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Abstract

Background: Lead is one of the most widely used metals in the industries and is the amplest metal element on the Earth’s crust.
This metal disrupts the physiological processes of the body due to its accumulation in various tissues. The present study aimed
to determining the association of lead exposure with blood pressure and blood components of the lead mine employees in
Isfahan City, Iran. Methods :In this cross-sectional study, 187 workers were investigated; they worked in the lead mines of
Isfahan from January to April 2016. The stafl was divided into two groups: one was exposed to lead and the other was the
control group. The participants' general information was collected in worksheets, including age, work experience, work shift,
body mass index, blood pressure, and smoking status. Sampling was carried out by active sampling using the NIOSH 7300
method. Blood samples were taken from all participants and their hematological parameters were evaluated, including red blood
cell, platelet count, percent of lymphocytes, and volume of red blood cells. Results: The participants' age means were 34.06
(8.8) and 37.04 (11.48) years in the case and control groups, respectively. The time-weighted average concentration of lead in
the breathing zone air of workers was 0.0533 mg/m3. The average systolic blood pressure was 12.01 (1.3) mmHg in exposed
workers, while it was 11.78 (1.1) mmHg in the control group. The average diastolic blood pressure was 7.84 (0.71) mmHg in
exposed workers and 7.73 (0.54) mmHg in control group. Statistical test results showed a significant difference between the
case and control groups with regard to their systolic and diastolic blood pressure (P<0.05). Furthermore, no significant
difference was observed between the lead-exposed and non-exposed groups with regard to the hematocrit and hemoglobin
levels. Conclusion :According to the results, lead exposure can cause metabolic changes in blood pressure and some of its
features. Considering the importance of this issue, some preventive measures should be taken to maintain and improve the
worker's health and well-being, such as increasing the workers' rest time, performing periodic examinations for them, as well as
conducting safety workshops and training sessions.
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Introduction

etals long-term exposure can lead to significant diseases.” Lead is one of the most commonly used metals in
problems.' Some metals are beneficial to health, industry and the most abundant heavy metal element on the
while others can cause toxicity and occupational Earth's crust.’ although exposure to lead has declined
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dramatically during the last two decades, it is still present in
industrial and urban areas as a toxic environmental
pollutant.** Lead is scattered in working environments due to
its extensive use in industrial areas.’ Generally, increased
concentrations of pollutants in the work environment can
lead to their increase in the human body.” Employees'
exposure to pollutants in industrial environments may
increase absorption of toxins in their body. In turn, this
disrupts their body's physiological processes and leads to
occupational poisoning as well as chronic diseases.”® Lead and
its components are toxic substances that cause toxicity in
peripheral and  cenwal nervous  systems,  kidney,
gastrointestinal system, cardiovascular, internal glands, and
hematopoietic systems due to their accumulation in various
tissues of the body.” Anemia and encephalopathy are
common complications caused by lead exposure.'*"
Reduction of oxygen supply into tissues, weakens and reduces
the body function, decreases blood hemoglobin levels, and
causes anemia.'?

Decreased blood hemoglobin level (lower than 13.7 mg/dl
for women and lower than 12.6 mg/dl for men) and
increased blood hemoglobin level (greater than 14.1 mg/dl
for women and greater than 15.6 mg/dl for men) increase the
risk of mortality rate by 17%." Junco-Munco conducted a
study on 469 Monterry residents in 1996 and showed a
significant correlation between the lead levels in the air of
four urban areas and the levels of blood lead in individuals.”
Exposure to lead metal in mines and workplaces enters lead
into the human blood plasma.> Most researchers have focused
on the relationship between toxic effects of lead and blood
pressure in recent years."*'® According to the statistics, 8% of
adults in the United States have hypertension, which is a
major risk factor for stroke and heart attack.18 Some studies
reported a correlation between lead exposure and changes in
blood pressure.”"” Navas-Acien et al. conducted a study in
2008 and found that exposure to lead and increased lead
accumulation in the blood could increase the blood pressure,
although these changes were low.16 Cheng et al.'s study at
Harvard University showed that respiratory exposure to lead
increased blood pressure even at low concentrations."

Most researchers believe that by doubling the level of lead
in the blood, systolic blood pressure rises from 0.8 to 1.25
mmHg."® Occupational exposure limit for 8-hour respiratory
exposure to lead and its inorganic components is 50
micrograms per cubic meter according to the Iran

Occupational ~ Health ~ Technical ~Committee.  The
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International Agency for the Research of Cancer dassified
lead and its inorganic derivatives under the category 2A
(possibly carcinogenic to humans).”” Given the high exposure
of workers in lead mines, the impact of lead on blood
pressure and many blood parameters, the idea that changes in
blood pressure are among the risk factors for cardiovascular
problems, anemia", and increased death rates”, and the fact
that no study has ever been conducted in this area, this study
was carried out. The aim was to monitor the respiratory
exposure status of lead mine workers and investigate the effect
of lead exposure on workers' blood pressure and blood
components. This study aimed to determining the association
of lead exposure with blood pressure and blood components

in lead mine employees in Isfahan province in 2016.

Methods

Study population

This cross-sectional study was carried out among 187
employees of a lead mine in Isfahan in 2016. Among the
participants, 164 were exposed to lead and 23 were selected as
the control group. All exposed workers were selected from the
operational section of the mine and all participants present in
the non-exposed (control) group were employed in the
administrative department. Participants were fully informed
about the study goals and procedures; later, written consent
forms were collected from them. The Helsinki Declaration
principles were taken into account to carry out the study. The
demographic information as well as medical and occupational
information was collected using case study method and direct
interviews, in some cases. The interviews were recorded in the
information sheet designed to conduct this study. Next, the
medical records of the workers who had no history of
hypertension and specific diseases were collected during the
examination. The participants' age was divided into four
groups of 20-29, 30-39, 40-49, and 50< years. Work
experience was classified into five groups of< 5, 5-10, 11-15,
16-20 years and, above 20 years. According to education
level, participants were divided into four categories of high

school, diploma, associated, and bachelor or above.

Determination of lead concentration levels in the respiratory
zone of personnel

Based on the data obtained from the mean and standard
deviation of previous studies and by dividing workers into
similar exposure groups (SEGs), the number of samples

needed for the present study was determined as 10.
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According to the working hours of the study area, sampling
was petformed from 10 am to 4 pm. Furthermore, 10 blank
samples were considered to determine the possible
contamination levels at the time of sampling and transfer the
samples into the laboratory. NIOSH 7300 method was used
to measure lead concentration in the respiratory area of the
staff.”>  Sampling was performed using cellulose ester
membrane filter with 0.8ym pore size and by personal
sampling pumps (SKC model) calibrated at 2 L/min using a
soap bubble flow meter in the staffs’ respiratory zone. The
sampling lasted about 20 to 40 minutes. After sampling,
filters were transferred to the laboratory and digested in a
mixture of 65% nitric acid and 70% perchloric acid at a ratio
of 4:1 during the sample preparation phase. Moreover, a
flame atomic absorption spectrometer (Varian Spectra AA-

220FS) was used to analyze the samples.

Determination participants' blood parameter

Subsequently, blood samples were collected by a relevant
expert in the workplace. The CBC vials containing EDTA
(anticoagulants) were used to prevent coagulation of the
samples. Later, the samples were transferred to the laboracory
quickly by following the standards and the cold chain for
analysis. Blood cells were measured and counted in the
laboratory by a cell counter. In addition, blood hemoglobin

was measured using an optical absorption photometer.

Determine participants' blood pressure

A mercury barometer was applied to determine blood
pressure. The systolic and diastolic blood pressure was
measured two times for each participant in the sitting
position and after a 10-minute rest; then, their mean was

calculated.

Data analysis

Finally, the data were analyzed using SPSS V22. The
normality of the data distribution was checked using the
Kolmogorov — Smirnov test. One-way ANOVA, two-sample
independent t-test and multiple linear regression were run for
data analysis. Significance level of tests was considered at

0.05.

Results

The results showed that the mean age in the lead-exposed
and non-exposed workers were 34.06 (8.8) and 37.04
(11.48) years, respectively. The 20-29 and 50 years and above
age groups had the highest and lowest frequency with 38%
and 9.1%, respectively. The mean work experience for the
exposed and non-exposed workers was 3.3(3.5) and 3.7(3.8)
years, respectively. In addition, the group with less than five
years of work experience had the highest frequency with
86.6%. As it can be seen from Table 1, most participants
(58.8%) had a diploma degree.

Table 1. Demographic characteristics of the study population (187 persons)

Frequency (%)
Parameters Category Exposed(%) Non-exposed(%)
20-29 63(38.4) 8(34.8)
30-39 56(34.1) 5(21.7)
Age (years old) 40-43 31(19.5) 6(26.1)
50< 13(7.9) 4(17.4)
<5 143(87.2) 19(82.6)
5-10 14(8.5) 1(4.3)
Work Experience (years) 11-15 5(3.0) 3(13.0)
16-20 1(0.6) 0(0.0)
20< 1(0.6) 0(0.0)
High school 43(26.2) 1(4.3)
Education Level Diploma 95(57.9) 15(65.2)
Associate 6(3.7) 2(8.7)
Bachelor's degree or above 20(12.2) 5(21.7)
Smoking Yes 78(47.6) 8(34.8)
No 86(52.4) 15(65.2)
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The mean time-weight average (T'WA) concentration of
lead in the staffs’ respiratory air was 0.0533 mg/m’ and above
the 8-hour occupational exposure limit (50 Pg/m’) (Table 2).
Mean systolic blood pressure was 12.01 (1.3) mmHg in
exposed workers and 11.78 (1.1) mmHg in non-exposed
workers. Mean diastolic blood pressure for exposed and non-
exposed workers was 7.84 (0.71) mmHg and 7.73 (0.54)
mmHg, respectively (Table 3). The age group of above 50
years had the highest mean systolic blood pressure (13.1
(0.15) mmHg) in comparison to other age groups exposed to
lead (Table 4).

The results of statistical tests revealed a significant
correlation between the mean of systolic blood pressure in
0.040).

Furthermore, mean diastolic blood pressure was significantly

lead-exposed and non-exposed workers (P=
different between the exposed and non-exposed groups (P=
0.049). A significant relationship was found between the
systolic blood pressure and age (P= 0.02). The correlation
between the other demographic variables and the recorded
blood pressure values was not significant (P> 0.05). The

simultaneous effects of age and respiratory exposure to lead

on blood pressure were also examined using multiple linear
regression. After adjusting for the confounding variables of
age, work experience, education, and smoking, a significant
relationship was observed between exposure to lead during a
work shift and systolic blood pressure (P<0.05).

The results showed that the average hemoglobin level for
exposure workers was 15.16(2.84) Gm/dl and 16.1(2.2)
Gm/dl in non-exposed staff. Despite the difference, the
results of statistical tests showed no significant difference
between the level of hemoglobin in the exposed and non-
exposed persons (p= 0.079). The mean hematocrit of the
exposed and non-exposed workers was 47.4 (4.5) and 47.7
(7.6) respectively. The results of statistical tests showed no
significant difference in this regard (p= 0.147) in spite of the
small differences between the two groups (Table 5). A
significant  reladonship was observed between work
experience and hemoglobin and hematocrit values. However,
no meaningful reladonship was found between the
participants' age and the level of hemoglobin and hematocrit

(p = 0.08).

Table 2. Results of the lead concentration evaluation in the respiratory area of the participants {10 samples)

Sample number Average concentration(mg/m®)  Standard Deviation Assessment’
1 0.0511 0.019 More than OEL
2 0.0460 0.016 Lower than OEL
3 0.0320 0.026 Lower than OEL
4 0.0670 0.021 Lower than OEL
5 0.0900 0.029 More than OEL
6 0.0010 0.01 More than OEL
7 0.0530 0.013 More than OEL
8 0.0490 0.008 Lower than OEL
9 0.0630 0.023 More than OEL
10 0.0700 0.028 More than OEL
Average concentration 0.0533 0.021 More than OEL

*The occupational exposure limit is set at 0.05 mg/m®.

Table 3. Average systolic and diastolic blood pressure (BP) in study groups

. Exposed Non-exposed *
Variable Average Min  Max Average Min  Max PValue
Systolic BP
(mm/Ha) 12.01 (1.30) 10 16 11.78 (1.10) 9 14 0.040
Diastolic BP
(mm/Hg) 7.48(0.71) 5 9 7.73(0.54) 6 8 0.049

*Two-Independent Sample T-Test
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Table 4. Mean and standard deviation of systolic and diastolic blood pressure of case and control workers based on different age groups

Blood pressure Age categories (year) Exposed Non-exposed P-Value*
20-29 11.87 (1.40) 11.50 (1.06)
Systolic BP 30-39 11.89(1.05) 11.20 ( 0.83) 0.02
(mm/Hg) 40-49 12.09 (1.39) 12.33 (1.75) '
50< 13.00 (1.15) 12.25 (1.50)
20-29 7.87(0.65) 7.75(0.46)
Diastolic BP 30-39 7.75(0.79) 8.00(0.00) 053
(mm/Hg) 40-49 7.9(0.58) 7.83(0.40) '
50< 7.9(0.95) 7.25(0.95)
*One Way ANOVA
Table 5. Values of blood parameters based on the study groups
. Exposed Non-exposed . x
Variable Average Min Max Average Min  Max PValue
Hemoglobin (Gm/dl) 15.16(2.84) 1180 1800 16.10(2.20) 13.80 18.30 0.079

47.40(4.5) 13.90 5490 47.70(7.60) 1550 56.20 0.147
5.00 (4.52) 421 6.28 538(4.61) 440 7.22 0.660

Hematocrit (Ratio)
Red Blood Cells
RBC (Mil/cumm)

Mean Cell Hemoglobin 0 4719 00) 310 3340 30.10(246) 2780 3340  0.290

[ Downloaded from aoh.ssu.ac.ir on 2026-05-08 ]
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MCH {Pg)

Mean Cell Hemoglobin
Concentration

MCHC (g/dl)

30.22(2.38)  29.70

31.90 34.00(6.87) 31.70 35.40 0.890

*Two-Independent Sample T- Test

Discussion

This study aimed to investigate the relationship of
exposure to lead with workers' blood pressure and blood
components in a lead mine in 2016. The mean
concentration of lead in the respiratory zone of mine
workers was 0.053 mg/m3 in winter, which is
approximately 1.07 times higher than the permissible
limit recommended by ACGIH. The mean systolic blood
pressure was 12.01 (1.3) mmHg in exposed workers and
11.78 (1.1) mmHg in those with no exposure. The mean
diastolic blood pressure in the exposed and non-exposed
persons was 7.84 (0.71) mmHg and 7.73 (0.54) mmHg,
respectively. Moreover, a meaningful relationship was
observed between mean systolic and diastolic blood
pressure in both exposed and non-exposed groups (p
<0.05) (Table 3). In the present study, the mean systolic
and diastolic blood pressure of the lead-exposed group was
higher than the unexposed. Nowadays, most participants
focused on the toxic effects of lead on the cardiovascular
system, Therefore, it is required to study the lead effect on
blood pressure and anemia.” Navas et al. (2007) revealed
that respiratory exposure to lead increased the risk of
hypertension in persons.”” Zota et al. found that exposure

to lead caused changes in blood pressure.* Landrigan et

al. reported that hypertension increased due to exposure to
high concentrations of lead.” The results of a cohort study
conducted by Gambelunghe et al. in 2016 showed that
exposure to lead had a significant relationship with
elevated  systolic and  diastolic  blood  pressure.
Furthermore, continued exposure to lead and lead content
eventually led to increased risk of hypertension.”
Moreover, Boukerma et al. investigated 275 workers at an
acid-lead battery factory and showed was a significant
relationship between exposure to lead and elevated systolic
and diastolic blood pressurel?, which is consistent with
the results of the present study.

In our study, systolic and diastolic blood pressure was
higher in the 50-year-old group compared to other age
groups. Results of statistical tests showed a significant
difference between systolic blood pressure and age, while
no significant difference was seen between diastolic blood
pressure and age. Vupputuri et al. in 2003 showed that
systolic blood pressure increased with age.” In the
present study, a slight difference was observed in the
levels of hematocrit, hemoglobin, mean hemoglobin
concentration, and red blood cells between the lead-
exposed workers and non-exposed workers, so that these

parameters were higher in non-exposed individuals. While
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statistical tests did not show any significant differences
between the two groups (Table 5). The hematology
system of the body is one of the most sensitive systems due
to the interference of lead metal in the synthesis of

® A study by Nasiri et al., aimed at

hemoglobin.”
investigating the biological and environmental monitoring
of lead and its effects in the car industry. They showed
that the prevalence of anemia and bone metabolism
disorder was higher in lead-exposed workers than the
control group.” A study by Liu et al., (2014) on preschool
children, found a significant relationship between blood
lead levels and mean hemoglobin levels.”® A study by
Tutuarima et al. in 2018 also showed that lead exposure
had a significant relationship with mean hemoglobin and
hematocrit and lead exposure decreased hemoglobin, red
blood cells, and hematocrit levels, 2! which is consistent
with the results of the present study. Chwalba et al. in
2018 aimed at investigating the relationship between
occupational exposure to lead and blood parameters. They
found a significant relationship between chronic exposure
to lead during one's employment and the number of red
blood cells, hemoglobin, and hematocrit ,*> which is
similar to our results.

No significant relationship was found among education
level, exposure to lead, blood pressure, and blood
parameters. In this study, unlike other studies, no
significant difference was found between the age of
exposure group and the level of their blood hemoglobin
and hematocrit. Increase of age and work experience in
lead mines increased respiratory exposure to this metal,
increased lead accumulation in the bones, and thus made
changes in blood components more evident. Therefore,
lack of correlation of blood components with variables of
age and work experience can be attributed to the low work
experience of lead exposed workers. Previous studies have
shown that at least two years of work experience can lead

to physiological symptoms of lead exposure.”

Conclusion

According to the results, exposure to lead metal can
cause changes in blood pressure and some metabolic
properties. We observed that employees’ exposure to lead
in the studied mine increased by non-compliance with the
hygiene principles at work, increased work experience, and
smoking in such environments. This changed the

participants’  systolic and diastolic blood pressure,

514

hematocrit, and hemoglobin and caused cardiovascular
diseases. Therefore, taking control measures such as
increasing staff break time, conducting periodic
examinations, training courses, and other health care
practices in such workplaces prevents changes in blood

pressure and blood parameters.
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