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Abstract

Background: Exposure to benzene causes several adverse effects, including decreased number of erythrocytes, leucocytes, and red
blood cells, and results in aplastic anemia. The aim of this study was to investigate hematological changes due to benzene exposure
in painting workers.
Methods: This study was conducted on benzene-exposed and nonexposed workers in Tehran, Iran. The study sample included 40
painters exposed to different levels of benzene and 40 unexposed controls in an automobile manufacturing company. Sampling
was carried out with an active pump sampler, using the NIOSH method 1501. Varian C-3800 gas chromatography-flame ionization
detector (GC-FID) was used for the analysis of 40 benzene samples. Blood samples from 80 workers were collected from both the
case and control groups. Hematological indices were analyzed for red blood cell, white blood cell, hematocrit, hemoglobin, platelet,
and white cell differential count.
Results: The average amount of benzene in painting workers was 0.775 ± 0.12 ppm. Benzene was not detected in the breathing
zone of the control group. Long-term occupational exposure to benzene was lower than 1 ppm. Some blood indices, including the
mean corpuscular hemoglobin concentration (MCHC) and eosinophil count, showed significant differences in comparison with
the control group (P < 0.05). However, no significant differences were observed in the hematocrit, hemoglobin, mean corpuscular
volume (MCV), and MCH of painters, compared to the control group (P > 0.05). Moreover, the platelet count was normal in workers
with exposure to benzene.
Conclusions: The painters showed evidence of relative exposure to benzene at a concentration below 1 ppm, causing changes in
blood cells. The results of this study demonstrated that eosinophils are more sensitive than lymphocytes or neutrophils.
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1. Background

Over the past years, Iran has shown significant growth
in major industries, such as petrochemical and oil indus-
tries (1). Almost 4 million people around the world are
exposed to different chemical substances (2). Volatile or-
ganic compounds (VOCs) are among important chemical
substances in oil industry and painting processes. VOCs
are present in the workplace and urban areas at different
concentrations (3).

Benzene is the simplest VOC and an excellent organic
solvent (4). Its emission, reported as parts per billion (ppb)
or parts per million (ppm), in different processes is a seri-
ous hazard to the environment (5, 6). Benzene is present

in gasoline and is emitted from fire. It is a component of
crude oil and gasoline, emitted from various oil processes
(4). It is also present in cigarette smoke. Therefore, this
compound, found in cigarette smoke and other products,
may cause concerns for public health (7-9).

Benzene has been shown to cause cancer and produce
group-1 human carcinogens. Accordingly, it has been clas-
sified by the international agency for research on cancer
(IRAC) (1982). There is an agreement that benzene can af-
fect the hematopoietic system (10). It seems that all hu-
mans may be exposed to benzene. Therefore, exposure to
benzene can cause toxic effects on red blood cell (RBC) me-
tabolization.

The relationship between benzene concentration in
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the breathing zone of workers and benzene metabolites
has adverse effects on healthy workers (5). Exposure to
various concentrations of benzene causes several adverse
effects, including hematological system and central ner-
vous system malfunctions (11). The hematopoietic toxicity
of benzene has been reported in studies by Selling (12) and
Weiskotten (4, 13, 14). Long-term exposure to benzene can
lead to leukemia and may cause lymphoma in humans (15).
High concentrations of benzene cause adverse effects on
the hematopoietic system (hematotoxicity) (11); however,
low hematotoxicity is undetermined in long exposures.

Exposure to various concentrations of benzene, rang-
ing from 1 ppm to hundreds of ppm, results in the reduc-
tion of white blood cells (WBCs), RBCs, and platelet count.
Reduction in complete blood cell (CBC) count to levels
below the normal limit is termed as pancytopenia, lead-
ing to aplastic anemia (16). Some authors have proposed
hemoglobin (17, 18), mean corpuscular volume (MCV) (19,
20), absolute lymphocyte count (21-23), and CBC count (24-
26) as appropriate tests for the detection of toxic effects.

In a previous study, Hemberg reported cytopenia in
workers exposed to benzene (27). The comparison of CBC
count in a study by Colliins showed no significant differ-
ences in hemoglobin, RBC, and MCV in benzene-exposed
workers. On the other hand, Colliins showed a scarcely sig-
nificant increase in MCV, associated with benzene in the
workplace (28). Moreover, exposure to benzene can lead to
carcinogenicity in humans (29). The aim of this study was
to investigate the hematological indices of benzene expo-
sure to determine the correlation of exposure to benzene
(< 1 ppm) with immunological parameters and hemato-
logical changes in painting workers.

2. Methods

This cross sectional control-group study was con-
ducted in Tehran, Iran. The subjects included 40 painters
exposed to different levels of benzene and 40 unexposed
controls at an automobile manufacturing company. Air
and blood samples were collected from the workplace. The
inclusion criteria for the group of painting workers were as
follows: 1, at least 1 year of experience in the painting hall;
and 2, lack of chronic diseases, such as anemia, hyperten-
sion, liver diseases, and kidney diseases. In total, 45 work-
ers were in the painting hall, 5 of whom were removed af-
ter checking due to hereditary anemia. The control group
was selected from the administrative personnel. Moreover,
20 samples were enrolled in the control group (2 samples
from each person).

2.1. Sampling and Analysis of Benzene

Sampling and analysis of inhaled benzene were carried
out using NIOSH method 1501. A total of 40 samples were
collected from 20 painters (2 samples from each painter)
during 120 hours (3 hours per sample). The samples were
collected at different working hours due to different levels
of air pollution and work shifts. The air samples were aspi-
rated in the sampling tubes, containing activated coconut
shell charcoal.

After collection of benzene from the breathing zone,
the compounds were extracted with carbon disulfide (CS2;
2 mL). Varian c-3800 gas chromatography-flame ionization
detector (GC-FID) was used for the analysis of 40 benzene
samples. The concentration of benzene in the breathing
zone ranged from 0.54 to 0.86 ppm. The period of exposure
to benzene ranged from 1 to 20 years. For determining the
total benzene level in the breathing zone of painting work-
ers, the amount of the sample in the front and back of the
activated charcoal absorber was analyzed. Finally, for mea-
suring the analyte concentration in the air volume, the fol-
lowing equation was used:

C = (Wf + Wb - Bf - Bb)/V
where Wf refers to the analyte in the sample front, Wb

is the analyte found in the sample back, Bf is the average
media blank front, and Bb is the average media blank back.
Also, V refers to the air volume sample (L), and C denotes
the concentration of pollutant (mg/m3).

For calculating ppm at vapor pressure of 760 mmHg,
the following equation was applied:

ppm = mg/m3 × 24.45/M
where M represents the molecular weight (benzene,

78.11).
Moreover, for calculating the time-weight average

(TWA), the following equation was used:
TWA = C1T1 + C2T2/8
where C is the concentration of pollutant (ppm), and T

is the duration of sampling (hours).

2.2. Hematological Measurements

Blood samples were collected from 80 workers from
both the case and control groups. The samples were col-
lected from painting workers and controls in the morn-
ing and stored at 4°C. Analysis of blood samples was per-
formed in the laboratory within 3 hours after collection in
the workplace. The hematological indices were analyzed
for RBC, WBC, hematocrit, hemoglobin, platelet, and white
cell differential count.

2.3. Statistical Analysis

Data were analyzed using SPSS version 22. One-way
ANOVA and multiple regression analysis were performed
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to compare the mean pollutant concentration and hema-
tological indices and to determine the relationship be-
tween parameters.

3. Results

3.1. History of Workers and Controls

A total of 40 male painters (age range, 25 - 54 years;
mean, 34.22 ± 6.85), who were exposed to benzene for
2 to 16 years (mean, 6.9 ± 4.13) and worked 8 - 10 h/day,
were compared with 40 unexposed men (age range, 36 -
52 years; mean, 44.5 ± 4.27) in the automobile manufac-
turing factories of Tehran, Iran. The control group was not
exposed to any solvents. Statistical analysis showed signif-
icant differences in the age, work experience, and educa-
tion of benzene-exposed and control groups (P < 0.001).
The characteristics of benzene-exposed and control groups
are summarized in Table 1.

3.2. Personal air Benzene Exposure

In total, 40 samples were collected from the factories
(6 samples in 1 day and 40 samples in 1 month). The con-
centration of benzene in the breathing zone of painters
ranged from 0.54 to 0.83 ppm in 1 day with a TWA of 0.69
± 0.14 ppm. The average 1-month benzene exposure in the
painting halls ranged from 0.54 to 0.86 ppm, with a TWA of
0.775 ± 0.12 ppm (Table 2).

Comparison of benzene concentration with the recom-
mended level showed that in the breathing zone, the ben-
zene level was significantly higher than the recommended
threshold limit value (TLV)-TWA by the American Con-
ference of Governmental Industrial Hygienists (ACGIH)
(TWA, 0.5 ppm) in pollutant-exposed workers. The results
demonstrated a significant difference in benzene concen-
tration in the breathing zone of workers with permitted
level of 0.5 ppm (P = 0.003). However, benzene was not de-
tected in the breathing zone of the controls.

3.3. Hematological Changes

Blood samples were collected from 80 workers (paint-
ing workers and controls), and CBC count was analyzed.
The mean eosinophil count was lower in the benzene-
exposed group, compared to the controls. There was a sig-
nificant difference (P < 0.001) in the eosinophil count be-
tween the groups.

The mean corpuscular hemoglobin concentration
(MCHC) significantly increased in the benzene-exposed
group, compared to the control group (P < 0.01). Compar-
ison of hematological parameters showed no significant
differences between the groups in terms of hemoglobin,
hematocrit, MCV, MCH, RBC, platelet count, erythrocyte

sedimentation rate (ESR), red cell distribution width
(RDW), WBC, neutrophil, lymphocyte, and monocyte
count (P > 0.05). The results presented in Table 3 indicate
the differences in hematological indices between the
unexposed and exposed subjects to benzene.

In this study, the mean hematocrit, MCV, ESR, RDW,
WBC, neutrophil, eosinophil, and monocyte level in smok-
ing painters were higher than their nonsmoking coun-
terparts, although the statistical analysis showed no sig-
nificant differences between smoking and nonsmoking
painters (P > 0.05). The mean hematocrit, MCV, ESR,
WBC, neutrophil, and eosinophil levels in smoking sub-
jects (smoking painting workers and smoking controls)
were higher than their nonsmoking counterparts in the 2
groups (nonsmoking painting workers and nonsmoking
controls); however, the statistical analysis showed no sig-
nificant differences between the groups (P > 0.05). The in-
formation of smoking and nonsmoking workers is sum-
marized in Table 4.

Multiple regression analysis of hematological param-
eters in terms of age, work experience, smoking, and
body mass index (BMI) between benzene-exposed painting
workers is summarized in Table 5. The results showed a
significant difference in monocyte count and work experi-
ence (P = 0.02). However, the statistical analysis showed no
significant differences between hematological parameters
and age, smoking, and BMI (P > 0.05).

4. Discussion

Benzene exposure is still reported in both occupa-
tional and environmental settings, although its occur-
rence has reduced over the past decades. Today, occupa-
tional exposure is normally below the regulatory standard
of 1 ppm and is often below 0.1 ppm. However, identifying
higher levels of exposure (> 10 ppm) in small and unreg-
ulated environments is an important step in bridging the
information gap (9).

Exposure to high concentrations of benzene may de-
crease the blood cell count (30, 31). Long-term exposure to
different levels of benzene in the workplace may be associ-
ated with adverse health effects, such as reduced total WBC
(32). According to the finding of this study, benzene con-
centration (0.775 ppm) among painters was higher than
the standard recommended by ACGIH. In this regard, a
large study indicated that hematotoxicity might occur in
workers exposed to benzene concentrations below 1 ppm
(26). According to the finding of this study, painting work-
ers exposed to benzene showed significant hematologi-
cal changes. The mean eosinophil count significantly de-
creased in workers exposed to benzene, compared to the
control group. Conversely, the mean MCHC significantly
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Table 1. Demographic Information of Benzene-Exposed and Control Groups (N, 80)a

Variables Benzene Exposed (N, 40) Control Group (N, 40) P Value

Age, y 34.22 ± 6.85 44.55 ± 4.27 < 0.001

Work experience, y 6.9 ± 4.13 16.77 ± 3.37 < 0.001

Education < 0.001

Below college 23 (57.5) 6 (15)

College or higher 17 (42.5) 34 (85)

Bodymass index, kg/m2 0.051

< 25 23 (57.5) 14 (35)

25 - 30 11 (27.6) 16 (40)

> 30 6 (15) 10 (25)

Smoking 0.63

Yes 15 (37.5) 13 (32.5)

No 25 (62.5) 27 (67.5)

aValues are expressed as mean ± SD or No. (%).

Table 2. Exposure to Benzene Among Painting Workers in an Automobile Manufacturing Factory in Tehran, Iran

Concentrations Number of Samples Benzene TLV-TWA (ACGIH), ppm P Value

TWA Range

Level in 1 day, ppm 6 0.69 ± 0.14 0.54 - 0.83 0.5 0.04

Average in 4weeks, ppm 40 0.775 ± 0.12 0.54 - 0.86 0.5 0.003

Table 3. Hematological Parameters in the Benzene-Exposed and Control Groups (N, 40)

Variables Benzene-Exposed Group Control Group P Value

RBC 5.32 ± 0.38 5.23 ± 0.49 0.35

Hemoglobin 15.12 ± 1.14 14.8 ± 1.12 0.37

Hematocrit, vol% 44.1 ± 5.51 44.9 ± 3 0.46

MCV, fL 86.6 ± 6.32 85.75 ± 4.9 0.36

MCH, pg 28.42 ± 2.5 28.48 ± 1.84 0.89

MCHC, g/L 33.65 ± 1.0 33.10 ± 0.71 < 0.01

Platelet count, 109 /L 249.075 ± 49 246.525 ± 49 0.81

ESR 3.15 ± 1.61 3.7 ± 1.18 0.08

RDW 12.7 ± 0.61 12.78 ± 0.6 0.56

WBC, 106 /L 7.13 ± 1.5 6.90 ± 1.29 0.48

Neutrophil 53.36 ± 9.14 53.3 ± 7.74 0.97

Lymphocyte 43.13 ± 9.08 42.27 ± 7.61 0.64

Eosinophil 2.17 ± 1.11 2.9 ± 1.5 < 0.001

Monocyte 1.57 ± 1.42 1.45 ± 0.59 0.61

increased in painting workers exposed to benzene, com-
pared to the control group.

Few studies have demonstrated a relationship between
benzene exposure and hematological reactions. Ward re-
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Table 4. Hematological Parameters in Benzene-Exposed and Control Groups, (N, 40)

Variables Benzene-Exposed Group Control Group

Smokers Nonsmokers P Value Smokers Nonsmokers P Value

RBC 5.2 ± 0.59 5.3 ± 0.53 0.67 5.09 ± 0.55 5.3 ± 0.39 0.17

Hemoglobin 14.9 ± 1.03 15.2 ± 1.2 0.47 15.1 ± 1.38 14.79 ± 0.98 0.41

Hematocrit, vol% 44.4 ± 1.9 43.9 ± 6.8 0.78 45.06 ± 4.02 44.8 ± 2.45 0.84

MCV, fL 84.6 ± 7.4 84.5 ± 5.6 0.97 87.92 ± 4.62 84.7 ± 4.76 0.05

MCH, pg 28.2 ± 3.07 28.5 ± 2.2 0.75 29.65 ± 1.23 27.9 ± 1.84 0.04

MCHC, g/L 33.5 ± 1.2 33.6 ± 0.88 0.74 33.37 ± 0.60 32.9 ± 0.74 0.08

Platelet count, 109 /L 245.9 ± 51.6 250.9 ± 49.5 0.76 243.8 ± 44.5 247.8 ± 52.8 0.81

ESR 3.5 ± 1.7 2.9 ± 1.4 0.24 4.07 ± 0.95 3.5 ± 1.2 0.12

RDW 12.7 ± 0.59 12.6 ± 0.64 0.82 12.48 ± 0.48 12.9 ± 0.61 0.02

WBC, 106 /L 7.16 ± 1.64 7.11 ± 1.57 0.93 6.98 ± 7.74 6.86 ± 1.49 0.78

Neutrophil 55.2 ± 9.2 52.2 ± 9.09 0.33 54.61 ± 7.43 52.6 ± 7.95 0.46

Lymphocyte 40.2 ± 9.2 44.4 ± 8.89 0.23 40.69 ± 7.47 43.03 ± 7.70 0.36

Eosinophil 2.22 ± 1.17 2.14 ± 1.1 0.83 3.15 ± 1.72 2.8 ± 1.4 0.61

Monocyte 1.7 ± 1.54 1.44 ± 1.35 0.45 1.38 ± 0.65 1.4 ± 0.57 0.63

Table 5. Multiple Regression Analysis of Each Hematological Parameter and Demographic Information of Painting Workers

Parameters Age, Y Work Experience, Y Smoking (Yes/No) BMI

RBC P = 0.92 P = 0.32 P = 0.54 P = 0.48

Hemoglobin P = 0.67 P = 0.1 P = 0.58 P = 0.49

Hematocrit, vol% P = 0.37 P = 0.72 P = 0.39 P = 0.81

MCV, fL P = 0.99 P = 0.92 P = 0.81 P = 0.43

MCH, pg P = 0.77 P = 0.66 P = 0.98 P = 0.68

MCHC, g/L P = 0.50 P = 0.09 P = 0.98 P = 0.53

Platelet count, 109 /L P = 0.59 P = 0.96 P = 0.7 P = 0.90

ESR P = 0.68 P = 0.61 P = 0.65 P = 0.08

RDW P = 0.87 P = 0.89 P = 0.99 P = 0.52

WBC, 106 /L P = 0.45 P = 0.88 P = 0.82 P = 0.55

Neutrophil P = 0.15 P = 0.13 P = 0.48 P = 0.15

Lymphocyte P = 0.23 P = 0.27 P = 0.43 P = 0.12

Eosinophil P = 0.4 P = 0.12 P = 0.54 P = 0.38

Monocyte P = 0.12 P = 0.02 P = 0.5 P = 0.57

ported that at benzene concentrations below 10 ppm, re-
duction in CBC count was unlikely to occur. They demon-
strated a correlation between exposed workers and reduc-
tion in WBC and RBC (33). Khuder demonstrated that expo-
sure to low benzene concentrations (range, 0.14 - 2.08 ppm)
resulted in reduced RBC and platelet count in pollutant-
exposed workers, who were followed-up longitudinally

(30).

Exposure to high concentrations of benzene (> 100
ppm) can lead to higher levels of MCV and neutrophil
count, despite lower MCHC levels (22). According to the
finding of this study, no significant differences were ob-
served in the lymphocyte count of benzene-exposed and
control groups. Moreover, Bogadi reported no significant
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differences in lymphocyte count and different levels of ex-
posure to benzene (21).

In addition, in this study, no significant differences
were observed in the platelet count of painting workers,
compared to the control group. Muzaffer reported that
platelet count was always normal in workers with expo-
sure to benzene (34). According to the finding of this
study, there was no significant difference in the hemat-
ocrit, hemoglobin, MCV, and MCH levels of painting work-
ers, compared to the control group.

Many authors have shown that routine blood tests are
not sensitive enough to detect early changes due to the
toxic effects of benzene (17, 28, 31, 35-38). According to the
finding of this study, exposure to benzene concentrations
below 1 ppm was reported in painters, causing few changes
in blood cells, besides hematological changes associated
with exposure to higher concentrations of benzene.

According to the finding of this study, eosinophil is
more sensitive than lymphocyte or neutrophil. In addi-
tion, the mean monocyte, lymphocyte, and neutrophil
levels increased in painting workers exposed to benzene,
compared to the control group. However, the statistical
analysis showed no significant differences between paint-
ing workers and controls. Overall, benzene is a hemato-
toxic compound, causing a reduction in the total WBC,
granulocyte, and lymphocyte counts in workers with var-
ious levels of exposure to benzene (39).

Few studies have shown an association between risk
of leukemia and exposure to lower concentrations of ben-
zene in the workplace (40). Yin reported that total WBC
reduced similarly in workers exposed to benzene (41).
Therefore, in some countries, even lower levels have been
adopted (0.5 ppm in Sweden) (42). Overall, education
about the health hazards and toxicity of benzene in devel-
oping countries, including Iran, is essential.

In conclusion, this study showed that painting work-
ers with benzene exposure are at a higher risk of health
hazards, such as leukemia, lymphoma, and hematologi-
cal changes. Concentration of pollutants in the workplace
should be measured so that sampling and analysis of VOCs
can provide valuable information on preventive and con-
trol measures.
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