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Abstract Lead is one of the most widely scattered toxic

metals in the environment and used by mankind for over

9,000 years. Lead in the environment may be derived from

natural or anthropogenic sources. In humans, lead can

cause a wide range of biological effects depending upon

the level and duration of exposure. The purpose of this

study was to find out the effect of lead exposure on systolic

and diastolic blood pressure, serum calcium, ionized cal-

cium, phosphorus, parathyroid hormone and vitamin D and

examine the overall effect of all these parameters on the

bone mineral density of battery manufacture workers. For

this study ninety battery manufacture workers were selec-

ted and divided in three groups depending upon duration of

lead exposure. Group I—workers with duration of lead

exposure 1–5 years, Group II—workers with duration of

lead exposure 6–10 years and Group III—workers with

duration of lead exposure more than 10 years. Each group

consisted of thirty workers. Thirty age matched healthy

control subjects were taken for comparison. Demographic,

occupational and clinical data were collected by using

questionnaire and interview. The venous blood samples

were collected from the study groups and normal healthy

control group. At the time of blood collection random urine

samples were collected in amber coloured bottles. The

biochemical parameters were estimated by using standard

assay procedures. Statistical analysis of the data was done

using independent student‘t’ test for parametric variables.

Values were expressed as mean ± standard deviation (SD).

P values of 0.05 or less were considered to be statistically

significant. The blood lead levels and urinary lead levels of

all workers were significantly increased (P \ 0.001) in

proportion to the duration of lead exposure as compared to

controls. Systolic and diastolic blood pressure were sig-

nificantly raised (P \ 0.001) in all three study groups of

battery manufacture workers as compared to controls.

Serum Calcium, Ionized calcium, phosphorus were sig-

nificantly decreased (P \ 0.001) in all the three study

groups. Serum vitamin D levels were lowered (P \ 0.01)

and serum PTH was increased (P \ 0.01) in workers as

compared to controls. The results of this study clearly

indicate that the absorption of lead is more in these workers

which adversely affects blood pressure, disturbs calcium

and phosphorus metabolism which further impairs miner-

alization of bone resulting in decreased bone mineral

density observed in these workers. Lead toxicity is still

persistent in battery manufacture workers though they are

using sophisticated techniques in these industries. There is

a need to protect the workers from the health hazards of

occupational lead exposure.
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Introduction

Lead is one of the most widely scattered toxic metals in the

environment and used by mankind for over 9,000 years.

Lead in the environment may be derived from natural or

anthropogenic sources [1, 2]. It is rapidly taken up in blood

and soft tissues (half life 28–30 days) followed by a slower

redistribution to bone (half life 27 years). Dietary and

airborne lead which is not absorbed in GIT is excreted in

faeces [3, 4]. In humans, lead can cause a wide range of

biological effects depending upon the level and duration of

exposure [5].

Lead affects mineral metabolism mainly calcium and

phosphorus by inhibiting 1-a-hydroxylase enzyme in renal

tubules which is required for the synthesis of calcitriol. In

several occupational lead exposure studies it is reported

that lead inhibits the synthesis of calcitriol resulting in

decrease in calcium and phosphorus absorption at intestine

and renal tubules which leads to hypocalcaemia and hyp-

ophosphotaemia. Also it decreases vitamin D and para-

thyroid hormone level [2, 6, 7]. All these effects decrease

mineralization of bone leading to decrease bone mineral

density and increase the risk of osteoporosis in occupa-

tional lead exposed population. Lead also affects on car-

diovascular system and increases systolic and diastolic

blood pressure [8–13].

Many industries are using most sophisticated machin-

eries to reduce lead exposure. A study of clinical signs and

symptoms with blood lead level and relevant biochemical

changes will help to provide important information, for

making suitable changes in the working environment of

industrial workers. Hence aim of the study was to find out

the effects of lead exposure on blood pressure, calcium

metabolism and bone mineral density of battery manufac-

ture workers with respect to duration of lead exposure.

Subjects and Methods

This study comprises ninety lead acid battery manufacture

male workers (Study group) and thirty normal healthy age

and sex matched subjects (Control Group). The study

group subjects were further divided in three groups

depending upon the duration of lead exposure. Each group

includes thirty subjects.

Group I—1 to 5 years lead exposure.

Group II—6 to 10 years lead exposure.

Group III—more than 10 years lead exposure.

All the study group subjects and controls had age in the

range of 20–45 years. Prior to data and biological specimen

collection, factory owners and workers were informed on

the study objectives and health hazards of lead exposure.

Informed consent was obtained from all workers. Demo-

graphic, occupational and clinical data were collected by

using questionnaire and interview. Most of the workers had

major complaints of muscle pains, itchy feeling, mild

fatigue, aggressiveness, irritability, lethargy, poor concen-

tration, abdominal discomfort, etc. The socio-economic

status of all the subjects of the study groups and control

was average. None of the subjects had a past history of

major illness. Dietary intake and food habits of all subjects

were normal. The subjects, who were on drugs for minor

illnesses, were excluded from this study. Non-smokers,

non-alcoholic healthy males, who are occupationally

exposed to lead for more than 6 h per day with the duration

of exposure from 2 to 20 years, were only selected for this

study. The protocol was approved by the institutional

ethical committee. The care was taken during the experi-

mental work according to Helsinki declaration [14].

The systolic and diastolic blood pressure of the workers was

measured in resting condition before the sample collection.

The venous blood samples were collected from the study

groups and normal healthy control group. Each subject was

prepared by cleaning the site with separate spirit swab and

blood was withdrawn by anticubital vein puncture using a

5 ml sterilized disposable syringe with disposable steel

needle and collected in plain screw cap polypropylene test

tube for estimation of biochemical parameters from serum

samples. 2 ml serum was sent to Thyrocare Laboratories

Mumbai for the estimation of Vit.D and PTH. At the time

of blood collection random urine samples were collected in

amber colour bottles to avoid errors from the inadequate

collection of 24 h urine samples from each subject.

Blood lead (Pb–B) and urinary lead (Pb–U) were

estimated by a Perkin Elmer model 303 graphite furnace

atomic absorption spectrophotometer using the method of

Parson et al. [15]. The values were expressed as lg/dl.

The biochemical parameters like serum calcium, phos-

phorus were estimated by using standard assay proce-

dures. Calcium was estimated by Arsenazo III complex

method [16]. Calcium reacts with a dye Arsenazo at

specific pH to form bluish purple colour complex. The

intensity of the colour formed is directly proportional to

the amount of calcium present in the sample. The absor-

bance of the coloured complex is read at 620 nm and

compared with the standard.

Serum ionized calcium was calculated employing the

method of Mclean and Hasting as adopted by Beeler and

Atrou using the following formula [17].

Ionized Calcium mg=dlð Þ¼ SCaðmg=dlÞ�SPrðg=dlÞ�0:33

SPrðg=dlÞþ6

where SCa = Serum total calcium and SPr = Serum total

protein.

66 Ind J Clin Biochem (Jan-Mar 2013) 28(1):65–70

123



The values obtained in mg/dl were converted to Mmol/L.

Serum inorganic phosphorus was estimated by Fiske and

Subbarao method [18, 19]. Inorganic phosphorous com-

bines with ammonium molybdate in the presence of strong

acids to form phosphomolybdate. The formation of phos-

phomolybdate is measured at 340 nm and is directly pro-

portional to the concentration of inorganic phosphorous

present in the serum. Serum PTH and Vitamin D were

estimated by chemiluminescent immunosorbent assay. The

forearm bone mineral density was measured using dual-

energy X-ray absorptiometry and expressed as the T-score

[20].

Statistical analysis of the data was done using students

‘t’ test. Values were expressed as mean ± standard devi-

ation (SD).

Results

Table 1 summarizes the mean values and SD of Pb–B,

Pb–U, systolic and diastolic BP, serum Ca, ionized Ca,

Phosphorus, Vitamin D, PTH and BMD in battery manu-

facturing workers and control group. Figure 1 shows the

percentage change of Pb–B and Pb–U in three groups of

battery manufacture workers with respect to controls.

Figure 2 shows the percentage change of systolic B.P. and

diastolic B.P. in three groups with respect to controls.

Figure 3 gives the percentage change of Serum Ca, ionized

Ca, Phosphorus, PTH and Vitamin D in three groups with

respect to controls and Fig. 4 shows the T-score of bone

mineral density of control and battery manufacturing

workers groups.

Discussion

Blood lead levels were significantly increased by 472, 512

and 572 % (P \ 0.001) in study groups I, II, and III

respectively as compared to controls. Urinary lead excre-

tion were significantly increased by 205, 258, and 350 %

(P \ 0.001) in I, II and III study groups respectively with

respect to controls (Table 1 and Fig. 1). These results

indicate that the absorption of lead is more in all three

study groups resulting in more excretion of lead in urine.

As duration of lead exposure increases it also increases

body burden of lead.

Table 1 Mean values and SD of Pb–B, Pb–U, systolic and diastolic BP, Serum Ca, Ionized Ca, Phosphorus, Vitamin D, PTH and BMD in

battery manufacturing workers and control group

Sl. No. Parameter Control group (N = 30) Battery manufacturing workers (90)

Group I (N = 30) Group II (N = 30) Group III (N = 30)

1 PbB lg/dl 10.2 ± 5.8

(2.0–23.0)

58.37 ± 20.2***

(18.0–80.0)

62.52 ± 15.4***

(26–84)

65.5 ± 18.5***

(59–82.4)

2 PbU lg/dl 6.28 ± 3.83

(1.0–14.0)

19.17 ± 10.5***

(5.0–35.0)

22.51 ± 17.4***

(6–43.4)

28.3 ± 19.5***

(8–50.2)

3 Systolic B.P. mm/hg 115.83 ± 10.5

(110–120)

123.53 ± 9.43**

(120–130)

127 ± 12.41***

(120–140)

130.8 ± 10.5***

(116–150)

4 Diastolic B.P mm/hg 76.98 ± 8.7

(70–80)

80.73 ± 4.3*

(70–92)

87.3 ± 7.7***

(80–110)

90.26 ± 6.55***

(90–110)

5 Calcium mg/dl 9.99 ± 0.43

(9.6–11.0)

8.71 ± 0.6***

(7.0–9.0)

8.2 ± 0.52***

(6.9–9.0)

8.0 ± 0.76***

(6.82–8.8)

6 Ionised Ca mmol/L 2.42 ± 0.10

(2.27–2.67)

2.07 ± 0.14***

(1.68–2.16)

1.9 ± 0.13***

(1.67–2.18)

1.92 ± 0.18***

(1.67–2.14)

7 Phosphorus mg/dl 4.5 ± 0.46

(3.3–5.5)

3.89 ± 0.45***

(3.0–4.7)

3.7 ± 0.36***

(3.0–4.5)

3.65 ± 0.43***

(2.7–4.1)

8 PTH pg/ml (n = 15) 25 ± 12

(12–40)

28 ± 15•

(10–50)

29.5 ± 14•

(12–55)

34 ± 13*

(10–54)

9 Vitamin D ng/ml (n = 15) 13.74 ± 3.8

(9.25–17)

12.9 ± 2.9•

(9.0–18.0)

11.96 ± 3.5•

(8.25–17)

11.76 ± 2.89•

(8.0–17)

10 BMD T -Score [-1.0 -0.843 ± 0.39

(-0.2 to -1.9)

-1.83 ± 0.42

(-1.1 to -2.8)

-2.25 ± 0.62

(-1.5 to–3.4)

Figures without parenthesis indicate Mean ± SD values and those in parenthesis are range of values. * P \ 0.05, * * P \ 0.01, * * * P \ 0.001 as

compared to controls and, •Non significant as compared to controls. PbB blood lead, PbU urinary lead, PTH parathyroid hormone, BMD bone

mineral density
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Battery manufacturing involves the use of metallic lead

for making grids, bearing and solder. Manufacturing pro-

cess is usually manual and involves the release of lead

particles and lead oxides that may cause environmental

pollution and severe lead poisoning. Poor hygiene and

inappropriate protection increases the risk of exposure.

Systolic blood pressure was significantly increased by 7,

10 and 13 % (P \ 0.001) and diastolic blood pressure also

elevated by 5, 13 and 17 % (P \ 0.001) in study groups

I, II, and III respectively as compared to controls (Table 1,

Fig. 2). It indicates that lead affects on cardiovascular

system of these workers, which resulted in the elevation of

blood pressure.

It is reported that long term occupational exposure to

lead is related to a slight increase of systolic and diastolic

blood pressure among workers who had been exposed to

higher level of lead with respect to workers exposed to

lower levels of lead [21, 22]. Schuhmacher [23] showed a

significant rise of blood pressure with the increases in

blood lead levels in 36 male subjects who were occupa-

tionally exposed to lead. Hertz Picciotto [24] suggested a

small positive association between blood lead and blood

pressure in both occupational and general population. Dos

Santos and Maheswaran [25, 26] noted a significant cor-

relation between systolic and diastolic blood pressure and

duration of exposure to lead. These studies suggest that the

blood pressure is correlated with Pb–B and Pb–U. Our

study also indicates that the blood lead levels contribute

independently to the elevation of blood pressure. The

effect of lead exposure on hypertension is usually because

of effects of lead on kidney functions. Kidney compro-

mises and in turn effects on high blood pressure. Hyper-

tension is prominent in workers known to be chronically

exposed to lead [8, 9]. So it is possible that lead

induced nephrotoxicity is a probable cause of secondary

hypertension.

Serum total calcium levels were significantly decreased

by 13, 18 and 20 % (P \ 0.001), and serum ionized cal-

cium levels were also significantly decreased by 14, 18,

21 % (P \ 0.001) in study groups I, II and III respectively

of workers as compared to controls. Serum phosphorus

levels were significantly decreased by 14, 18, and 19 %

(P \ 0.001) in the study groups I, II and III respectively of

battery manufacture workers as compared to controls.

Serum vitamin D levels were significantly decreased by 6,

13 and 14 % (P \ 0.01) in study groups I, II and III

respectively of battery manufacture of workers as com-

pared to controls. Whereas serum parathyroid hormone

levels were significantly elevated by 12, 18, and 36 %

(P \ 0.01) in study groups I, II and III respectively of

battery manufacture of workers as compared to controls

(Table 1, Fig. 3).

Decreased serum total Ca, ionized Ca, and phosphorus

in battery manufacture workers may be due to increased

blood lead because lead inhibits 1-a hydroxylase enzyme in

renal tubules, which is required for calcitriol formation.

Calcitriol plays a crucial role to maintain homeostasis of

calcium and phosphorus metabolism, it stimulates the

synthesis of calcium binding proteins in intestine, which

are required for absorption of calcium across small intes-

tine. It also facilitates absorption of calcium and phos-

phorus at renal tubules. In this study increased blood lead

may decrease calcitriol concentration resulting in hypo-

calcaemia and hypophosphatemia [27, 28]. This decreased

calcium level confirms earlier experimental and clinical

reports and reflects perturbation of calcium metabolism due

to lead [10, 29, 30]. Lead is a biochemical analogue of

calcium, thus it interferes with calcium in several meta-

bolic pathways. Our study also shows the interference of

lead with the final metabolism of vitamin D to the active

metabolite, calcitriol (1,25-DHCC), a hormone required for

adequate calcium absorption.
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The mechanism of the reduction of ionized calcium is

still not clearly understood. It can be speculated that

parathyroid hormone (PTH) which has a more direct effect

on ionized calcium is also perturbed by the elevated lead

level [10]. It indicates that lead is an endocrine modulator

and thus a candidate for the endocrine disruptors group. We

measured serum vitamin D and parathyroid hormone in

selective 15 battery manufacture workers from each group

whose serum total calcium and phosphorus drastically

decreased at 1–5 years, 6–10 years and more than 10 years

lead exposure. Estela Kristal-Bouneh reported that the

levels of both Vit.D and PTH were significantly increased

in the occupational lead exposed workers which helped in

maintaining the normal serum calcium levels in those

workers [28]. Our results are contrary to this report. The-

oretically at high blood lead level active vitamin D3 (cal-

citriol) concentration decreases due to inhibition of 1-a-

hydroxylase enzyme in renal tubule resulting in hypo-

calcaemia which further stimulates secretion of PTH.

Therefore a detail research work with more samples is

necessary to rule out the possibilities of decreased serum

total calcium and phosphorus in this study.

T-score of bone mineral density of control was more

than (-1.0). The battery manufacture workers exposed to

lead from 1 to 5 years had the mean T-score of bone

mineral density (-0.843), those exposed to lead from 6 to

10 years had (-1.83) and those who were exposed to lead

for more than 10 years had mean T-score (-2.25)

(Table 1, Fig. 4). Calcium and phosphorus are mainly

required for bone mineralization. Several studies reported

that elevated blood lead causes hypocalcaemia and hypo-

phosphotaemia in occupational lead exposed population

[29, 30]. Therefore we measured the bone mineral density

in battery manufacture workers with 1–5 years, 6–10 years

and more than 10 years lead exposure groups and found

significantly decreased bone mineral density in all the three

lead exposed study groups. Decreased bone mineral density

in this study group clearly indicates that lead affects the

mineral metabolism at absorption level.

In conclusion the study clearly indicates that Systolic

and diastolic blood pressure was significantly high in bat-

tery manufacture workers as compared to controls, which

indicates adverse effects of lead on cardiovascular system.

Lead impairs normal kidney functions which may result in

secondary hypertension. Significantly decreased total cal-

cium, ionized calcium, phosphorus, vitamin D and bone

mineral density and significantly increased PTH is

observed in battery manufacture workers as compared to

control group. It may be due to inhibition of 1-a hydrox-

ylase enzyme in renal tubules. Lead causes nephrotoxicity

and inhibits 1-a hydroxylase enzyme which leads to

decreased calcitriol synthesis resulting in impaired calcium

and phosphorus absorption across GIT and renal tubules.

Significantly increased PTH in both study groups might be

due to hypocalcaemia and hypophosphatemia.

This study will be useful to create awareness about

health hazards related to lead exposure among occupa-

tionally lead exposed population. This study emphasizes

that lead toxicity is still persistent in battery manufacture

workers though sophisticated techniques are used in these

industries. Lead toxicity will be present in these workers

unless they take proper precautions to reduce lead expo-

sure. Best remedy for reducing lead toxicity is by changing

their occupations but it is highly impossible for these

workers to leave their job because their whole family is

dependent on them and getting new job is also very diffi-

cult nowadays. There is a need to protect the workers from

the health hazards of occupational lead exposure.
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