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The role of minerals is very important in carrying out vital activities of human body but due to paradoxical properties of heavy metals their |
presence in elevated quantities may cause toxicity. Present study has been carried out to evaluate the concentration of lead, copper, |
cadmium and chromium in blood samples of both males and females of different age groups from urban areas of Faisalabad by using
atomic absorption spectrophotometer. The statistical analysis of present study revealed that concentration of heavy and trace metals in |
both males and females is independent of age and sex except linear progression in blood lead and cadmium levels with age was observed |
in males (P < 0.05). It is concluded from the this research that the overall high concentrations of heavy and trace metals were observed in |
all the subjects of urban areas indicating high concentrations of these metals in the environment. |
|
|
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INTRODUCTION

The role of minerals in human body is very important. As
mineral balance is required to maintain the normal body
functions and disturbance of mineral levels in human body
may cause health problems. One of the reasons for this may
be due to exposure to toxic metals through a variety of routes.
Heavy and trace metals released from industrial operations
are carried by air and water and enter into food chain. Being
non bio-degradable, passing through food chain, accumulates
in different organs of the human body'.The amount absorbed
from the digestive tract depends on the chemical form of the
metal and the age and nutritional status of the individual. Once
a metal is absorbed, it is distributed in tissues and organs’.
Over 80 % of worldwide diseases are due to improperly sani-
tized food and water. The heavy metals are harmful substances
that cause severe threats to the environment of modern indus-
trialized countries®. The greatest public health concern is linked
with exposure to lead, cadmium, mercury and arsenic*. Lead
poisoning may be considered a public health problem since
its environmental sources are diverse and widespread. Lead
poisoning in humans causes several damages in kidneys, brain,
reproductive system, central nervous system and sometime
cause death’. Toxic effects of lead on the kidneys are thought
to be responsible for the development of hypertension and its

complications®. The selenium concentration in human body
decreases after exposure to lead, which may lead to an increased
rate of free radical production’. The toxic effects of cadmium
become detectable only after it exceeds the threshold level of
50-70 g/day®. Cigarette smoking is a major source of cadmium
exposure. It has been shown that cigarette smoking may cause
an increase in blood cadmium levels’. The adverse physiological
effects of cadmium commonly include depressed growth rate,
anaemia, kidney dysfunction due to damage to renal tubules,
atherosclerosis and poor mineralization of bones'’. High levels
may be considered to be associated with hypertension''.
Cadmium and several cadmium containing compounds are
known as carcinogenic and can induce many types of cancers'?.
Chromium, an essential nutrient has many natural sources
including foods. Chromium is essentially required to promote
the action of insulin in body tissues. It is also a glucose tole-
rance factor and its imbalance is related to heart diseases".
Chromium is of significant importance in altering the immune
response. The reduction of Cr(VI) to Cr(IIl) results in the
formation of reactive intermediates. These intermediaries along
with oxidative stress result in oxidative tissue damage. The
intermediaries and oxidative stress contributes to the cytotoxicity,
genotoxicity and carcinogenicity'!. High levels of chromium
during pregnancy may result in the birth of low weight infants
and gestational diabetes'”. Copper, a trace element, is essential
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for both humans as well as animals. However, due to contami-
nated water supplies, cigarette smoking and the use of oral
contraceptives, most of people may suffer from a low-level
copper toxicity which may result in hypertension, heart
disease, pre-menstrual syndrome, postpartum depression,
schizophrenia and childhood hyperactivity'®. It is reported that
if 2-3 mg /L of copper is present in drinking water, it may
cause hepatotoxicity in infants'.

Toxic metal and micronutrients may interact in the body
for example during absorption and excretion of toxic metals,
their transport in the body, binding to target proteins, metabo-
lism and sequestration of toxic metals and finally in secondary
mechanisms of toxicity such as oxidative stress. Therefore
people which are deficient in micronutrients may predispose
to toxicity from nonessential metals'’.

EXPERIMENTAL

To assess the levels of heavy metals (Pb, Cd, Cr and Cu)
in blood of human population, 100 blood samples (each about
5 mL) of both males and females were collected from urban
areas of Faisalabad in properly labeled disposable syringes
with the method of Jacob'®. Trained medical staff was engaged
for the collection of blood samples. Blood donors were
screened for any sort of disease like hypertension, diabetes,
anemia and arthritis and diseased persons and smokers were
excluded from this study. All the reference standards used in
this study were purchased from Perkin Elmer. Reference
standards of 0.5-1.5 ppm conc. were used to obtain calibration
curves. Samples preparation for analysis of metal ions was
performed using wet digestion method. About 05 mL of blood
sample was taken in test tube with equal volume of 69 %
nitric acid and 70 % perchloric acid. The tubes were kept at
room temperature for over night to let the gases evolve then
kept at 40-60 °C to evaporate acid fumes. The temperature of
the tubes was further raised to 100-110 °C until 0.3-0.5 mL
solution was left. When digestion was completed, clear final
volume was made upto 10 mL with distilled deionized water'’.
The digested samples were analyzed at least in triplicate.
Analysis of heavy metals like lead, cadmium, chromium and
copper was performed with atomic absorption spectrophoto-
meter (AAS) Perkin-Elmer Analyst-800. Data obtained after
analysis of metal ions was subjected to mean, standard deviation
and correlation values. Significance was determined by analysis
of variance ANOVA”.

RESULTS AND DISCUSSION

Present study was carried out to estimate the level of heavy
and trace metals in human blood samples. The concentration
of heavy and trace metals in the various blood samples is shown
in Tables 1 and 2 and comparison between males and females
has been given by line graphs. The studies were conducted for
various age groups of both male and female (15-22, 23-30,
31-38, 39-46, 47-54, 55-62, 63-70 and 71-78 years). Range,
mean and standard deviation were determined for each group.
Difference of group means were evaluated for significance
by't-test'. The expected't' values were obtained from the t-distri-
bution tables for 95 % confidence interval (P = 0.05) 2%

TABLE-1
CONCENTRATION OF LEAD AND CADMIUM
(ug/mL) IN BLOOD SAMPLES OF MALE AND
FEMALE GROUPS OF VARIOUS AGES.

Age Lead Cadmium
Group Male Female Male Female
15-22  Mean 1.78 1.49 1.68 1.35
years Standard deviation 1.03 1.59 0.72 0.71
23-30 Mean 2.85 2.61 2.37 2.17
years Standard deviation 0.75 0.81 0.75 0.72
31-38  Mean 3.00 2.73 2.50 2.97
years Standard deviation 0.58 0.81 0.67 1.05
39-46 Mean 3.19 2.77 2.84 2.88
years Standard deviation 0.36 1.21 0.58 1.33
47-54  Mean 3.18 2.61 3.10 2.74
years Standard deviation 0.56 0.57 0.43 1.16
55-62 Mean 3.73 3.01 3.06 2.88
years Standard deviation 0.50 1.38 0.64 1.08
63-70 Mean 4.30 3.12 4.00 3.40
years Standard deviation 0.70 1.48 0.26 0.78
71-78  Mean 4.30 4.00 3.26 3.03

years Standard deviation 0.26 1.01 0.56 0.86

The results presented in Table-1 list lead and cadmium
conc. (Lg/mL) in blood of males and females. The mean values
for all the male subjects are 2.907 and 2.642 while for females
it is 2.642 and 2.57 respectively. The minimum value of lead
was observed in the youngest group of 15-22 years i.e., 0.01
wg/mL both in males and females and values of cadmium conc.
were 1.68 pg/mL for males and 1.35 pg/mL in females. High-
est mean value of lead and cadmium was observed in the age
group between the ages of 63-78 years that was 4.3 and 4 pug/
mL for males and 4 and 3.4 pg/mL for females.

TABLE-2
CONCENTRATION OF CHROMIUM AND COPPER
(nug/mL) IN BLOOD SAMPLES OF MALE AND
FEMALE GROUPS OF VARIOUS AGE.

Age Chromium Copper
Group Male Female Male Female
15-22  Mean 3.03 2.56 2.67 2.72
years  Standard deviation 0.81 0.91 1.28 0.53
23-30 Mean 2.62 275 3.96 4.47
years  Standard deviation 0.90 1.04 2.40 1.48
31-38  Mean 3.03 3.17 2.76 4.08
years  Standard deviation 1.28 1.33 0.49 1.26
39-46  Mean 3.43 2.62 3.86 3.44
years  Standard deviation 0.90 1.68 1.17 1.10
47-54  Mean 2.67 3.06 3.82 3.72
years  Standard deviation 1.02 0.70 0.44 0.76
55-62 Mean 3.13 2.63 3.23 3.26
years  Standard deviation 0.66 0.85 0.45 1.23
63-70 Mean 3.05 2.61 3.40 2.73
years  Standard deviation 0.18 0.77 0.72 1.46
71-78 Mean 4.06 4.30 4.45 4.12

years  Standard deviation 0.73 0.55 1.00 1.51

The results presented in Table-2 list chromium and copper
conc. (Lg/mL) in blood of males and females. The mean values
of chromium and copper for all the males is 3.05 and 3.432
while for females itis 2.889 and 3.615 respectively. The minimum
mean value of chromium was 2.621Lg/mL and value of copper
was 2.67 ug/mL for the ages of 15-22 years in male volunteers.
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While value of chromium and copper in the age group of 15-
22 was 2.56 and 2.72 ug/mL in female volunteers respectively.
Highest mean value of chromium and copper between the ages
of 71-78 years was 4.06 and 4.45 pg/mL for male volunteers
respectively. While for female volunteers value of chromium
between the ages of 71-78 years was 4.3 pg/mL and value of
copper between the ages of 23-30 years was 4.475 pug/mL.

TABLE-3
ANALYSIS OF SIGNIFICANCE FOR ASSESSING LEVELS OF
HEAVY METALS (Pb, Cd, Cr, Cu) IN BLOOD OF DIFFERENT
AGE GROUPS OF MALES AND FEMALES

Heavy metals Lead Cadmium Chromium Copper
Male F 12.733 6.441 1.054 1.484
population  Sig. 0.000 0.000 0.409 0.199
Female F 1.960 2.821 1.001 1.965
population  Sig, 0.084 0.017 0.444 0.083

In Table-3 means of different age groups of male and
female volunteers were compared for all the heavy metals (Pb,
Cd, Cr and Cu). P > 0.05 clearly indicates that blood levels of
all these heavy metals are independent of age in female subjects.
While in males Pb and Cd had P < 0.05 indicating that Pb and
Cd levels are related with age while non-significant values P
> 0.05 for Cr and Cu showed that their concentrations are
independent of age.

As the subjects were divided into eight groups according
to their age and presented by respective alphabets as shown
below: Age groups 15-22 years (A), 23-30 years (B), 31-38
years (C), 39-46 years (D), 47-54 years (E), 55-62 years (F),
63-70 years (G) and 71-78 years (H). The results obtained
have been presented by line graphs.
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Fig. 1. Concentration of lead (mg/mL) in blood samples of males and

females

Results showed that blood lead levels of subjects were
significantly higher. The highest concentration of lead (3.7-
5.1 pg/mL) was observed in blood samples of male subjects
within age group of 63-70 years while among blood samples
of female subjects highest concentration (3.1-5.1 pg/mL) was
observed in age group of 71-78 years. Statistical analysis
showed positive correlation between blood lead levels and
age in males (P < 0.05) and independent of age in females
(P > 0.05). However blood lead levels are independent of sex
(P>0.05).

The highest concentration of cadmium (3.7-4.2 pug/mL)
was observed in blood samples of male volunteers within age
group of 63-70 years while among blood samples of female
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Fig. 2. Concentration of Cadmium (mg/mL) in blood samples of males
and females:

volunteers highest concentration (0.3-4.5 pg/mL) was observed
in age group of 39-46 years. Statistical analysis showed
positive correlation between blood cadmium levels and age in
males (P < 0.05) and independent of age in females (P > 0.05).

However blood cadmium levels are independent of sex (P >
0.05).
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Fig. 3. Concentration of chromium (mg/mL) in blood samples of males
and females.

The highest concentration of chromium (3.5-4.9 pug/mL)
was observed in blood samples of males within age group of
71-78 years while among blood samples of females highest
concentration (1.2-5.1 pg/mL) was observed in age group of
31-38 years. However statistical analysis showed that blood
chromium levels are independent of age and sex (P > 0.05).
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Fig. 4. Concentration of copper (ug/mL) in blood samples of males and
females.

The highest concentration of copper (1.5-9.3 pg/mL) was
observed in blood samples of male subjects within age group
of 23-30 years while among blood samples of female subjects
highest concentration (1.8-7.2 pg/mL) was observed in age
group of 23-30 years. However statistical analysis showed that
blood copper levels are independent of age and sex (P > 0.05).
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Fig. 5. Overall level of metals (lead, cadmium, chromium and copper) in
blood samples of male and female subjects from urban areas of
Faisalabad.

Above mentioned graph shows that among all the blood
samples of male subjects the mean value of copper was highest
(3.432 pg/mL) followed by chromium (3.05 pg/mL), lead
(2.907 ug/mL) and cadmium (2.642 pg/mL) and among all
the blood samples of female subjects, the same pattern of
decreasing concentrations of metals was observed.

The statistical analysis of present study revealed that
concentration of heavy and trace metals in both male and female
subjects is independent of age and sex. However, linear progre-
ssion in blood lead and cadmium levels with age was observed
in males (P < 0.05). Decreased concentration of lead in blood
was observed in females (2.642 pg/mL) than in males (2.907
png/mL) (Tables 1 and 2). This observation is in accordance
with the results of Sartor and Rondita (1980) who have reported
that the blood lead increased with age at an almost constant
rate for the residents of polluted areas™.

Lead is a highly toxic element since the excretion rate of
lead from the human body is slow and it tends to deposit
finally in the brain. Consequently it is important to prevent
lead spreading and detect its traces before its effects become
serious™.

A much less difference in concentration of copper in the
blood of both male and female subjects was observed. It
complies with the results of Wasowicz ef al.*® who indicated
that Cu and Zn contents are not influenced by sex.

Similarly, less difference in concentration of chromium
was observed for males and females in present study. Normal
range of chromium is 1-5 mcg/L in human beings'. While
excessive levels of chromium that are usually limited to
industrial settings and dietary chromium intake may lead to
serious health problems in the general population®.

Deficiency or excess of a trace element may cause disorders
in the absorption, distribution, metabolism and elimination of
other trace elements. For example iron deficiency can increase
absorption of lead and cadmium?®’.

The main intake sources of essential and non-essential
elements in the human body are air, water and food. Therefore
considerable attention has been directed towards assessing the
accumulation and understanding of toxic effects of certain trace
elements in human body. So in order to reduce the concen-
tration of metals in blood, hair and other body tissues the level
of metals in environment must be reduced. Otherwise the flow
of metals into the body through food chain will continue and

the levels of non-essential metals will increase and finally reach
to the toxic level.

Recommendations

* Public awareness programmes should be held frequently
to disseminate the information about toxic effects rendered
by heavy metals and suggesting the ways to reduce them.

* Toxic metal exposure usually remains unrecognized, so
it is important to monitor the level of heavy metals at least
once in a year in all age groups of both sexes.

* Lead content in the environment can be reduced by using
fuels of high quality, lead free petrol, proper maintenance of
vehicles and encouraging mass transit.

¢ All the edibles should be properly anatomized to curb
the presence of any content of toxic metals.
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