
days). The laboratory performed the blood benzene dosage 
through extraction method with SPME technique (extraction 
with ethylacetate and esterification) and gas chromatography 
analysis with mass spectrometry detector (GC-MS) with 
detection limit <150 ng/L (Hoet P et al., 2009). The limit of 
detection for luteinizing hormone (LoD) was <0.5 mIU / dl. 

2.5. Statistical Analysis 
 For statistical evaluation, the following factors were con-
sidered: sex, cigarette smoking, consumption of alco-
hol/spirits, sports activity, task, age and seniority. The nor-
mal distribution of the variables was evaluated using the 
Kolmogorov-Smirnov test, which was statistically significant 
for end-of-turn Benzene and for the luteinizing hormone. 
This indicates a non-normal distribution of the parameters 
under study. For this reason, we converted the parameters 
into a logarithmic form.  
 The results of the biological monitoring (end-shift blood 
benzene) and of the Luteinizing hormone LH were expressed 
in terms of mean, standard deviation (SD), median and range 
(min-max). The concentrations lower than the LoD were 
replaced with the LoD divided by two. The comparison be-
tween the averages was made by the Student's T-test for in-
dependent variables in the case of two-mode variables: 
smokers/non-smokers, sportsmen / non-sportsmen, drinkers / 
non-drinkers, male/female, drivers / other outdoor tasks, and 
ANOVA for variables with more than 2 methods (age, sen-
iority). In the end, the Pearson correlation index was calcu-
lated to verify the association level between the values of 
blood benzene and the values of LH in the total sample as 
well as after subdivision based on gender, task, habit, alcohol 
intake and sports activity. The results were considered sig-
nificant when the p values were less than 0.05. Statistical 
analysis was performed using the SPSS® Advanced Statisti-
cal TM software 21.0 (Table 2).  

3. RESULTS 
3.1. LH, Blood Benzene and the Characteristics of the 
Studied Population 
 The characteristics of the studied population, of the blood 
and atmospheric benzene are reported in Table 1. There are 
no statistically significant differences between the values of 
LH (variable test) in relation to benzene and the habit of 
cigarette smoking, alcohol, task, sport, sex. 

3.2. Environmental Monitoring of Benzene: Personal Do-
simeters  
 The level of individual exposure to atmospheric benzene is 
shown in Table 1. No sampling exceeded the limit value of 1.6 
mg / m3 of benzene proposed by the ACGIH for the profes-
sionally exposed subjects. The dosimeters also showed atmos-
pheric values of benzene higher than 5 µg / m3 (in Italy, limit 
value for the protection of human health established by Minis-
terial Decree No. 60/2002, based on Directive 2000/69 / EC), 
for 6 out of 8 road workers and for 2 drivers out of 4. 
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Table 2. Pearson correlation coefficient (R) between LH and 

blood benzene, in the total sample and after splitting 
by gender, smoking, job type, alcohol and sporting 
habit. 

Variably 
Biological Indicator  

(Media ± SD) 
LH 

Number of subjects 371,31 ± 410,24 
r: -,037 a 
p: ,749 b 

Male 371,31 ± 410,24 
r: -,033 a 
p: ,790 b 

Female 377,38 ± 418,53 
r: -,193 a 

p: ,593b 

Smoking 374,11 ± 416,38 
r: -,146 a 

p: ,517 b 

No Smoking 373,66 ± 412,53 
r: -,060a 

p: ,669 b 

Alcohol 377,15± 412,41 
r: ,000 a 

p: ,999b 

No Alcohol 376,00± 414,89 
r: -,041 a 

p: ,764b 

Sport 371,31± 410,24 
r: -,131 a 

p: ,524 b 

No Sport 379,86± 421,03 
r: -,090 a 

p: ,534 b 

Traffic policemen 376,00±414,89 
r: -,048 a 

p: ,735 b 

Policemen with other 
outdoor activities 

368,50± 412,31 
r: -,019 a 

p: ,930 b 

a= The correlation was made after the transformation of blood benzene levels into 
logarithmic form 
b = The correlation is statistically significant at p 0.01 level (two queues). 

3.3. LH and Blood Benzene 

 Pearson's correlation analysis between blood benzene 
levels and LH values did not show any significant correla-
tion, either in the total sample or in all the subgroups. 

4. DISCUSSION 

 The California Environmental Protection Agency recog-
nized Benzene as a toxic compound for the development and 
reproduction especially in male subjects [34, 35]. 
 Urban pollutants could cause reproductive disorders in 
female [36] and male subjects [37-41]. Alterations of plasma 
LH levels are involved in mental health disorders as well as 

depression [42, 43] that influence the worker’s efficiency and 
performance. The determination of the level of benzene [44] at 
the end of the shift, therefore, represents, to this day, the most 
sensitive and specific method as it reflects the exposure to 
benzene [45]. It is considered useful for the future to extend 
the case studies to other indicators present in the urine. LH is a 
glycoprotein hormone, in males it stimulates the testosterone 
production by the interstitial cells (Leyding cells) of the testis, 
in female subjects, the LH hormone together with another 
glycoprotein hormone FSH stimulates the production of estro-
gen, from the follicles, and progesterone, and it is responsible 
for the production of the ovarian androgenic quotas. In the 
middle of the menstrual cycle, a peak of LH causes the ovula-
tion, with the formation of the corpus luteum whose activity is 
promoted and maintained by the LH [46].  
 A number of studies in the literature showed that exposure 
to chemical, physical [47] and psychosocial environmental 
pollutants [48, 49], can influence plasma LH levels [24, 25] 
policemen/women chronically exposed to urban stress [50]. 
Other studies showed the effects of some pollutants on the 
cardiovascular system [51-54], the respiratory system [55-56] 
and the Psycho-neuro-immunologic system [57, 58]. There is 
also evidence that benzene in the air affects both the hormonal 
structure [59, 60] and other organs and systems [61-63]. 
 The individual dosimeters are representative of the differ-
ent areas of the town and were carried out to quantify the ex-
posure in the air. It should be noted that personal exposure to 
atmospheric benzene of police officers has always been within 
the limits of the ACGH for exposed workers, but often they 
were higher than the reference values of the general popula-
tion. That is why we believe that the limits of the ACGH are 
too high for some working categories. 
 A study of the US aviation on female members of staff 
[64] highlights the effects of aliphatic and aromatic hydrocar-
bons for exposure to fuels such as JP8 (jet fuel) and diesel, a 
variety of solvents, including toluene and xylene, and combus-
tion products of the fuel. The relationship between the expo-
sure to the mentioned compounds and the reduced LH levels 
suggests that these compounds may act as reproductive endo-
crine disruptors. 
 In previous studies, LH levels in policemen [22] and in 
policewomen [25] were compared with a control group for 
exposure to urban pollutants. Carlo Monti et al. 2009 [24] 
showed a statistically significant increase in plasma LH levels 
in the policewomen. Enrico Tomao et al 2009 [25] showed 
that in the policemen, the levels of LH were significantly 
higher than in administrative staff. 
 In the current study, we have analyzed the benzene. It must 
be taken into account that in the following years, the concen-
trations of benzene in the air have decreased considerably fol-
lowing the new EU regulations. 

CONCLUSION  

 According to our results, we believe that the effects of 
urban pollution detected in the previous studies mentioned 
may not be attributed to benzene, but to other pollutants. 
 It should be noted that we carried out a preliminary 
study. Our results showed no correlation between blood ben-
zene levels and LH values in any of the groups studied, most 
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likely in relation to the low levels of benzene exposure and 
the low number of samples; therefore, we believe further 
analysis should be performed on a larger series. 
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