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Abstract 
Background: Heavy metals are the major sources 
of globally distributed pollutants in our environment 
and account for substantial portion of many disorders 
in the body. This study investigated the levels of some 
heavy metals; mercury (Hg), lead (Pb), cadmium 
(Cd) and arsenic (As) as well as assessed the kidney 
and liver function tests in industrial workers who 
have been occupationally exposed. 
Method: Six millimeters of blood specimen were 
collected into non-anticoagulant bottles from a total 
number of 111 participants (industrial workers and 
control subjects). The participants were grouped into 
Groups 1, 2, 3 and control. The heavy metals (Hg, 
Pd, As and Cd) were a n a l y z e d u s i n g a tomic 
abso rp t i on s p e c t r o p h o t o m e t e r . S c r u m u r e a , 
creatinine, alkaline phosphatase, aspartate amino 
transferase, alanine amino transferase, conjugated 
bilirubin and total bilirubin were determined using 
spcctrophotomctric methods. 
Results: The results showed significant increases 
(p<0.05) in the levels of the heavy metals in the 
industrial workers compared with that of control. The 
mean levels of Pb in Groups 1,2, and 3 were 15.81 
±6.00, 17.53 ±5 .20 , 19 .40± 4 . 4 0 respect ive ly 
compared with the control (4.20± 2.40). These levels 
of Pb arc higher than the levels set by the Agency 
for Toxic Substance and Disease Registry and Center 
for Disease Control (10 f.ig/dl). 
Conclusion: It was concluded that chronic exposure 
to these heavy metals may predispose the industrial 
workers to serious adverse health effects. 

Keywords: Heavy metals, lead, mercury arsenic, 
cadmium 

Resume 
Contexte: Lcs mctaux lourds sont les principalcs 
sources dc polluants distribucs mondialcmcnt dans 
notrc cnvironncment cl rcprescntcnt line part ie 
substanticllc dc nombrcux troubles dans 1c corps. 
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Ccttc etude a ctudic lcs nivcaux dc certains mctaux 
lourds; Lc mcrcurc (Hg), 1c plomb (Pb), 1c cadmium 
(Cd) ct Parscnic (As) ainsi que revaluation des tests 
dc la fonction renale ct hepatique chcz lcs travaillcurs 
industricls qui ont etc exposes au travail. 
Methode: Six millimetres d'cchantillons dc sang ont 
etc rccucillis dans des boutcillcs non anticoagulantcs 
d 'un nombrc total dc 111 participants (travaillcurs 
industricls ct sujets tcmoins). Lcs participants ont 
ctc regroupes en groupc 1, 2, 3 ct controlc. Lcs 
mctaux lourds (Hg, Pd, As ct Cd) ont etc analyses 
en utilisant un spcctrophotomctrc a absorption 
a t o m i q u c . L ' u r c c scr ique , la c rea t in ine , la 
phosphatase alcalinc, Paspartatc amino-transferase, 
l'alaninc amino-transferase, la bilirubinc conjugucc 
ct la bilirubinc totalc ont etc dctcrminccs a 1'aidc 
des methodes spectrophotometries. 
Resultats: Lcs r e su l t a t s ont mon t r c des 
augmentat ions significativcs (p <0,05) dans lcs 
nivcaux des mctaux lourds chcz lcs travaillcurs 
industricls par rapport a ccux du controlc. Lcs 
nivcaux moyens dc Pb dans lcs groupes 1,2 ct 3 
ctaicnt 15,81 ± 6,00, 17,53 ± 5,20, 19,40 ± 4,40 
rcspcctivcmcnt par rapport au tcmoin (4,20 ± 2,40). 
Ccs nivcaux dc Pb sont supcricurs aux nivcaux fixes 
par FAgcncc pour lcs Substanccs Toxiqucs ct lc 
Rcgistrc des Maladies ct lc Centre dc Controlc des 
Maladies (10 Mg/dl). 
Conclusion: On a conclu que P exposition chroniquc 
a ccs mctaux lourds pour ra i t p rcd isposcr lcs 
travaillcurs industricls a des cfTcts ncfastcs graves 
sur la santc. 

Mots-clcs: Met aux lourds, plomb, mercure, arsenic, 
cadmium 

Introduction 
Heavy metals arc the major category of globally 
distributed pollutants in our environment and they 
cause serious health effects such as rcduccd growth 
rate and development, canccr, organ damage, nervous 
system damage ctc. Heavy metal poisoning could 
result from drinking contaminated water; for instance 
water from lead pipes [ 1 ]. Possible exposures to these 
me ta l s have resul ted in health p rob lems | 2 j . 
However, for the maximum protection of human 
health, the Centre for Disease Control and Agency 
for toxic Substancc and Disease Registry have set a 
reference value for the exposure to these metals. Lead 
< 10fig/dl, mercury <0. ng/dl, cadmium < 0.5j4g/dl 
and arsenic < 0.01 jig/dl [3,4]. Thus, exposure to these 
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heavy metals above the reference value is liable for 
causing serious health effects. Lead has been shown 
to interfere with DNA transcription, enzymes, 
neurons, and heme synthesis [5,6]. Lead may also 
be harmful to the developing immune system, 
causing production of excessive inf lammatory 
proteins which is a risk fac tor for as thma 
development in children [7]. Mercury is capable of 
inducing a wide range of clinical presentations such 
as fatigue, anxiety, depression, odd paresthesias, 
weight loss, memory loss, and d i f f i cu l ty in 
concentrating and these arc the symptoms of low-
grade chronic mercury exposure. Mercury also exist 
in various forms (mcrcurous and mercuric) and they 
have the ability to deposit in most parts of the human 
body [8,9]. Acute poisoning with mercuric salts 
( typical ly HgCl , ) genera l ly ta rge ts the 
gastrointestinal tract and the kidneys. Extensive 
precipitation of cntcrocytc proteins occurs, with 
abdominal pain, vomiting, and bloody diarrhea with 
potential necrosis of the gut mucosa. This may 
produce death cither from peritonitis or from septic 
or hypovolemic shock [8]. It was reported that 
chronic low level mercury exposure in workers from 
a mercury recycling plants was associated with visual 
disturbances but not neuropsychological changes 
[10]. Arsenic exposure comes with immediate 
symptoms like abdominal pains, vomiting and 
diarrhea. It also a fleets the skin severely leading to 
skin pigmentation, lesion, hand patches on the palms 
and soles of the feet and different types of cancer 
result on further exposure [11-13]. Cadmium can 
affect several organs when they arc exposed to 
increased or accumulated quantities. Cadmium 
affects the kidney primarily because the kidney 
tubules receive much of the toxic effects although it 
has toxic effects on other parts of the kidney [14-
16]. Cadmium can also induce bone damage as well 
as a f fec t the p l acen ta , l iver, lungs and the 
reproductive system causing infertility [17-21]. 
Therefore, the study aimed at investigating the levels 
of some heavy metals: lead, mercury, cadmium and 
arsenic as well as the kidney and liver function tests 
in industrial workers who have been occupationally 
exposed. 

Materials and methods 
Participants 
The design of the study was approved by the Ethical 
committee of the Faculty of Health Sciences and 
Technology, College of Health Sciences, Nnamdi 
Azikiwe University, Awka, Anambra State, Nigeria 
and in fo rmed consen t w a s received f rom all 
participants before the commencement of the work. 

A total of 131 participants comprising 81 industrial 
workers from three different companies and 30 
control participants were investigated. The industrial 
workers were grouped into three groups (Groups 1, 
2 and 3) according to their industries. Group I consist 
of 40 participants working in a leading automobile 
oil producing industry and they arc involved in the 
production of engine oils used by cars of different 
types, big t rucks, motorbikes , and generator of 
d i f f e r e n t s i zes . T h e w o r k e r s in g r o u p 2 (31 
participants) were involved in producing vegetable 
oil and soap. Group 3 (30 participants) comprise 
those who were involved with the recycling of lead 
f r o m lead p r o d u c t s , lead d a m a g e d batteries, 
processing and crushing of battery plastic containers. 
The recycled lead is used to produce battery locally 
while some arc exported abroad while the crushed 
plastic battery containers arc transported and sold 
to p l a s t i c p r o d u c i n g i n d u s t r i e s . T h e control 
participants (30) were apparently healthy subjects 
who have not been occupationally exposed to heavy 
metals. Six millimeters of blood specimen were 
collected f rom the p a r t i c i p a n t s into plain non-
anticoagulant bottles after they gave their consents. 
The serum was separated into another clean container 
before analysis. 

Determination of heavy metals 
Scrum levels of the metals (Hg, Pd, As and Cd) were 
d e t e r m i n e d w i t h f l a m e a t o m i c absorption 
spectrophotometer (AAS) using a direct method [22]. 
The method is based on the principle that atoms of 
the element when aspirated into AAS vaporized and 
absorbed light ol the same wavelength as that emitted 
by the element when in the cxcitcd state. 

Estimation of Alkaline phosphatase (ALP) 
ALI at an a l k a l i n e pi I h y d r o l y s c s di-sodium 
phenylphosphalc to form phenol. The phenol formed 
reacts with 4-aminoant ipyr inc in the presence of 
potassium fcrricyanidc as an oxidising agent, to form 

ted colour complex. The intensity of the colour 
foimcd is directly proportional to the activity of ALP 
present in the sample [23). 

Estimation of Aspartate (AST) and Alanine (ALT) 
am in i transferases 
Amino group is cnzymatically transferred by AST / 
ALT present in the sample from L-aspartatc/alanine 
to the ca rbon a tom of 2 -oxog lu ta ra tc yielding 
oxaloacctatc / pyruvate and L-glutamatc. AST/ ALT 
a c t i v i t y is m e a s u r e d by the concentra t ion ol 
oxaloacctatc/ pyruvate hydrozone formed from the 
icaction with 2,4- dinitrophenyl hydrazine [24]. 
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Determination of conjugated and total bilirubin 
Bilirubin in the sample reacts with diazot ized 
sufphanilic acid to form the purple colour 
azobilirubin (direct bilirubin). In the presence of 
methanol, the same reaction is used to measure total 
bilirubin. The intensity of the colour produced is 
directly proportional to bilirubin concentration [25]. 

Determination of serum urea 
Urea reac t s wi th d iacc ty l m o n o x i m e at h igh 
temperature in an acid medium at high temperature 
in the p r e s e n c e of c a d m i u m ions and 
thioscmicarbazidc. The absorbancc of the red colour 
produced is measured in a spectrophotometer and it 
is directly proportional to the concentration of urea 
in the sample [26]. 
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Determination of serum creatinine 
Creatinine reacts with picric acid in alkaline medium. 
The absorbancc of the ycllow-red colour produced 
is measured spcctrophotomctrically [27]. 

Stat is ti c a I anal\ sis 
T h e Mean and Standard Deviation (SD) were 
calculated for each parameter using Statistical 
Package for Social Sciences (SPSS version 17.0). 
Differences in the means for each parameter between 
the two groups were compared using analysis of 
variance (ANOVA). 

Results 
The mean scrum levels of the heavy metals in the 
workers from the industries as well as Control 
participants arc presented in Table 1. Mercury in 
groups 1 and 2 were significantly higher (p<0.05) 
compared to group 3 and control. Table 2 shows the 

Tabic 1: The levels of Lead, Mercury, Cadmium and Arsenic in the Industrial workers and control participants 

Parameters Group 1 Group 2 Group3 Control F-valuc P-valuc 
Mean ± SD Mean ± SD Mean ± SD Mean ± SD 
N=40 N=31 N=30 N=30 

Lead (ng/dl) 15.81 ±6 .00 17.53 ±5.20 19.40 ±4.40 4.20 ±2.40 23.342 0.000* 
Mcrcury(ng/dl) 0.73 ± 0.03 0.75 ±0.03 0.24 ± 0.20 0.04 ±0.01 20.430 0.000* 
Cadmium (jig/dl) 0.10 ±0.02 0.10 ±0.04 0.20 ±0.20 0.05 ± 0.05 6.255 0.001* 
Arscnic (ng/dl) 0.06 ± 0.02 0.05 ±0.01 0.14 ± 0.12 0.03 ±0.01 17.807 0.000* 

* = Signijicant at p<0.05 

Tabic 2: Kidney and Liver function tests in the industrial workers and control subjects 

Parameters Group I 
40 

Group 2 
31 

Group 3 
30 

Control 
30 

F value P value 

Scrum urea 
(mmol/L) 
Serum creatinine 
(nmol/L) 
Serum alkaline 
phosphatase (IU/L) 
Scrum aspartate 
aminotransferase 
(IU/L) 
Scrum alanine 
aminotransferase 
(IU/L) 
Scrum conjugated 
bilirubin (pmol/L) 
Scrum total 
bilirubin (junol/L) 

4.63 ±1.25 

72.50±20.18 

68.93± 13.17 

8.65 ±2.34 

9.08±4.52 

2.59 ±0.14 

11.60 ±0.57 

6.35± 1.33 4.30 ±1.01 

116.32i44.52 85.23±22.85 

72.90 ± 14.10 71.35± 13.72 

9.07 ±2.10 8.13±2.06 

8.84±2.53 

3.53 ±4.09 

11.71 ±0.68 

7.23 ±2.62 

4.44±1.32 19.847 

91.50±29.23 13.155 

70.20± 16.26 0.495 

8.92 ±2.00 1.357 

7.01 ±2.10 3.992 

0.000* 

0.000* 

0.687 

0.259 

0.009* 

2.63 ±0.18 2.55±1.19 1.798 0.150 

11.33 ±0.65 10.02 ±1.84 18.460 0.000* 

* = Signified lit at !><(). 05 
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kidney and l iver func t i on tes ts in the indus t r i a l 
workers . There were significant d i f fe rences in the 
levels ol s c r u m u rea , c r ea t i n ine , a l a n i n e a m i n o 
t r a n s c f c r a s c and to ta l b i l i rub in in the indus t r i a l 
workers compared with control . 

Discuss ion 

Heavy metals a rc potential ly dangerous to health and 
prolonged exposure can cause d a m a g e to the o rgans 
ol the body. M a n y industrial workers a r c not a w a r e 
of t he r i s k a s s o c i a t e d w i t h t h i s o c c u p a t i o n a l 
exposure . Previous workers have shown increased 
levels of heavy metals in mechanical industries and 
vehicle construct ion industr ies which use metals like 
chromium, lead zinc, coppcr , manganese and nickel 
[28 ] . T h e f i n d i n g o f h igh levels of lead in t h e 
industr ia l worke r s cou ld be a t t r ibuted to the r a w 
mater ia l (Pb ) that is common ly used. O n e o f the 
industries is involved in the recycling and product ion 
of pure lead and la id batteries. This industry rccyclcs 
lead f rom used and damaged motor batteries. S o m e 
of this recycled Pb is a lso exported ab road whi le 
some arc used locally for the production of motor 
bat teries. 

Consequent ly , these workers may get exposed 
to lead either through ingestion (hand- to -mouth or 
contaminated food), inhalation through the lungs or 
through the skin. T h e relative high values of lead 
observed in the industr ia l workers could a l so be 
a t t r ibuted to toxic was te chemicals , d r ink ing and 
bath ing f rom the borehole water inside the industr ies 
[1]. This water is run through lead pipes to prevent 
rus t ing b c c a u s c this wa te r is mainly used for the 
cool ing of their machines and other purposes . Th is 
f inding is in line with previous report [29] which 
showed increases in the level of lead in the sub jec t s 
investigated. T h e high level of mercury observed in 
this s tudy is in line with the findings o f increased 
mercury in industrial workers [10]. This could have 
been encountered du r ing the course of work ing with 
some clcctr ical-cquipmcnts and in some chemica ls 
[30]. Human toxicity has been shown to vary with 
the f o r m s o f m e r c u r y , the d o s e and the r a t e o f 
exposure . T h e target organ for inhaled mercury vapor 
is pr imar i ly the brain. Mcrcu rous and mercur ic sa l t s 
ch i e f ly d a m a g e the gut l in ing a n d k idney w h i l e 
methyl mercury is widely dis t r ibuted throughout the 
body [31 ]. 

O c c u p a t i o n a l e x p o s u r e to c a d m i u m a n d 
c h r o m i u m has been repor ted in di f ferent w o r k e r s 
such as electroplat ing, steel making, leather tanning, 
p h o t o g r a p h y , d y e i n g and chemica l m a n u f a c t u r e 
opera t ions 128]. T h e high level of c a d m i u m found 
in the industrial worke r s can possibly be a t t r ibuted 
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to the in t roduct ion ol c a d m i u m in the environment 
th rough s e w a g e s ludge , fer t i l izer a n d g round water 
leading to the c o n t a m i n a t i o n o f v e g e t a b l e s and food 
crops. Th i s is b c c a u s c a larger n u m b e r o f the workers 
live a round the indus t r ies and h a v e f a r m Kinds where 
t h e y c u l t i v a t e c r o p s . T h e c o n s u m p t i o n of the 
c o n t a m i n a t e d f a r m p r o d u c t s m a y p o s s i b l y lead to 
cadmium exposure [32]. Fur the rmore , the significant 
level o f arsenic in the workers could possibly be due to 
effluent f rom industrial waste , pe t rochemicals and fuel 
which arc common sou rce o f a r sen ic . These workers 
m a y get e x p o s e d to A r s e n i c d u r i n g lead smelting 
bccausc arsenic is a content o f smel ted lead [33]. 

T h e result f r o m the s t u d y a l s o s h o w that out 
o f the four tested heavy m e t a l s ( P b , H g , Cd and As) 
in t h e v a r i o u s g r o u p s ; l e a d h a s t h e grea tes t 
c o n c e n t r a t i o n in t h e i n d u s t r i a l w o r k e r s when 
c o m p a r e d wi th the r e f e r e n c e v a l u e s [3 ,4] . This is in 
line with the r epor t w h i c h s t a t e d tha t a m o n g the 
heavy meta ls , t hose h a v i n g t he m o s t ser ious health 
implicat ions a r e a r sen ic , lead, c a d m i u m , and mercury 
[34] . Lead has been r e c o g n i z e d f o r centuries as a 
c u m u l a t i v e g e n e r a l m e t a b o l i c p o i s o n [35] . It is a 
neurotoxin and it is r e s p o n s i b l e for neurological signs 
such as pa ins , m u s c l e w e a k n e s s , men ta l problems 
a n d s y m p t o m s a s s o c i a t e d w i t h a b d o m i n a l pains, 
nausea , vomi t ing d i a r r h e a [7]. A l t h o u g h Mercury, 
C a d m i u m a n d Arsen i c p o s e m a j o r heal th problems 
as ear l ier ment ioned , the levels o b s e r v e d in this study 
w c i e min imal in the indiv idual w o r k e r s as to cause 
se r ious heal th p r o b l e m s . 

I lie s e r u m urea a n d c r e a t i n i n e levels showed 
s igni f icant inc reases in G r o u p 2 when the levels in 
t he i n d u s t r i a l w o r k e r s w e r e c o m p a r e d with the 
con l io l . I he result is in line wi th a previous report 
wh ich s h o w e d that e x p o s u r e to h e a v y metals can 
c a u s e v a s c u l a r or rena l d a m a g e [36] . Long term 
c x p o s u i e to heavy m e t a l s h a v e been linked to various 
compl i ca t i ons such a s rena l d y s f u n c t i o n , joints and 
i c p i o d u c t i v c s y s t e m s , c a r d i o v a s c u l a r sys tem and 
a c u t e and c h r o n i c d a m a g e to the cent ra l nervous 
sy s t em (C N S ) and per iphera l ne rvous system (PNS) 
137 ,38 ] . A m o n g the l iver f u n c t i o n tests , alanine 
a m i n o t r a n s c f c r a s c s h o w e d s ign i f i can t increase in 
G i o u p s I and 2 when the industr ia l workers were 
c o m p a r e d wi th t he c o n t r o l . To t a l b i l i rub in also 
s h o w e d s ignif icant increase in the industrial workers 
c o m p a r e d with the control . T h i s implies that there 
may be liver involvement espec ia l ly during a long 
l e im e x p o s u r e and at higher concent ra t ion [39,40]. 

C o n c l u s i o n 

I he icsult ol this s tudy showed that the heavy metals 
w c i e s ignif icant ly increased in the industrial workers 
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compared with the control. Chronic exposure to these 
heavy metals may predispose the industrial workers 
to serious adverse health cITccts. 
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