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Abstract. The levels of Pb, Zn, and Cu in hair, nails and whole blood in non smoking Saudi males were
determined 1o find out the effects of eccupation and exposure period on the concentrations of these elements
and to compare it with those in the control group. The study included three test groups uf subjects: workers in
a gas station, printing industries and traffic policemen. The centrol group consisted of subjects not exposed to
the environmental conditions of the test groups. The levels of Pb, Zn and Cu were found to be higher in all
the three groups as compared to control group. The increase in the level of Pb aver the cantrol Eroup was
about 4, 2 and 2 times higher in gas station workers, printing workers and traffic palicemen, respectively. The
corresponding increases in the level of Zn was about 1.5, 1.3 and 1.4 times and that of Cu 1.2, 1.2 and 1.6
times higher in the test groups, respectively when compared with the control group. The exposure time was
ubout 4.8, 108 and 154 years for the gas station workers, printing workers and traffic policemen,
respectively. The increases in the concentration of these elements were dependeni on the work invalved
which demands some adequate protective measures for these workers.

Introduction

When studying the biological effects of trace elements, it is necessary to know their
chemical forms and possible sources. Due to man’s activities, lead has been brought into
circulation. Tt ocours in storage batteries, motor fuel, lead shielding soldering wire,
shielding material for X-ray radiation, pigments, alloys, ceramic glazers and stabilizers
for plastics and rubber. When introduced into humans, Pb is distributed through the
blood stream in soft tissues (liver, kidney, brain and bones), whick: is slowly excreted
through urine, facces, sweat, and deposited in hair, nail and bone. Pb in blood and soft
tissues (e.g. liver) has identifiable toxic effects. The immediate effects of acute Pb
poisoning are well defined symptoms which include nausea, vomiting, abdominal pain,
anoxia, constipation, insomnia, irritability, mood disturbance and coordination loss
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[1,2]. Investigations on the contribution of petrol Iead to blood lead levels has received a
great deal of attention in the world. Individuals living in industrialized urban areas have
higher lead level in blood, hair and teeth compared to individuals living in reral areas
[34). Zn and Cu are essential trace clements for all organisms. The adult human body
contains an average of about 1.8 p zinc. in males the prostate iz the organ with the
highest concentration of Zn, together with liver, kidney and muscle account for about
half of the body Zn, while the heart contains about a third. Relatively high levels of zinc
salts can be given orally (dietary supplements) without severely damaging tissues or
impairing their biochemical funcrions. Zn is 2 component in a number of enzymes
particularty oxidoreductases, transferases, hydrolases, ligases and isomerases [5]. Znis
important in human growth and sexual development [6]. It is also important for the
syntheses of RNA, DNA and for cell division. It is oceasionally used therapeutically to
promote wound healing and may be used in treating gastric ulcers [7]. Serum Zn
decreases i cirthosis and in some forms of anaemis, leukaemia and other blood
diseases. Humans are exposed to copious quantities of Zn in the environment without
realizing conditions for exposure which exist in coating iron, fixiures with Zn to prevent
tust, galvanized iron containers, pipes, and utensils. Protection against Zn toxicity is
achicved by taking metallothionein [8].

Copper has perhaps the narrowest margin of difference between nutritional need
and toxicity. Nevertheless, it is essential for all living systems because it serves as a
cofactor for oxidase enzymes, and is distributed within cells, organelles and plasma, The
importance of Cu in human nutrition was shown earlier in malnourished children of Peru
[5]. Other studies confirmed that itis required for infant growth, defence mechanisin,
bone strength, red and white cell maturation, cholesterol melabolism, myocardial
contractility, glucose metabolism and brain development. Sources of Cu include dietary
items which are highly varisble. The richest sources are meat, oysters and chocolate,
plant food, especially seeds. Fruits and vegetables tend to contain Cu which is variable
depending on location. Drinking water is another potentially important source of high
Cu, the concentration being influenced by pH of the water and the pumping system used.
Recent studies showed that mean values of 1.24 mg day”' Cu for men and 0.93 mg/day
for women are required. In humans, acute overdose gives the sensation of a metailic
taste with epigastric burning, nausea, vomiting, and severe diarrhoea. The condition
becomes critical and life-threatening when the affected individual shows hypertension,
shock and coma. Anemia caused by excessive hemaolysis can be prevalent [5]. The liver
is the most commonty involved organ with its central role in Cu uptake, distribution, and
excretion, as it is the first site of deposition after absorption.

Materials Anrd Methods
Samples of blood, hair and nails were obtained on the same day from volunteer

donors from Riyadh region, Saudi Arabiz. Blood specimens were collected in evacuated
glass tubes vacutainers (10 ml), containing lithium heparin anticoagulant and stored
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frozen in plastic -vials. Solid samples of hair, and nails were washed immediately with
alcohol and deiomized water, then dried and stored. For wet sample preparation,
fractions of blood (100 ul each) were mixed with concentrated nitric acid in the ratio
(1:4) to remove interfering organic materials and the supernatants were recovered by
centrifugation. Samples of hair and nails {0.5 g) were added to concentrated nitric acid
{10 ml) and heated moderately under refluxing for complete digestion. Dilute nitric acid
was used for dissolution of the ash obtained by wet decomposition and the volumes were
made up to 100 ml with deionized water. The undissolved residuc was removed and
supernatants were stored refrigerated in plastic vials. Standard solutions were prepared
by dissolving 1.6 g of lead nitrate in 100 ml of deionized water, 1 g of Zn metal in 30 ml
of 5 M hydrochloric acid and diluted to 1 liter with deionized water; 1 g of Cu metal in
50 ml of 5 M nitric acid and diluted to 1 liter with deionized water. Calibration solutions
were prepared freshly everyday by dilution of standard solution to final concentrations
of 50 and 25 ppb of Pb, Zn and Cu suitable for two standard calibration points.

Standards and samples were measured on electrothermal atomization atornic
absorption spectrophotometer, Pye Unicam SP 9 equipped with graphite Fumace and
Video Computer Pro-grammer. Instrument background corrections were carried out in
the setting procedure by using deionized water acidified with nitric acid in the ratic of
1:4,

Results and Discussion

Hair and nails can be ideal indicators of the metal burden of the body, provided
analysis is done accurately with proper interpretations of normal values [9]. The levels
of these elements in blood are the best indicators of current exposure. The blood levels
of these elements reflect dynamic equilibria between exposure, absorption, distribution,
and elimination of these elements [10].

The results show increase in the level of lead in all three groups as compared to
control, the highest in the gas station workers; 4 times higher in hair and 6.2 times
higher in nails, and in whole blood about 2 times. The respective increases in printing
workers, were 3 times in hair, 2 times in nails, and 1.4 in whole blood. The increase in
traffic police was 3.1 times in hair, 2.3 times in nails, and in whole blood 1.4 times. The
volunteer subjects were nonsmoking Saudi males with average age of about 33 years.
Non smokers were selected to eliminate any effect of increases due to smoking or age.
The highest increase in Pb concentration was found in gas station workers, despite their
lowest exposure time (4.8 year) as compared to printing workers (10.8 year) and traffic
police (15.4 year). The finding presumably reflects the fact that leaded gas is commonly
used in Saudi Arabia.

Results of Zn analyses show increased level of Zn im gas station workers which had
the highest increases; 1.5 times in hair, 1.3 times in nails and 1.7 times in whole blood as
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compared to the control group. These values in printing workers were 1.2 times in hair,
1.25 times in nails and 1.4 times in whole blood. In traffic police it was 1.4 times in hair,
1.3 times in nails and 1.6 times in whole blood as compared to control.

The results of the Cu analyses show that the highest levels occurred in traffic police
with an increase of 1.7 times in hair, 1.9 times in nails and 1.2 times in whole blood;
while in printing and gas station workers the values were almost the same, These values
were 1.3 times in hair, 1.3 times in nails and about 1.1 times in whole blood as
compared to control.

Table 1. Concentration of Pb, Zn and Cu in hair, nails and whole blood of varlous groups (in
each group n=5). Results in Mean+5D

Groups Gas station Printing Traftie Cantrol
police

Age (1) 336213 332416 33.4x1.4 36.3£2.3
Exposure time (yr) 4.8+0 85 10.8+1.3 15.41£2.6 -
(Ph)in Hair pgg! 1712046 12.93+0.3 13.00£0.03 4.240.12
(Pb) in Nails ug g 26111 8.1240.9 9.3140.6 4,18+0.3
{TbY in whole blood pg dI* 24,1201 17.30.7 17.7+0.8 12.5+0.4
{Zn) in Hair pg g 227.242.1 186£1.5 213.3x4.1 156:1.2
{Zn) in Nails pg g* 210496 202413 209:1.03 1610.86
(Zn} in whole blooad pg di* 1080£61 89061.3 975+62.6 624+11.3
{Cu}in Hair pgg* 18.720.3 18.64%1.7 24.68+0.7 14.880.2
(Cu) in Nails pg g 7.8+0.6 8.62+0.3 10.320 5.520.4
{Cu) in whole blood pgdl! 130.6%3 133.845 143.4+4 122.4+2

In general, the tesults show an increase in the level of Pb, Zn and Cu in all three
groups as compared to control. This type of investigation has not been carried out so far
on Saudi population. Earlier reports are only from soil and water [11]. International
comparisan of the data from humans presents difficulties since, there is considerable
diversion in the concentrations of these elements in populations, For example, the
normal level of whole blood ranges from 60 pg Pb L in Beifing (China) to 220 g Pb
L in Mexico city [5]. The present results show an increase in level of Pb, Zn and Cu in
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all threk groups as compared to control group even though the increase is lower than the
pathological level which for lead is above 300 pg L™ [12-13]. It is possible that longer
exposure to these elements for these groups and other workers in related ficlds such as
ceramic industries and radiator shops may occur, It is suggested that all the workers
must be protected and following measures are recommended.

1} Routine checkup, at least once a year.

2) Wear gloves and protective coats during work.

3) Bath after each working day.

4) Fating and drinking restrictions in working areas.

5) Wash hands before leaving working areas and before eating meals.
6) Good ventilation of the working areas.
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