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Abstract

Background: Lead toxicity has become a growing health concern in countries such as Iran. However, little information is available
on the assessment and evaluation of the health effects of lead exposure in mine workers.
Objectives: The present study assessed the occupational exposure to lead and examine the association of blood lead (PbB) levels
with hematological and kidney function parameters in mine workers.
Methods: In this matched case-control study, the level of PbB was measured in 100 workers (70 exposed and 30 non-exposed), and
then its relationship was evaluated with complete blood count (CBC) parameters, zinc protoporphyrin (ZPP), urea, blood creatinine
levels, urinary δ-aminolevulinic acid (ALA), coproporphyrin, and creatinine levels.
Results: The results showed a linear and significant relationship between the PbB level and B-ZPP, U-ALA, U-coproporphyrin, and
U-creatinine levels in states of PbB levels > 20µg/dL in a time and dose-dependent manner. A significant relationship was observed
between the PbB level and the years of occupational exposure to lead and the B-urea level (P-value < 0.03).
Conclusions: Chronic occupational exposure to lead decreased hematocrit, RDW-CV, MCV, MCH, and HGB values but did not signif-
icantly change RBC counts. Therefore, a regular assessment of routine blood parameters (such as CBC and ZPP) and renal function
indices can be effectively used to monitor the toxic effects of lead exposure.
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1. Background

Workers in their workplace can be potentially exposed
to a wide range of harmful occupational factors, includ-
ing chemicals (dust, gases, and vapors), physical hazards
(noise, ionizing radiation, and inappropriate weather con-
ditions), and psychological and ergonomic factors (stress
and high mental workload). Exposure to these agents can
cause a variety of occupational complications and diseases
in workers, such as respiratory diseases, musculoskeletal
disorders, physiological disorders, and cancers (1-4).

Exposure to lead (Pb) can be the oldest known occu-
pational health hazard. Occupational exposure to lead oc-
curs via the inhalation of lead-containing dust and fumes
and ingestion tracts (eating food contaminated with lead
compounds) (5, 6). Acute or chronic exposure to lead
occurs in various industries such as mining, smelting,

battery, foundry, glass, and ceramics. Lead toxicity has
been reported in different biological systems and func-
tions (7). Overexposure to lead is associated with anemia,
high blood pressure, impotence, infertility, and reduced
sexual performance, as well as damage to the kidneys and
nervous system (8). The carcinogenic effects of lead on hu-
mans are unknown, but the International Agency for Re-
search on Cancer (IARC) has classified lead and inorganic
lead compounds in Group 2B (as possible human carcino-
gens) (9).

It has been reported that acute exposure to a high con-
centration of lead can cause proximal tubular damage, gly-
cosuria, and aminoaciduria. Moreover, chronic occupa-
tional exposure to lead is associated with a high incidence
of renal dysfunction, which is characterized by glomerular
and tubulointerstitial changes (changes in blood and uri-
nary creatinine and blood urea levels), resulting in chronic
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renal failure, hypertension, hyperuricemia, and gout (10,
11).

The critical effects of lead in the body are mainly
attributed to its interference with numerous enzymes
involved in heme synthesis, such as the inhibition
of δ-aminolevulinic acid dehydratase (ALAD), and
changes in some metabolite concentrations (e.g., delta-
aminolevulinic acid in the urine (ALA-U), coproporphyrin
in urine (CP), and zinc protoporphyrin (ZPP) in the blood).
Thus, they can be used as markers for the effects of overex-
posure to lead. Also, lead can shorten the lifespan of red
blood cells (RBCs) and subsequently increase the risk of
reticulocytosis and anemia (12, 13). Although chronic ex-
posure to lead can affect the complete blood count (CBC),
the effectiveness of using these para-clinical markers in
the evaluation of occupational diseases caused by lead
exposure has not been well known (14, 15).

Mining is one of the hard, harmful, and dangerous oc-
cupations, and miners are facing many serious health haz-
ards (16). Iran is home to 68 types of minerals, including
copper, gold, coal, iron, lead, zinc, chromium, molybde-
num barite, salt, gypsum, and rare-earth elements. Iran
has the largest combined reserves of lead and zinc, with 11
million tons of zinc and 222 million tons of lead and zinc
ores (17-19).

Although many efforts have already been made to con-
trol lead exposure in mines, its environmental toxicity and
occupational exposure are still challenging in the United
States of America as a developed country. On the other
hand, lead toxicity is also an important health issue in de-
veloping countries such as Iran, but despite a large num-
ber of mine workers, little information is available on the
assessment of the associated health effects in these work-
ers. This can be due to financial constraints and limita-
tions in access to advanced equipment for the biological
monitoring of environmental and occupational exposure
to toxic metals. Aiming to address the prevalence of lead-
induced disturbances, the present study focused on the bi-
ological monitoring (exposure-effects) of workers in lead
mining enterprises. The selected mine is one of the largest
lead mines in Iran and the only major source of minerals
in this country (Figure 1).

2. Objectives

Due to lead poisoning and its adverse health effects,
this cross-sectional study aimed to assess occupational ex-
posure to lead to examine the association of occupational
lead concentration in blood (PbB) levels and hematologi-
cal parameters and kidney function in mine workers.

3. Methods

3.1. Study Population
This matched case-control study was performed in the

lead mine complex in East Iran in 2018. All male workers
in the mine were included in the study (n = 140). The re-
cruitment and selection of study subjects were based on
their medical history. The exclusion criteria were a work
experience of lower than one year, having a second job,
and having inherited hematological, renal, infectious, al-
lergic, rheumatic, diabetic, hypertensive, and mental- be-
havioral diseases. Finally, 100 participants were found to
match based on age and work experience and divided into
two groups. Totally, 70 workers with occupational expo-
sure to lead were selected as the exposed group, and 30
healthy volunteers without occupational exposure to lead
were selected as the non-exposed group. A self-reporting
questionnaire was used to collect potential confounders.
These factors included age, weight, employment duration,
cigarette use, alcohol intake, and average duration of daily
exposure to lead sources.

3.2. Ethics
The present study was reviewed and approved before

the study began in 2018 by the Institutional Review Board
and Ethics Committee of Larestan University of Medical
Sciences (Ethical code: IR.LARUMS.REC.1396.223), and writ-
ten informed consent was obtained from the participants.
Permission was obtained from the mine authorities, and
the purpose of the study was explained to all participants.
They were also assured of data confidentiality and all sam-
ples and questionnaires were kept anonymous.

3.3. Blood and Urine Sample Collection
All urine and blood samples from the participants were

collected at the end of the workweek shift. Plain tubes were
used to obtain serum samples, and vacuum tubes con-
taining K3EDTA (Frickenhausen, Germany) to collect blood
samples. A 24 h urine collection was done by collecting
workers’ urine in special containers over a full 24 h period.
Urine and blood samples were frozen and kept at -20°C un-
til transfer to a toxicology laboratory for assay.

3.4. Lead Concentration in Blood
An atomic absorption spectrophotometer (model

900T, Perkin Elmer) equipped with Deuterium Back-
ground Corrector and graphite furnace was used to de-
termine PbB concentrations. Blood sample pre-treatment
consisted of a five-fold dilution with a dilute surfactant. Si-
multaneous background correction was used to eliminate
small and non-specific absorption signals from the blood
matrix. The lead levels in blood were accurately measured
in 20 µL blood samples at a wavelength of 283.3 nm.
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Figure 1. Location of study

3.5. Complete Blood Count, Blood Urea, and Urine Creatinine

The CBC was determined using a quantitative auto-
mated hematology analyzer (Sysmex model: XS 800i).
The analysis included white blood cell (WBC) count, RBC
count, hemoglobin (HGB), hematocrit (HCT), mean cor-
puscular hemoglobin mass (MCH), mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin concentra-
tion (MCHC), red blood cell distribution width-coefficient
of variation (RDW-CV), platelet distribution width (PDW),
platelet (PLT) count, mean platelet volume (MPV), neu-
trophil, lymphocyte, eosinophil, and monocyte percent-
ages. The concentrations of blood urea (B-U) and urine
creatinine (U-C) were measured using the colorimetric
method by a UV-Vis spectrophotometric device (Lambda
950, Perkin Elmer).

3.6. Urinary Delta-Aminolevulinic Acid

The urinary δ-ALA concentration was measured using
a High-Performance Liquid Chromatography device (Wa-
ters Alliance: Model 2695) equipped with a fluoromet-
ric detector (Waters Alliance: Model 2475). Urinary delta-
aminolevulinic acid (U-ALA) is converted into a fluorescent
derivative by heating a mixture of the urine sample, di-
luted acetic acid, formaldehyde solution, and acetylace-
tone at 100°C for 10 min. Its derivative was determined sep-

arately using HPLC. The fluorescence intensity was set at
370/460 nm (excitation/emission) (20).

3.7. Urine Coproporphyrin andBlood Erythrocyte Zinc Protopor-
phyrin

High-performance liquid chromatography (Waters Al-
liance: Model 2695) equipped with a fluorometric detec-
tor (Waters Alliance: Model 2475) was applied to determine
the level of urine coproporphyrin (U-C). In this method, 0.5
mL urine was mixed with an equal volume of acetic acid,
and then 25 µL of the resulting mixture was used for CP
analysis. The fluorescence intensity was set at 400/620 nm
(excitation/emission) (21). The concentration of blood ery-
throcyte zinc protoporphyrin (B-ZPP) was determined us-
ing the fluorimetric method (Hemato fluorimeter, Syemex,
XS 1000i). The fluorometric detector determined the ratio
of ZPP concentration as fluorizing substance (594 nm) to
light-absorbing hemoglobin concentration (420 nm), the
results of which were expressed in µg/dL.

3.8. Statistical Analysis

Data analysis was performed using SPSS version 19.0
software. To analyze the collected data, we utilized appro-
priate descriptive and analytical statistics such as mean,
standard deviation, relative frequency, one-way ANOVA,
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Mann-Whitney U test, Kolmogorov-Smirnov (KS) test, Stu-
dent’s t test, Kruskal-Wallis test, and chi-square test. The
values of the correlation coefficient were determined by
Pearson’s correlation and multivariate linear regression
analysis. In the regression analyses, the dependent vari-
able was the PbB. Odds ratios with 95% confidence inter-
vals (CIs) were reported for the investigation of the asso-
ciation between the PbB level and the duration of occu-
pational exposure to lead after controlling for potential
confounders (age, weight, smoking, and alcohol consump-
tion) with rate change of biomarkers level. The level of sig-
nificance was set at P < 0.05.

4. Results

In this study, the mean age of exposed and non-exposed
workers was 34.47 ± 6.73 and the daily exposure time to
lead in exposed and non-exposed workers was 34.47± 6.73
and 34.93 ± 6.68 years (P-value = 0.98). The mean time
of daily exposure to lead in the exposed and non-exposed
workers was 34.47 ± 6.73 and 8.61 and 0.00 h, respectively
(P-value = 0.001). The average body weight of exposed
and non-exposed workers was 70.09 ± 5.82 and 71.15 ±
6.3 kg, respectively (P-value = 0.93). There was no signifi-
cant difference in age and weight between the exposed and
non-exposed groups. Moreover, there was no difference in
smoking behavior between the exposed and non-exposed
groups (P-value = 0.97). As shown in Figure 2, the mean PbB
level was three times higher in the exposed group than in
the non- exposed group (25.88 and 8.50µg/dL, respectively;
P-value < 0.01).

The findings indicated that in the exposed group, some
CBC parameters including HGB (1.76%; P = 0.02), HTC (1.15%;
P < 0.03), MCV (2.67%; P = 0.02), MCH (2.04%; P < 0.002),
MCHC (3.5% (P < 0.001), PLT (4.15%; P < 0.001), RDW-CV
(3.44%; P < 0.002), and PDW (9.37%; P < 0.001) were sig-
nificantly lower than those in non-exposed workers. Fur-
thermore, the levels of WBC, RBC, MPV, eosinophil, and
monocyte were higher in the case group than in the con-
trol group by 6.51% (P < 0.003), 6.33% (P < 0.003), 11.5% (P
< 0.002), 28.76% (P < 0.001), and 11.9% (P < 0.002), respec-
tively (see Table 1).

The results showed significant relationships between
the years of occupational exposure to lead and MCV, MCH,
and PLT levels (P-values = 0.005, 0.005, and 0.005, respec-
tively). Also, there were significant relationships between
the PbB level and MPV and the eosinophil percentage (P-
values = 0.035 and 0.001, respectively) (see Table 2).

The correlation analysis for the case or exposed group
showed a positive correlation between the PbB level and
some CBC parameters such as RBC, WBC, MCHC, HCT, and
MPV. As observed, the levels of these parameters increased

by increasing the PbB levels (R = 0.31, 0.33, 0.15, 0.28, and
0.28, respectively, P-values ≤ 0.045). Also, there were neg-
ative correlations between the PbB level and some CBC pa-
rameters such as RDW-CV (r = -0.20, P-value = 0.05), PDW
(r = -0.57, P-value = 0.03), lymphocyte (r = -0.39, P-value =
0.043), and eosinophil (r = -0.44, P-value = 0.05). The re-
sult showed that the relationships between lead exposure
and MCV, MCH, and PLT depended on the exposure dura-
tion. Thus, with each one-year increase in chronic exposure
to lead, the MCH, MCV, and PLT indices decreased by 0.153,
0.377, and 2.74 units, respectively (Table 2). Moreover, the
results implied that for each unit increase in the PbB level,
the MPV index decreased by 0.02 units and the eosinophil
percentage increased by 0.023 units (Table 2).

The analysis of the data confirmed that all blood syn-
thesis indices (U-ALA, B-ZPP, and U-Coproporphyrin) were
significantly higher in the exposed subjects than in the
non-exposed group (P < 0.001). The concentration of B-
ZPP in exposed workers was twice higher than that in non-
exposed workers (200.57 and 109.77µg/dL, respectively). In
addition, in the non-exposed group, mean U-ALA was 2.6
times higher than in the control group (3.780 and 1.403
mg/L, respectively) (see Figure 2).

Linear regression analysis revealed a positive correla-
tion between the concentration of B-ZPP and some CBC pa-
rameters, including HGB, MCHC, and HCT (r = 0.26, 0.34,
and 0.37, respectively). On the other hand, an inverse re-
lationship was observed between B-ZPP and some CBC pa-
rameters, including MCV, MCH, and PDW. Therefore, the
levels of these parameters decreased with increasing the B-
ZPP level (r = -0.45, -0.37, and -0.29, respectively). Moreover,
the results indicated significant relationships between the
PbB levels and U-ALA, U-coproporphyrin, and B-ZPP (P-value
< 0.001) after controlling for potential confounders (Table
3).

The mean B-creatinine level was higher in the exposed
group than in the non-exposed group (2.09 ± 0.03 and
1.07 ± 0.02 g/L, respectively, P-value < 0.04), and the U-
creatinine concentration was significantly higher in the
exposed group than in the non-exposed group (3.80±0.18
and 1.40 ± 0.17 g/24 h, respectively, P-value < 0.03). The
results demonstrated that regardless of confounding fac-
tors, there was no significant relationship between the PbB
level and B-Creatinine and urea concentrations in mine
workers (r = 0.19 and 0.01, respectively). However, the
results indicated a linear and significant relationship be-
tween the PbB level of mine workers and B-Creatinine and
B-urea concentrations (r = 0.59 and 0.70, respectively).
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Figure 2. The concentration of (A) PbB (5.78 - 33.20 µg/dL), (B) U-ALA (0.0 - 6.28 mg/g crea), (C) B-ZPP (0.0 - 291.98 µg/dL), and (D) U-Coproporphyrin (0.0 - 416.67 µg/dL) in the
exposed and non-exposed groups.

Table 1. Complete Blood Count in the Exposed and non-Exposed Groups and Differences Between the Groups Relative to Each Other

CBC Parameter
Non-Exposed (N = 30) Exposed (N = 70)

Difference (%) Normal P-Value

Mean ± SD Max Min Mean ± SD Max Min

WBC (× 103 /µl) 7.06 ± 0.17 9.20 4.70 7.52 ± 0.16 9.90 4.40 6.51 3.5 - 11 0.003

RBC (× 106 /µl) 5.05 ± 0.08 6.44 4.45 5.37 ± 0.04 6.08 4.83 6.33 3.6 - 6.1 0.003

HGB (g/dl) 15.82 ± 0.23 16.10 12.00 15.54 ± 0.10 17.60 12.80 -1.76 11.5 - 18.8 0.02

HCT (%) 47.69 ± 0.16 53.50 39.40 47.14 ± 0.29 52.70 39.70 -1.15 34 - 54 0.03

MCV (fl) 85.98 ± 1.01 93.40 67.80 83.68 ± 0.59 96.10 70.40 -2.67 80 - 100 0.02

MCH (pg) 28.87 ± 0.43 31.90 20.70 28.28 ± 0.24 32.00 22.70 -2.04 27 - 36 0.002

MCHC (g/dl) 33.27 ± 0.14 34.80 30.50 32.12 ± 0.08 34.90 31.80 -3.45 32 - 36 0.001

PLT (× 103 /µl) 234.63 ± 5.97 294.00 150.00 224.87 ± 6.1 334.0 82.00 -4.15 150 - 450 0.001

RDW-CV (%) 13.35 ± 0.1 14.60 11.60 12.89 ± 0.07 14.70 11.40 -3.44 11.6 - 14.6 0.002

PDW (%) 17.72 ± 0.07 18.60 16.90 16.04 ± 0.07 19.10 16.70 -9.37 7 - 20 0.001

MPV (fl) 8.10 ± 0.16 11.10 7.50 9.03 ± 0.09 11.60 7.30 11.48 6 - 13 0.002

Neutrophils (%) 55.33 ± 1.19 65.00 45.00 55.70 ± 1.13 74.00 38.00 0.66 —– 0.01

Lymphocytes (%) 38.33 ± 1.10 49.00 30.00 38.44 ± 1.08 56.00 21.00 0.3 —– 0.01

Eosinophils (%) 1.46 ± 0.10 3.00 1.00 1.88 ± 0.07 3.00 1.00 28.76 —– 0.001

Monocytes (%) 4.21 ± 0.16 5.00 3.00 4.17 ± 0.09 5.00 3.00 -11.87 —– 0.002

Abbreviations: WBC, White blood cell count; RBC, red blood cell count; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin mass; MCHC, mean corpuscular hemoglobin concentra-
tion; PLT, platelets count; RDW-CV, red blood cell distribution width–coefficient of variation; PDW, platelet distribution width; MPV, mean platelet volume.

5. Discussion

Occupational exposure to toxic metals such as lead pos-
sesses serious health risks. Adverse effects of exposure to

lead on human health are well known. Most previous stud-
ies have reported an association between lead- related dis-
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eases and PbB levels, but some of the relationships have
not posed this association (8, 14, 22-27). Therefore, in the
present matched case-control study, the occupational and
biological exposures to lead were assessed to examine the
association of occupational PbB levels with hematological
parameters and kidney function in mine workers.

There is no safe level of PbB, but significant lead-
induced hematological disorders, like anemia, happen
when the PbB levels are higher than the threshold limits. In
this study, the mean level of PbB in the exposed group was
three times higher than in the non- exposed group. The
overall mean PbB level was estimated to be 33.20 µg/dL for
the studied mine workers (exposed group), and 88.57% of
them (62 workers) had a PbB concentration of higher than
20 µg/dL. Therefore, the mean PbB level in exposed work-
ers was more than the recommended level by the WHO and
ACGIH (20 µg/dL) (28).

Due to the release of lead through smelter emission,
gasoline exhausts, peeling paints, etc., it never disap-
pears completely from our environment. Therefore, in the
present study, the low level of lead in the blood of the non-
exposed group was detected, as well. Exposure of the gen-
eral population to lead mostly occurs through the inges-
tion of contaminated food and drinking water, as well as by
the inhalation of particulate lead in ambient air (29). Lead
enters the bloodstream after it is absorbed. First, lead at-
taches to proteins in the blood and is carried to different
tissues or organs in the body. The high amount of lead in
the blood binds to the red blood cell and impairs the for-
mation of "heme", which is extremely important to life be-
cause it carries oxygen to tissues of the body. Lead inter-
feres with the production of this substance at several dif-
ferent steps (30). In this regard, comparing the obtained
biomarkers in the exposed group and non-exposed work-
ers, some lead-induced changes were approved. Data anal-
ysis showed that in chronic exposure with the PbB level
in the range of 10 to 35 µg/dL, the RBC and HGB changes
in the exposed group relative to the non-exposed group
were 6.33% and -1.76%, respectively. Our finding is consis-
tent with previously published observations (31).

All red cell indices are useful to evaluate the etiology
of anemia. Anemia is defined as a low level of hemoglobin
and is related to a reduced HTC value, which is defined as
the ratio of red blood cell volume to the total blood volume
(14, 32).

Although the mean value of measured CBC parameters
was within the normal range, the values of the mentioned
parameters in some of the exposed workers were lower
than the recommended level. Previous studies have shown
that lead-induced anemia such as microcytic or normo-
cytic, hypochromic can be easily diagnosed at the PbB lev-
els higher than 50µg/dL in adults, and hence chronic expo-

sure to lead did not significantly affect the RBC count; how-
ever seemed that the exposure to lead decreased the levels
of RDW-CV, MCV, HGB, MCH, and hematocrit (HCT) parame-
ters in the exposed group (13, 33, 34). In addition to the de-
creased level of MCHC, the significant correlation between
the PbB levels and U- ALA, U-coproporphyrin, and B-ZPP can
be considered as a warning and the symptom of the begin-
ning of lead-induced heme biosynthesis impairment and
anemia, resulting in the increased levels of urinary ALA
and coproporphyrin in lead mine workers. Based on the
results, it seems that the MCHC index is a more sensitive
marker than the hemoglobin level for the adverse effects
of chronic lead exposure on erythrocytes and hence, it can
be used as a useful parameter during prophylactic medical
examinations of occupationally lead-exposed workers.

Lead generally inhibits the delta-aminolevulinic
acid dehydratase activity, which enhances ALA in blood
plasma and urine, and it is considered the most sensitive
biomarker for the adverse effects of lead exposure. It
should be noted that heme biosynthesis in the human
body is not decreased until ALAD activity is largely inhib-
ited (8, 14). On the other hand, a significant rise in ZPP in
the exposed group indicated the disturbance in the final
step of heme biosynthesis. This finding is in agreement
with the results of other studies (14).

The results of this study indicated that the relation-
ships between lead exposure and MCV, MCH, PLT, MPV,
and eosinophil parameters are dependent on the expo-
sure duration. Therefore, the values of MCH, MCV, PLT, and
MPV indices were decreased with each one-year increase
in chronic exposure to lead, but the eosinophil percentage
was increased. Chronic exposure to lead in the workplace
is associated with an increased risk of anemia. As men-
tioned above, cumulative lead poisoning leads to the dis-
ruption of enzymatic processes in the synthesis pathway of
heme (ALAD enzyme) that subsequently inhibits the abil-
ity to produce hemoglobin. This phenomenon reduces the
number of complete blood cells (such as MCV, MCH, PLT,
and MPV parameters) and increases the risk of anemia (35,
36). Anemia associated with chronic lead exposure is the
result of both interfering with heme biosynthesis and re-
duced survival of red blood cells (24).

Data analysis indicated that the changes in the PbB lev-
els were negatively correlated with the changes in RDW-CV,
PDW, lymphocytes, and eosinophils, but a positive correla-
tion was achieved between the PbB levels and the changes
in RBC, WBC, MCHC, HCT, and MPV. Previous studies (22) re-
ported that the change in the PbB level due to acute lead
exposure was negatively correlated with the changes in
RBC, and positively correlated with the changes in MCV and
RDW-CV. Chronic exposure to lead can cause a decrease in
the level of RDW-CV, MCV, HGB, MCH, and HCT parameters
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in exposed subjects, while it does not significantly affect
the RBC count (13, 33, 34). Acute exposure to lead (PbB levels
≥ 50 µg/dL) quickly affects red blood cells and decreases
their counts shortly after exposure due to the inhibition of
ALAD activity. However, the heme-biosynthesis does not de-
crease until the activity of ALAD is inhibited by 80 - 90% (8).

Katavolos et al. demonstrated that MCHC and
hemoglobin concentrations decreased significantly
with rising PbB concentrations (25). The results of this
study indicated a significant negative correlation between
the concentration of PbB and the Hb and MCV levels after
controlling for potential confounders (age, weight, smok-
ing, and alcohol consumption). This finding may be due
to the effect of chronic lead exposure that inhibits the
production of hemoglobin by interfering with enzymatic
steps in the “heme” synthesis pathway, which decreases
red blood cells, resulting in the increased risk of anemia.
On the other hand, the absorption of lead can cause iron
deficiency in the body, and subsequently increase the risk
of anemia (37).

Anemia may be classified as macrocytic, normocytic,
or microcytic based on the size of red blood cells (MCV),
which is proportional to the amount of hemoglobin per
red blood cells (MCH) (38). Anemia is defined as a low
level of hemoglobin and is related to a reduced HTC value,
which is defined as the ratio of the RBC volume to the total
blood volume (39). Additionally, anemia may be described
as hypochromic when the MCHC value is decreased. Ane-
mia may be associated with anisocytosis when the coeffi-
cient of variation of the red blood cell volume distribution
(RDW-CV) is increased (40).

On the other hand, the kidney is the critical organ
for long-term occupational or environmental exposure to
lead, and excessive exposure may result in nephrotoxic ef-
fects. In this study, renal function was investigated by de-
termining blood urea, creatinine, and urinary creatinine
levels. The results implied a significant correlation be-
tween the PbB level and B- creatinine level and urinary cre-
atinine. Kim et al., in a longitudinal study, reported a sig-
nificant association between the increase of PbB levels and
reduced renal function measured by serum creatinine con-
centrations or creatinine clearance in the general popula-
tion (41). It is worth noting that the simultaneous inhala-
tion exposure to dust of other heavy metals in lead mines
can cause potential or synergist effects on the blood and
kidney disorders. In this regard, the lack of investigating
the effects of other metals on mine workers is considered
a limitation of this study.

As the duration of exposure lengthens, and the worker
is subjected to several active episodes of poisoning, the
creatinine clearance also becomes progressively worse (42,
43). Therefore, in addition to PbB levels, the years of ex-

posure to lead should be considered an important param-
eter in evaluating lead-induced renal disorders. A 10-fold
increase in PbB (e.g., from 3 to 30 µg Pb/dL) was associ-
ated with an increase of 20.9 g/L in B-urea, and each one-
year increase in occupational exposure to lead was asso-
ciated with an increase of 0.508 g/L in B-urea. Previous
studies have reported that the PbB level of 60 µg/dL is
the threshold for proximal tubular damage in both ani-
mal and human studies (33, 44). Human studies showed
that the overall dose-effect pattern suggests an increasing
severity of nephrotoxicity associated with increasing PbB,
with diminished creatinine and urea filtration evident at
PbBs of lower than 10 µg/dL (45).

It should be noted that although the measurement of
the PbB level is introduced as a precise biological expo-
sure index for the evaluation of occupational exposure to
lead, the measurement of this index requires invasive sam-
pling and access to expensive equipment. Excessive costs
and access to advanced laboratory equipment are the most
important restrictions and limitations to the implemen-
tation of biological monitoring for workers in developing
countries; however, in some cases, by focusing on specific
biological exposure indices, the implementation of the bi-
ological processes for workers exposed to hazardous chem-
ical compounds will be difficult (46, 47). Measuring U-ALA
and U-coproporphyrin does not require invasive sampling,
and can be done using routine laboratory equipment. For
measuring B-ZPP, although it requires invasive sampling,
with the availability of routine laboratory equipment, it is
possible to measure it (48). Various studies indicated that
the B- ZPP level is an appropriate indicator for chronic ex-
posure to lead (11, 49). Therefore, if necessary, B-ZPP, U-ALA,
and U-coproporphyrin indices can be effectively used as bi-
ological indicators of chronic exposure to lead.

The strengths of the present study were the evaluation
of various biological indices of hematological parameters
and renal function due to occupational exposure to lead
and the study of the effect of occupational exposure dura-
tion to lead and PbB levels on these biological indices to de-
termine the appropriate biological index. Restrictions and
weaknesses of the present study included the lack of the
measurement of lead concentration in the inhaled air of
workers, lack of measurement of exposure to other heavy
metals, limited number of studied workers, and lack of
measurement of biological indices of hematological pa-
rameters and renal function in the workers of other lead-
contaminated workplaces. We could not control the other
possible sources of lead exposure outside the workplace
and obtain comprehensive information regarding the pre-
vious experience of lead-related work for the participants.
However, it should be noted that for lead-mine workers, en-
vironmental exposure to lead is relatively less severe than
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Table 2. The Changes in Complete Blood Count (CBC) Parameters with PbB Level and
Years of Occupational Exposure to Lead After Controlling for Confounding Factors
(Reference: Non-exposed employees = 1)

Variable OR Adjusted (95% CI a) Std. Error P-Value

WBC

PbB b 0.98 (-0.05 - 3.142) 0.15 0.743

ED c 0.95 (-0.07 - 2.731) 0.32 0.061

RBC

PbB 1.00 (-0.005 - 1.013) 0.005 0.384

ED 1.01 (-0.001 - 1.021) 0.007 0.061

HB

PbB 0.99 (-0.061 - 0.044) 0.026 0.753

ED 0.98 (-0.075 - 0.034) 0.027 0.460

HCT

PbB 0.93 (-0.199 - 0.060) 0.065 0.288

ED 0.96 (-0.194 - 0.190) 0.079 0.639

MCV

PbB 0.99 (-0.395 - 0.100) 0.127 0.265

ED 0.64 (-0.635 - 0.120) 0.130 0.005 d

MCH

PbB 0.98 (-0.143 - 0.064) 0.052 0.447

ED 0.86 (-0.025 - 0.047) 0.053 0.005 d

MCHC

PbB 1.00 (-0.008 - 0.027) 0.009 0.304

ED -0.96 (-0.073 - 0.003) 0.019 0.074

PLT

PbB 0.81 (-0.866 - 3.80) 1.17 0.215

ED 0.89 (-0.830 - 0.66) 0.962 0.005 d

RDW

PbB 1.02 (-0.005 - 0.054) 0.015 0. 070

ED 1.11 (-0.011 - 0.042) 0.013 0.225

PDW

PbB 0.99 (-0.015 - 0.012) 0.007 0.843

ED 1.01 (-0.012 - 0.033) 0.011 0.367

MPV

PbB 0.88 (-0.038 - 0.001) 0.009 0.035 d

ED 1.01 (-0.027 - 0.065) 0.023 0.415

Neutrophils

PbB 0.98 (-0.633 - 0.269) 0.227 0.425

ED 0.99 (-0.472 - 0.232) 0.177 0.50

Lymphocytes

PbB 1.01 (-0.130 - 0.277) 0.103 0.474

ED 0.95 (-0.205 - 1.465) 0.169 0.433

Eosinophils

PbB 1.12 (-0.009 - 0.037) 0.007 0.001 d

ED 1.01 (-0.020 - 0.047) 0.017 0.425

Monocytes

PbB 1.00 (-0.024 - 0.014) 0.01 0.603

ED 0.99 (-0.056 - 0.039) 0.024 0.720

Abbreviations: CI, Confident interval; PbB, Blood lead level.
aAdjusted for age, weight, smoking, and alcohol consumption,
b Blood lead level.
c Years of occupational exposure to lead.
dSignificant correlation at P-value < 0.05.

Table 3. The Changes in the Blood Synthesis and Renal Function Biomarkers with
PbB Levels and Duration of Occupational Exposure to Lead After Controlling for Con-
founding Factors (Reference: Non-exposed employees= 1)

Variable OR Adjusted (95% CI a) Std. Error P-Value

B-urea

PbB b 1.23 (0.031 - 0.388) 0.09 0.022 d

ED c 1.66 (0.251 - 0.917) 0.206 0.015 d

B-creatinine

PbB 0.99 (-0.013 - 0.003) 0.004 0.259

ED 1.00 (-0.013 - 0.060) 0.005 0.492

B-ZPP

PbB 1.57 (5.96 - 9.18) 1.31 0.000 d

ED 0.90 (-3.32 - 3.12) 1.62 0.951

U-ALA

PbB 1.14 (0.106 - 0.164) 0.015 0.000 d

ED 0.99 (-0.081 - 0.035) 0.029 0.436

U-coproporphyrin

PbB 1.82 (15.37 - 19.59) 2.30 0.000 d

ED 1.00 (-4.890 - 6.380) 2.84 0.793

U-creatinine

PbB 1.24 (0.161 - 0.227) 0.022 0.000 d

ED 1.00 (-0.065 - 0.079) 0.063 0.845

a Adjusted for age, weight, smoking, and alcohol consumption.
b Blood lead level
c Years of occupational exposure to lead.
d Significant correlation coefficient at P-value< 0.025.

its occupational exposure.

5.1. Conclusion

Chronic occupational exposure to lead is usually asso-
ciated with a wide range of easily preventable health prob-
lems. Our results demonstrated that lead exposure did
not significantly affect the values of RBC counts but de-
creased RDW-CV, MCH, MCV, HGB, and HCT, and simultane-
ously increased the values of U-ALA, U-coproporphyrin, and
B-ZPP in exposed subjects in a time and dose-dependent
manner. Given these results, a regular assessment of com-
monly available parameters of blood cell morphology and
renal function markers should be performed to monitor
the toxic effects of lead. Therefore, for the early detection
of hematological and renal effects of occupational lead
exposure, it is proposed to study the heme biosynthesis
biomarkers, CBC parameters (especially MCV, MCH, HCT,
HGB, and MPV), creatinine, and urea indices as biological
indicators of chronic exposure to lead.
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