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ABSTRACT

Iron deficiency anemia is the most common nutritional anemia in developed and developing countries. In addition, lead in-
toxication especially in developing countries is an increasing risk for health, because of rapid urbanization and consumption
of leaded fuels. Many studies particularly in children have showed a correlation between iron deficiency and high blood le-
ad concentration. In this study, we have evaluated this association in workers of a car battery manufacturer.
This research was performed on workers who exposed to lead in a factory of car battery of Mashhad, Iran in 2006. Hema-
tological tests including complete blood counts (CBC) and serum ferritin concentration (radioimmunoassay method) were
measured. Blood lead concentration (BLC) was estimated by heated graphite atomization technique of an atomic absorpti-
on spectrophotometer (Perkin Elemer, Model 3030). Results analyzed by the statistical package for social sciences (SPSS,
version 11.5), using statistical tests including independent samples t-test, Mann- Whitney U test, Fisher’s exact test and Pe-
arson's correlation coefficient. P value < 0.05 was considered as a significant level.
Based on clinical (lead line) and laboratory observation, all workers had lead intoxication with mean BLC of 32.2± 13.7 µg/dl.
There were no statistical significant difference on mean BLC in iron deficient (n= 11) and non iron deficient workers (n= 78).
There were also no significant correlation between BLC and either serum ferritin or blood hemoglobin (r= 0.18, p value=
0.091 and r= 0.051, p value= 0.682, respectively).
In this study, we did not observe any correlation between BLC with either serum ferritin or hemoglobin or the other blood
parameters. However, similar research in a larger population is required to make a general conclusion. 
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ÖZET

Akü Sanayiinde Çal›flan ‹flçilerde Demir Eksikli¤i Anemisi ile Kurflun ‹ntoksikasyonu ‹liflkisi

Demir eksikli¤i anemisi, geliflmifl ve geliflmekte olan ülkelerde en çok görülen beslenmeye ba¤l› anemidir. Ayr›ca, kurflun
intoksikasyonu da geliflmekte olan ülkelerde, h›zl› kentleflme ve kurflunlu yak›tlar›n tüketilmesine ba¤l› olarak, artan bir sa¤l›k
problemidir. Baz› çal›flmalarda, çocuklarda yüksek kan kurflun de¤erleri ile demir eksikli¤i anemisi aras›nda korelasyon oldu¤u
gösterilmifltir. Bu çal›flmada akü sanayiinde çal›flan iflçilerde bu korelasyonu araflt›rd›k. Bu çal›flma, 2006 y›l›nda Meflhed ,
‹ran’da akü  fabrikas›nda kurfluna maruz kalan iflçiler üzerinde yap›ld›. Tam kan say›m› ve serum ferritin (radyoimmünoassay)
düzeylerini içeren hematolojik çal›flmalar yap›ld›. Kan kurflun düzeyi atomik absorbsiyon spektrofotometresinde (Perkin Ele-
mer, Model 3030) termal grafit atomizasyon yöntemi ile ölçülmüfltür. 
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INTRODUCTION
Iron deficiency anemia is the most common nutriti-
onal anemia in developed and developing countri-
es.1,2 In addition, lead intoxication especially in de-
veloping countries is an increasing risk for health,
because of rapid urbanization and uses of leaded fu-
els.4,5 During 1976-1980, 78% of the united state
population had blood lead levels > 10 µg/dl, but it
decreased to 20% in 1998.6 In some studies in pedi-
atric group of large crowded cities in Iran, blood le-
ad levels had been >10 µg/dl in 41-75% cases.7,8 Ot-
her studies also showed increase lead intoxication
in some careers such as drivers, painters and wor-
kers of oil related industries.9-11

Both iron deficiency (ID) and lead poisoning are
detrimental to early development and may have las-
ting and profound neurologic and developmental
effects.6,12 Many studies particularly in children ha-
ve showed a correlation between iron deficiency
and high blood lead concentration (BLC).1,5,6,13-15 In
adults, fewer studies have been reported and the re-
sults have been controversial. Because of these
conflict studies, it remains unclear whether ID has
a causal association with lead poisoning or whether
it merely is a marker of high environmental lead ex-
posure. If the association is causative, then preven-
ting ID in target high risk populations might pre-
vent lead poisoning.12 It was thus aimed to study
BLC in the workers of a car battery plant with high
environmental lead exposure and its causal associ-
ation between ID and lead poisoning.

MATERIAL AND METHODS
This study was approved by the research council
and ethics committee of Mashhad University of
Medical Sciences, Iran. In this cross sectional study
following informed consent, all of 105 workers of a
car battery plant have been evaluated. Initially, me-
dical history and clinical examination of the wor-
kers was performed. Duration of occupational lead
exposure, underlying acute and chronic disease and
signs of lead intoxication were investigated and re-
corded. Then blood was drawn and divided into se-
parate tubes for laboratory tests including complete
blood counts (CBC), Hemoglobin, hematocrit, red
blood cells indexes, peripheral blood smear, eryth-
rocytes sedimentation rate, BLC, glucose, urea, cre-
atinin and ferritin concentrations. Whole blood col-
lected for determination of BLC and CBC. BLC
was determined by an atomic absorption spectrop-
hotometer using heated graphite atomization
(HGA) technique (Perkin Elemer, Model 3030).
According to the U.S centers for disease control
and prevention and world health organization stan-
dards, BLC ≥10 µg/dl was defined as lead intoxica-
tion.1,12,16-18 CBC, hemoglobin, hematocrit and red
blood cells indexes including mean corpuscular vo-
lume (MCV), mean corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin concent-
ration (MCHC) were analyzed by a cell counter
(Sysmex K-21, Japan). Hemoglobin <14 g/dl in
males and <12.5 g/dl in females, were defined as
anemia.1 Serum ferritin was measured by radio im-
mune assay method (Kavoshyar reagent-Iran). Fer-
ritin <20 µg/l with normal hemoglobin, was defined
ID.20 Any evidence of acute or chronic infection, le-
ukocytosis, ESR >20 mm/h and ferritin >200 µg/l
were excluded from the study. 
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Sonuçlar, SPSS (V 11.5) program›nda ba¤›ms›z de¤iflkenlerde t-testi, Mann- Whitney U testi, Fisher exact testi ve Pearson
korelasyonu kullan›larak elde edilmifltir. P <0.05 anlaml› olarak kabul edilmifltir. 
Klinik veriler ve laboratuar bulgular›na dayan›larak bütün iflçilerde kurflun intoksikasyonu izlenmifltir. Ortalama kan kurflun
de¤eri 33.2±13.7 µg/dl olarak bulunmufltur. Demir eksekle¤i olan (n= 11) ve olmayan (n= 78) iflçiler aras›nda kan kurflun
de¤erleri aç›s›ndan istatistiksel olarak anlaml› bir fark bulunmam›flt›r. Kan kurflun de¤eri ileserum ferritin düzeyleri ve kan
hemoglobin düzeyleri aras›nda istatistiksel olarak anlaml› bir korelasyon izlenmemifltir (s›ras›yla, r= 0.18, p= 0.091 ve r=
0.051, p= 0.682).
Bu çal›flmam›zda kan kurflun düzeyleri ile serum ferritin, hemoglobin ve di¤er kan parametreleri aras›nda bir korelasyon izlen-
memifltir. Ancak, daha genifl gruplar üzerinde yap›lacak çal›flmalardan sonra genel sonuçlara var›labilece¤i kan›s›nday›z.

Anahtar Kelimeler: Kurflun, Anemi, Ferritin, Demir eksikli¤i, Hemoglobin, ‹ntoksikasyon



Statistical analysis
Results were analyzed by the statistical package for
social sciences (SPSS, version 11.5). In exploratory
data analysis, frequency distributions were used for
continuous variables and cross tabulations for cate-
gorical variables. Difference between the means of
lead in ID and none ID workers was assessed by in-
dependent samples t-test. We also used Mann-
Whitney U test for comparison of BLC in anemic
and non anemic and Fisher’s exact test for assess-
ment of lead line in ID and non ID groups. Correla-
tions between BLC and ferritin, hemoglobin and its
related parameters (MCH, MCV, MCHC) were as-
sessed by Pearson's correlation coefficient. P <0.05
was considered as a significant level.

RESULTS
Following exclusions, 89 workers were studied.
Summary of data in ID and non ID subjects are
shown in Table 1. Mean age of the workers was
around 30 years with no significant difference bet-
ween two groups as shown in Table 1. Out of 89
workers, 85 (95.5%) individual were males and 4
(4.5%) were females. Range and mean (±SD) we-
ight of subjects was 53-93 kg and 69.1 (±10.4) kg,
respectively. The workers have been working abo-
ut 7 hours per day in a duration period from 1 to7
years with a mean (±SD) of 2.9 ±1.6 years in this

factory. Duration of lead exposure between ID and
non ID individuals were not significantly different
Table 1).

In clinical examination lead line in the mouth was
seen in 9% (n= 8) of workers with no significant
difference between ID and non ID workers (p
>0.05). 

All workers (100%) had lead intoxication with me-
an (±SD) BLC of 32.2±13.7 µg/dl, (ranged 10.7-
68.2 µg/dl). BLC was 10-19.9 µg/dl in 21.3%, 20-
39.9 µg/dl in 48.1% and >40 µg/dl in 30.6% (Tab-
le 2). ID (without anemia) was seen in 12.3% (n=
11) of individuals but we did not observe a signifi-
cant difference in BLC between ID and non ID sub-
jects (Table 1). We also didn't find any significant
correlation between BLC and serum ferritin (r=
0.180, p= 0.091). Mean hemoglobin concentration
in males had not significant difference in ID with
non ID workers, but we observe a significant diffe-
rence in MCV between these groups (Table 1).

Anemia was observed in 6.7 % (n= 6) of workers
including 5 males and 1 female, yet BLC in them
did not show any significant difference with non
anemic individuals. In addition, no significant cor-
relations were found between BLC and hemoglobin
(r= 0.051, p= 0.682,), MCV(r= -0.21, p= 0.078),
MCH (r= -0.2, p= 0.106) and MCHC (r= -0.15, p=
0.207) (Figure 1).
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Table 1. General characteristics, hematologic values, serum ferritin and blood lead concentrations in Iron deficient (ID) and non

ID workers

Variable Non ID ID P Value

Age (years) 29.4±5 30.5±10.6 0.674

Exposure duration (years) 3.2±1.7 2.1±0.9 0.162

Hemoglobin (g/dl) 15.6±1.1 14±3.1 0.311

MCV (fl)* 85.4±6.6 79.1±9.4 0.041

RDW (%)** 13.6±0.9 16.4±4.1 0.207

Ferritin (µg/l ) 64.1±33.1 11.8±3.1 <0.001

Lead (µg/dl) 34±14.1 25.4±10 0.055

MCV*: Mean Cell Volume, RDW**: Red cell distribution width



DISCUSSION
Occupational lead poisoning is a health problem in
workers of the factories with lead exposure such as
car battery plant. Lead line is a sign of lead intoxi-
cation which occurs due to lead sulfide precipitati-
on between tooth and gums junctions.21 As a result
of high lead intoxication in workers, lead line was
observed in about 20% of workers.

Many studies particularly in children have revealed
that ID and ID anemia can increase blood lead ab-
sorption in gastrointestinal tract.1,4-6,13-16 Chronic lead
poisoning mainly affects young children because
they have more hand-to-mouth activity and absorb
lead more efficiently than adults.4,5,18 There is a the-
oretical basis for this observation. Iron absorption
from the diet is small and limited. Duodenal ente-
rocytes are responsible for iron absorption. Iron is
transferred across the apical membrane of the ente-

rocyte into the cell using a protein named divalent
metal transporter 1 (DMT1). DMT1 is not specific
for iron; it can transport a wide variety of divalent
metal ions, including copper, zinc and lead. There-
fore, if the iron content of the diet is low, the other
divalent metal ions may be absorbed instead inclu-
ding trace quantities of lead.5,6,19,22 As ID is associ-
ated with pica, there is opportunity for lead to be
absorbed if present because of increased exposure
rather than increased absorption.5,6

In other studies especially in adults, the results are
inconsistent. Although some studies in adults re-
ported higher BLC in low iron status but many ot-
her studies have not shown any association.5,6,12 Oc-
cupational lead exposure is as aerosols that absorb
from the respiratory tract.1 In addition, both dise-
ases do occur more frequently in lower socioecono-
mic classes; thus, the relationship may be secon-
dary to common environmental risk factors, and ID
may therefore merely be a marker of high environ-
mental lead levels.5,12

ID normally develops via successive stages. In the
first stage, iron store and ferritin are depleted and
iron absorption increase but serum iron is suffici-
ent, then in the second stage, serum iron is depleted
and finally in third stage, iron deficiency anemia is
appeared. Thus, serum ferritin measurement is a
good marker of ID, showing iron stores.1,20 Therefo-
re, we measured serum ferrtin as a marker of iron
stores. Ferritin is an acute phase reactant protein
and increase in inflammations13,20, so workers with
any evidences of inflammation were excluded from
this study. We didn't observe a significant differen-
ce on BLC between ID and non ID workers and al-
so could not find any correlation between BLC with
either serum ferritin or blood hemoglobin. (Tab &
Figure 1). Some studies have shown, a negative re-
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Figure 1. Correlation between blood lead concentrations and
hemoglobin levels demonstrated by linear regression line (r=
0.051, p= 0.682).

Table 2. Distribution of workers among degree of lead intoxication

Severity Mild Moderate Severe

BLC* (µg/dl) 10-19.9 20-39.9 ≥40

Percent of workers 21.3% 48.1 30.6

* Blood Lead concentration
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lation between high BLC and hemoglobin and he-
matocrit levels1,23,24, but in spite of lead intoxication
in all of the workers, we did not observe such a cor-
relation. The reasons may be due to low numbers of
workers with ID or short duration of lead exposure
in this study. Longer duration of exposure particu-
larly in high concentration may reveal this correla-
tion. The studies have shown, Hematopoesis affects
in BLC >25 µg/dl, and anemia is appeared in occu-
pational lead exposed subjects with BLC >50
µg/dl.1,23 The US Environmental Protection Agency
suggests a threshold lead level of 20-40 µg/dl for
risk of childhood anemia, but there is little informa-
tion relating lead levels >40 µg/dl to anemia.16 Co-
arse basophilic stippling in peripheral blood smear
is seen in lead intoxication25 but we didn’t observe
it in this study.

Conclusion
In this study, we did not observe any correlation
between BLC with either serum ferritin or hemog-
lobin or the other blood parameters. However, simi-
lar research in a larger population is required to ma-
ke a general conclusion. 
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