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Abstract

Background: Lead is one of the most widcly used metals in the industries and is cthe amplest metal clement on the Earth’s crust.
This metal disrupts the physiological processes of the body due o its accumulation in various tissucs. The present study aimed
to determining the association of lead exposure with blood pressure and blood compenents of the lead mine employees in
Istahan City, Iran. Methods :In this cross-scctional study, 187 workers were investigated; they worked in the lead mines of
Isfahan from January to April 2016, The staff was divided into two groups: onc was exposed o lead and the other was the
control group. The participants’ general information was collected in worksheets, including age, work experience, work shif,
body mass index, blood pressure, and smoking stacus. Sampling was carried out by active sampling using the NIOSH 7300
mcthod. Blood samples were raken from all participants and their hematological parameters were evaluared, including red blood
cell, placcler count, pereent of lymphocytes, and volume of red blood cells. Results: The participants” age means were 34.06
{8.8) and 37.04 (11.48) ycars in the casc 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, whilc 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 resules showed a significant difference berween the
casc and control groups with regard to their systolic and diastolic blood pressure (£<0.05). Furthermore, no significant
difference was observed berween the lead-exposed and non-cxposed groups with regard o the hemarocric and hemoglobin
levels. Conclusion :According 1o the results, lead cxposure can cause metabolic changes in blood pressure and some of its
features. Considering the importance of this issuc, some preventive mcasures should be taken to maintain and improve the
worker's health and well-being, such as increasing the workers' rest time, performing periodic cxaminations for them, as well as
conducting safety workshops and training sessions.
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Introduction
ctals long-term exposure can lead to significant diseascs.” Lead is onc of the most commonly used metals in
problems.” Some mectals are beneficial to healch, industry and the most abundant heavy meral elemenc on the
while others can causc roxicity and occupational Earth's crust.” although cxposurc o lcad has declined
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dramatically during the last two decades, it is still present in
industrial and urban arcas as a roxic environmental
pollutant.*® Lead is scatrered in working environments due 1o
its exrensive usc in industrial arcas.” Generally, increased
concentrations of pollutants in the work environment can
lead to their incrcase in the human body.” Employees'
cxposure to pollutants in induserial environments may
increase absorption of roxins in their body. In wurn, this
disrupts their body's physiological processes and leads to
occupational poisoning as well as chronic discases.”® Lead and
its components arc toxic substances that cause toxicity in
peripheral  and  central  nervous  systems,  kidney,
gastrointestinal system, cardiovascular, internal glands, and
hematepoictic systems duc to their accumulation in various
tissucs of the body.” Ancmia and cncephalopachy arc
common complications caused by lcad exposure.®"
Reduction of oxygen supply into tissucs, weakens and reduces
the body funcrion, decreases blood hemoglobin levels, and
causcs ancmia, '’

Decreased blood hemoglobin level (lower than 13.7 mg/dl
for women and lower than 126 mg/dl for men) and
increased blood hemoglobin level {greater than 14,1 mg/dl
for women and grearter than 15.6 mg/dl for men} increase the
risk of mortality rarc by 17%." Junco-Munco conducred a
study on 469 Monterry residents in 1996 and showed a
significanc correlation berween the lead levels in the air of
four urban arcas and the levels of blood lead in individuals."?
Exposure to lcad metal in mines and workplaces enters Iead
into the human bloed plasma.” Most rescarchers have focused
on the relationship between toxic effects of lcad and blood
pressure in recent years, *'® According to the sratistics, 8% of
adules in the United Statcs have hypertension, which is a
major risk factor for stroke and heare artack. 18 Some scudics
reported a corrclation between lead exposure and changes in
blood pressure.”'” Navas-Acicn et al. conducred a study in
2008 and found thar cxposurc to Icad 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 exposurce to lead
increased blood pressure even at low concentrations, ™

Most researchers believe thac by doubling the level of Iead
in the blood, systolic blood pressure riscs from 0.8 w0 1.25
mmHg."® Occupational exposure limit for 8-hour respiracory
exposure o lead and its inorganic components is 50
micrograms  per cubic meter  according w the Iran

Occupational  Health  Technical  Commitree. The
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International Agency for the Rescarch of Cancer classified
lead and its inorganic derivadives under the carcgory 2A
(possibly carcinogenic to humans).” Given the high exposure
of workers in Icad mines, the impact of lead on blood
pressurc 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 cver been conducted in this arca, this scudy
was carried out.  The aim was to monitor the respiratory
exposure status of lead mine workers and investigate the effect
of lead cxposure on workers' blood pressure and blood
components. This study aimed to determining the association
of lead exposure with blood pressure and blood components

in lcad mine employees in Isfahan provinee in 2016.

Methods

Studly population

This cross-sectional study was carried ouc among 187
employees of a lead mine in Isfahan in 2016. Among the
participants, 164 werce exposed to lead and 23 were sclecred as
the control group. All exposed workers were sclected from the
opcerational section of the mine and all participants present in
the non-exposed  (control) group were employed in the
administrative department. Participants were fully informed
abour the study geals and procedures; later, written consent
forms were collected from them. The Helsinki Declaradion
principles were taken into accounc to carry our the study. The
demographic information as well as medical and occupational
information was collected using case study method and direer
interviews, in some cascs. The inrerviews 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 discases 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< 3, 5-10, 11-15,
16-20 years and, above 20 years. According to education
level, participants were divided into four categorics of high

school, diploma, associated, and bachcelor or above.

Determination of lead concentration levels in the vespivatory
zone of personnel

Bascd 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 presenc study was determined as 10,
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According to the working hours of the study arca, sampling
was performed from 10 am w 4 pm. Furthermore, 10 blank
samples  were  considered e determine  the  possible
contamination levels ac the time of sampling and transter the
samples into the laborarory. NIOSH 7300 method was used
to measure lead concentration in the respiratory arca of the
staff.”?  Sampling was performed using ccllulose  ester
membrane filer with 0.8um pore size and by personal
sampling pumps (SKC model} calibrated at 2 Limin using a
soap bubble flow mcter in the staffs respiratory zone. The
sampling lasted about 20 o 40 minutes. Afer sampling,
filters were transferred 1o the laboratory and digested in a
mixture of 65% nirric acid and 70% perchloric acid at a racio
of 4:1 during the sample preparation phase. Morcover, a
flame atomic absorption spectrometer {Varian Spectra AA-

220FS) was uscd o 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 laboratory
quickly by following the standards and the cold chain for
analysis. Blood cclls were measured and counted in the
laboratory by a ccll counter. In addition, blood hemoglabin

was measured using an optical absorption photometer,

Determine participants’ blood pressure

A mereury barometer was applicd w0 determine blood
pressurc. The systolic and diastolic blood  pressure was
measurcd two times for cach participant in the sitting
position and after a 10-minute rest; then, cheir mean was

calculared.

Data analysis

Finally, the data were analyzed using SPSS V22, The
normality of the data disribution was checked using the
Kolmogorov — Smirnov test. One-way ANOVA, two-sample
independent t-test and mulriple lincar 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-cxposed 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 experienee for the
exposed and non-exposed workers was 3.3(3.5) and 3.7(3.8)
years, respeetively. In addition, the group with less than five
years of worle cxperience had the highest frequency with
86.6%. As it can be seen from Table 1, most participants
(58.8%) had a diploma degrec.

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

Frequency [%}
Parameters Category Exposed(%) Non-exposed{%)
20-29 63{39.4) 8(34.8)
30-39 56{34.1} 5(21.7)
Age lysars olc] 40-49 310195} 5(26.1)
B0< 13(7.9} 417.4)
<h 143(87.2) 19(92.5)
5-10 14(8.5) 1{4.3)
Work Experience (years) 11-15 53.0 3{13.0
16-20 1{0.6) 0(0.0}
20< 1{0.6} 0(0.0}
High schoal 43{26.2) 1{4.3)
) Diploma 95{57.9) 15(65.2)
Education Level Associate 6(2.7) 28.7)
Bachelor's degree or above 20012.2} 5(21.7)
Smoking Yes 78(47.6) 8(34.8)
No 86(52.4) 15(65.2)

o1
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The mean time-weight average (TWA) concentration of
lead in the staffs’ respiratory air was 0.0333 mg/in’ 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-cxposed
workers. Mcan 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 {131
{0.15) mmHg} in comparison to other age groups exposed to
lcad (Table 4).

The results of statistical tests revealed a significanc
corrclation berween the mean of systolic blood pressurc in
lcad-exposed  and  non-cxposed  workers  (P= 0.040).
Furthermore, mean diastolic blood pressure was significandy
different between che exposed and non-exposed groups (=
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 significanc (P> 0.05). The

simultancous effects of age and respiratory exposure to lead

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

The resules showed that the average hemoglobin level for
cxposure workers was 15.16(2.84) Gm/dl and 16.1(2.2)
Gm/dl in non-cxposed staff. Despite the difference, the
results of statistical tests showed no significanc difference
between the level of hemoglobin in the exposed and non-
exposed persons (p= 0.079). The mean hematocrit of the
exposed and non-cxposed workers was 474 (4.5) and 47.7
(7.6) respectively. The results of statistical tests showed no
significanc difference in this regard (p= 0.147) in spite of the
small differences between the wwo groups (Table 5). A
significanc  rclationship  was  obscrved  berween  work
experience and hemoglobin and hemarocric values. However,
no  meaningful  relationship was  found  between  the
participants’ age and the level of hemoglobin and hematocric
(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 QEL

4 0.0670 0.021 Lower than OEL

5 0.0800 0.029 More than OEL

B 0.0010 0.011 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 hlood pressure [BPY in study groups

] Exposed Non-exposed R
Variable Average Min  Max Average Min  Max Fralue
Systolic BP
1
(mm/Hg) 12.01{1.30) 10 11.78{1.10) 9 14 0.040
Diastolic BP
(mm/Hg) 74810.71) 5 7.7310.54) 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 AValug*
20-29 87 (1.40) 11.50 (1.06}
Systolic BP 30-39 89 {1.05) 11.20 (0.83} 0.02
(mm/Hg) 40-49 2 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
Variable Exposed Non-exposed PValue™

Average Min Max Average Min  Max
15.1642.84) 1180 1800 16.10(2.20p 1380 1830 0.079
47.40{4.5) 13.90 5490 4770{760} 1550 56.20 0.147

5.00 (4.52) 4.2 6.28 538(481) 440 722 0.660

Hemoglohin (Gm/dl)
Hematocrit (Ratio)
Red Blood Cells
RBC (Mil/cumm)

Mean Cell Hemoglobin o0 0010 00 390 3340 30.10{248) 2780 3340 0290

Downloaded from aoh.ssu.ac.ir at 14:37 IRST on Saturday January 9th 2021

MCH [Pg)

Mean Cell Hemoglobin
Concentration

MCHC {g/dl)

3022(2.38) 29.70

31.90  34.00(6.87) 3170 3540 0.590

*Two-Independent Sample T- Test

Discussion

This study aimed to investigate the reladonship of
cxposure to lead with workers' blood pressure and blood
components in a lcad mine in 2016, The mean
concentration of lead in the respiratory zone of mine
workers  was  0.053 mg/m3 in  winter, which s
approximatcly 1.07 times higher than the permissible
limic recommended by ACGIH. The mean systolic blood
pressure was 12.01 (1.3} mmHg in cxposed workers and
11.78 (1.1) mmHg in those with no exposure. The mean
diastolic blood pressure in che exposed and non-exposed
persons was 7.84 {0.71) mmHg and 7.73 {0.54) mmHg,
respectively, Moreover, a meaningful relationship was
obscrved between mean  syscolic and  diastolic blood
pressurc in both exposed and non-exposed groups (p
<0.05) (Table 3). In the present study, the mean systolic
and diastolic blood pressurc of the lead-exposed group was
higher than cthe uncxposed. Nowadays, most participants
focused on the toxic effects of lcad on the cardiovascular
system, Thercfore, it is required co study the lead cffeer on
blood pressure and anemia.” Navas et al. (2007) revealed
that respiratory cxposure to lead increased the risk of
hypertension in persons.™ Zota ct al, found that cxposure

to lead causcd changes in blood pressure,” Landrigan ct

al. reported that hypertension increased due ro cxposure
high concentrations of lead.”” The results of a cohorrt study
conducted by Gambclunghe ct al. in 2016 showed chat
exposurc to lead had a significant relationship with
clevated  systolic  and  diastelic  bleod  pressurc.
Furthermore, continued cxposure o lead and lead content
eventually led 1o increased risk of hypertension.”
Morcover, Boukerma et al. investigated 275 workers at an
acid-lcad battery factory and showed was a significant
relationship between exposure to lead and clevated systolic
and diastolic blood pressurcl?7, which is consistent with
the resules of the present scudy.

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 berween systolic blood pressure and age, while
no significanc difference was seen berween diastolic blood
pressurc 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 hematocerit, hemoglobin, mcan  hemoglobin
concencraction, and red blood cells beeween the lead-
cxposed workers and non-cxposed workers, so thar these

parameters were higher in non-cxposed 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 duc
to the inrerference of lead meral in the synthesis of
hemoglobin.® A study by Nasiri cr al, aimed at
investigating the biological and environmenral monitoring
of lcad and irs effecrs in the car indusery. They showed
that the prevalence of anemia and bone mcerabolism
disorder was higher in Icad-exposed workers than the
control group.® A study by Liu et al., (2014) on preschool
children, found a significant relacionship between blood
lead levels and mean hemoglobin levels.™ A study by
Turuarima et al. in 2018 also showed thar lead exposurc
had a significant relationship with mean hemoglobin and
hematocrit and lead exposure decreased hemoglobin, red

" which is consistent

blood cells, and hemarocric levels,
with the resules 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 beoween chronic exposure
to lead during one's employment and the number of red

4 which s

blood cells, hemoglobin, and hemacocrit
similar to our results.

No significant relationship was found among cducation
level, exposure to lead, blood pressure, and blood
parameters. In this study, unlike other studies, no
significant difference was found berween the age of
exposure group and the level of their blood hemoglobin
and hemarocrit. 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 corrclation of blood components with variables of
age and work cxperience can be artribuced o the low work
expericnce of lead exposed workers. Previous studies have
shown thar ar lcast two years of work expericnee can Icad

to physiclogical symptoms of lcad exposurc. ™

Conclusion

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

participants’  systolic and  diastolic  blood  pressure,

u14

hematocrit, and hemoglobin and caused cardiovascular
discases. Therefore, taking control measures such  as
increasing  staft  break cime, conducting  periodic
cxaminations, training courses, and other health carc
practices in such workplaces prevents changes in blood

pressure and blood parameters.
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