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Compar ative studies of some heavy metalsin the urine of people
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ABSTRACT

This study is an attempt to do comparative analysis on urinary lead, arsenic, nickel and
cadmium levels on mine and non miners within the Golden Star Bogoso / Prestea Mines
Samples were taken from the Assay Laboratory and Environmental Laboratory Workers of the
Golden Star Bogoso/Prestea Mines Company and also Non-miners (students) from the
University of Cape Coast as a control. The samples were digested with HNOs, HCI and H,0,
and the metals analyzed using the Atomic Absorption Spectra (AAS), Varian 220 model. Lead
(Pb) and Nickel (Ni) levels were higher than the permissible level, but that of the arsenic was
found to be lower than the permissible level. Cadmium was not detected in any of the urine
samples of the mine workers. The students (non-miners) however recorded low levels of all the
metals except cadmium which was found to be higher than the permissible levels. The levels of
the metals Pb, As and Ni, (except Cd) were found to be higher in the mine workers than those in
the non-mine workers.
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INTRODUCTION

Heavy metals are stable elements that cannot babwleted by the body and therefore
bioaccumulate as it passes up the food chain toahumdost of these do not have any basic
function in the body but can be highly toxic. Oribe metals are released into the environment
through the air, drinking water, food, or countlesan-made products and chemicals, they get
into the body through inhalation, ingestion andnslabsorption.[1] If the heavy metals
accumulates in the body tissues faster than thg'$atktoxification pathways can dispose off
the, a gradual build up of this toxins will occurhis can lock into the enzymes sulfuric
attachments and block out other molecules fromectlyr attaching and then suffocate the
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enzymes making it useless resulting in weaknessoofe physiological process in the body
[2,3,4].

Heavy metal over load can lead to neurologicalatisedepression, aggravate conditions such as
Osteoporosis and hyperthyroidism, memory loss @ods coordination, muscle pain, anorexia,
constipation, vomiting anemia, kidney and liver @g® and others [5,6] Heavy metals occur
naturally in rock forming and are minerals but hanativities have given rise to anomalous
high concentration of the metals relative to thewad background levels [7]. The primary route
of excretion of heavy metals is the faeces, littéee metals are excreted in urine, hair, breast
milk and sweat [8].

Even though urine test for heavy metals exposum®ts/ery good, it still gives an indication of

the extent to which one is being exposed and thel lef body stored since most of the metals
are cleared fairly rapidly[6] In Ghana it is susigel that mining workers and people living in
mining areas are frequently exposed to chemicalsdbntain higher levels of heavy metals. For
this reason this paper seeks to compare the lefdbb, Cd, Ni and As in the urine of some
mining workers and people who have never lived migng community.

EXPERIMENTAL SECTION

The samples were collected from two sections ofntiv@ng workers at Bogoso Gold Limited
that is, Assay Laboratory Workers and Environmeihboratory Workers. Sixteen samples
(52%) were obtained from the Assay Lab workers @rmather samples (60%) were collected
from the Environmental Lab Workers. The samplesewallected using 30ml sealed plastic
containers. The containers were washed thorougitily detergent and distilled water to avoid
any contamination. 14 samples were also collectdtie same container from some students of
the University of Cape Coast who are not exposednto mining activity, and were used as a
control. To ensure uniformity, all the samples wéesh morning urine and were digested
immediately.

Sample treatment

Fresh urine tends decompose to become alkalinglistarilue to the breakdown of urea to
ammonium carbonate; but can be stored in a refigerBecause of lack of storage facilities,
the samples were collected and digested the sagnardhwere kept in a refrigerator for few
days before analysis was done using AAS machirec{spAA220).

10ml each of urine samples were measured with aumieg cylinder into a 150ml beaker and
10ml of 1:1 nitric acid was added. The mixtureseveovered with a watch glass and was heated
using an adjustable hot plate and were alloweeéftax for 10-15minutes without boiling. It was
then allowed to cool and 15ml of concentrated mécid was added and allowed to reflux for 30
minutes. The last step was repeated and the msxiueze allowed to evaporate to about 5mi
without boiling. It was allowed to cool and 2ml whter and 3ml of 30% Hydrogen peroxide
was added. The beaker was covered with a wates gla$ placed on a hot plate and was allowed
to heat until the effervescence was minimal. It Wes allowed to cool and 5ml of concentrated
HCl and 10ml of water was added and heated angxexdlfor 15 minutes without boiling.

The samples were finally diluted to 100ml volumehwilistilled water after cooling and were
then filtered using suction filtration to removeygparticulate matter. [9] The digested samples
were then analyzed for As, Pb, Ni and Cd using Atofbsorption Spectrum (Varian 220). The
control and the blank were digested in the same way
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RESULTSAND DISCUSSION

The proficiency testing indicated the recoverylad metals were within the acceptable limits of
+15%

The results of analysis of lead, arsenic, nickel aadmium in the urine of some mining and
non-mining workers are shown in Tables 1-4.

Table 1: Metalsin urine of mineworkers

Table 2: Metalsin urine of Assay

Concentration of metal (mg/L) labor atory mine workers

Sample AS Ni Pb Concentration of metals (mg/L)
BA-01 0.015  0.034 0314 Samples  As Ni Ph
BA-02 0011 0036 0277 BAOL 00150 00340 0.3140
BA-03 0.011  0.024  0.307
BA-02 0.0110 0.0360 0.2770
BA-04 0.01 0.025  0.255
BA-03 0.0110 0.0240 0.3070
BA-05 0.013  0.038  0.492
BA-04 0.0100 0.0250 0.2550
BA-06 ND 0.054  0.276 BA-05 0.0130 0.0380 0.4920
BA-08 0008 0015  0.299 BA-07 0.0100 0.0290 0.3120
BA-09 ND 0038  0.327 BA-08 0.0080 0.0150 0.2990
BA-11 0009 0034 0313 BA-10 0.0110 0.0380 0.3340
BA-12 0.008  0.030  0.319
BA-11  0.0090 0.0340 0.3130
BA-13 0.002  0.054  0.274
BA-12 0.0080 0.0300 0.3190
BA-14 ND 0.043  0.311
BA-13 0.0020 0.0540 0.2740
BA-21 0.009  0.027  0.290
BA-14 ND  0.0430 0.3110
BA-22 0.005  0.011  0.164
BA-21 0.0090 0.0270 0.2900
BE-16 ~ 0010 0056  0.342 BA-22 0.0050 0.0110 0.1640
BE-17 0.003 0062  0.355
BE-18 0.009  0.052  0.304
BE-19 0.009  0.044  0.337
BE-20 0.002 ND 0.127 Table 4: Metalsin Urine of Non- mining workers
BE-25 ND ND 0.078 Concentration of metals (mg/L)
LOD= 0.005 ppm Samples As Ni Pb Cd
US-01  0.0020 0.0390 0.1460 _ ND
Table3: Metalsin urine of environmental US-02 ND ND 0.1400  0.0080
abor at . ) US-03 ND ND  0.1300 ND
aboralory mine Workers US-04 ND ND  0.1670 0.0070
Concentration of metals (mg/L) US-05 ND ND 0.1480 0.0060
Samples As Ni Pb US-06 ND ND  0.1300 0.0070
US-07 00190 ND  0.2010 ND
BE-16 ~ 0.010 0056 0342 US-08 ND ND  0.1460 0.0100
BE-17  0.003 0.062 0.355 US-09 0.0020 ND  0.2380 0.0090
BE-18 0.009 0.052 0.304 Us-10 ND ND 0.2010 0.0090
Us-11 ND ND  0.1850 0.0100
BE-19 0009 0044 0.33/ US-12  ND ND  0.1700  0.0080
BE-20  0.002 ND 0.127 US-13 ND  0.0120 0.1770 0.0080
BE-25 ND ND 0.078 us-14 0.0020 0.0430 0.1260 0.0090

The concentration ( mean = rsd ) and median cfehmetals As, Ni and Pb in the urine of the
assay laboratory mine workers were 9.4 £+3.84., ( 10.0pg/L ); 33.10 £ 11.7&g/L, (34.0
ug/L) and 304.0 + 64.26g/L, (30.9ug/L). Their ranges img/L were As, <0.001 — 20; Ni, 10-
50; and Pb, 160-490. The mean and (median) levelsh® metals in the urine of the
environmental mine workers were: As, 6.6 £ 3uffL ( 9.0ug/L); Ni, 53.5 £ 7.6 (54.Qug/L,
and Pb 257.2 £ 121.9#&/L. The respective ranges were < 0.001-10.0; 4@r200.80-36Qg/L.

Cd was not detected in any of the urine sample® filee mine workers. Generally the assay
laboratory workers had higher levels of As, Ni &1 Also there were variations in the levels of
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heavy metals in the samples. The levels of all ittetals in the urine of the environmental
laboratory were more varied than those of the Adabyratory workers as indicated by the
percentage relative standard deviation. For botlkers the order of variation were As < Ni
<Pb. Pb was detected to have the highest leveRartte least, The mean levels of the metals in
all the mining workers were As, 8.6+ 3.57; Ni, 32.23.73 and Pb 291.2 +.83.36/L.

The levels of the heavy metals As, Ni, Pb and Ctheurine of non-mining workers or people
who have never resided in mining communities wespectively 6.2 + 8.50, 31.30 + 16.86;
164.6 £ 39.93 and 8.3 £ 1.2i0/L. Except for Cd which was not detected in theeisamples of
the mine workers, the levels of all the other heangtals were higher than levels found in urine
of non-mine workers (Fig 1).

Levels of metals in urine

)

%)

o
|

)

o

o
1

[

%)

o
1

» Assay

W Environ.
=Mine
Cd

Il Non-mine

Concentration(ng/L)
S
==

50 -
N =

As Ni Pb
Heavy metal

Figure 1: Levelsof heavy metalsin urine samples of mining and non-mining workers

The environmental mine workers had the highestllef/&li and higher than the mean for the
mine workers. Also the mean level of Pb in the e@ssay laboratory workers was higher than
the mean for the mining workers. The levels of Ad &li in the urine of the non-mine workers
was comparable to the As in the urine of the emwirental mine workers Ni in the urine of the
assay lab workers. The observations suggest tlaemlvironmental workers are exposed to
higher levels of Ni than the Assay lab workers, ledithe assay lab workers are also exposed to
higher levels of Pb. The non-mine workers howelkiad higher levels of Cd.

Table5: Correlation coefficient of regression analysis
of metalsin the urine of non-mining workers

As Ni Pb Cd
As 1 * * *
Ni 1 1 1
Pb 1 *
Cd 1

There was no significant correlation between any divthe metals detected in the urine samples
of the assay, environmental or the mine workergeneral, implying that they were exposed to
varied sources of metal, from food, emission fraghigles and mining activities. Apart from As,

151



J.P.K. Adotey et al J. Chem. Pharm. Res,, 2011, 3(3):148-153

the levels of metals detected in the urine of tba-mining workers however, showed very
strong correlations at the 0.01 confidence levab{& 5). The very high correlation coefficient of
r =1 for correlation between Ni and Pb, and Ni @] and the fact that there was no significant
correlation between Pb and Cd may imply that gdiyethe two metals were from different
sources.

The presence of these metals in the urine of batimghand non-mining workers is an indication
of the prevalence of these metals in the environmaed food samples, and that exposure to
heavy metal is common, particularly Pb. The re&dyi higher levels of the heavy metals in the
urine of the mining workers suggests that they exposed to higher levels of heavy metals
compared to non-mining workers agree with obsemwatimade by [6] The very high levels
indicate that it is hard to avoid lead due to itarses and widespread distribution in the
environment. The metals are also components ofusthemissions, and have the potential to
affect the individual through inhalation. These afetare absorbed either through the lungs or
the gastrointestinal tract. These metals get imohtuman body through inhalation, ingestion and
skin. They are found in the soil, ocean and peitgiand therefore present in foods [5,6]

Accumulation of high levels of these heavy metalxve permissible levels, in the human body
may cause health hazards such as fatigue, memsesy ttementia, depression, anxiety, and
insomnia. The higher level of the metals in then@ranalyzed is an indication of higher levels
stored in the human body. This can have signifitaaith impacts in the long term.

Apart from Arsenic which were found to have levidsier than the Bio-standard for heavy
metals and metalloids set by [10]. The levels btred other metals were much higher than the
Bio-standards; of As, 15-4@y/L; Ni, 0.5-6.1ug/L, Pb 150ug/L and Cd 1.5ug/L.

CONCLUSION

Arsenic, Nickel, Lead and Cadmium were detectetthénurine samples. All the four were found
in the urine samples of the non-mining workers, dnlyy Cd was not found in the urine samples
of the mining workers. The levels of the metalssamples from the miners were higher than
those found in the urine of non-mining workers. Hssay lab workers had highest levels of Pb
and As whiles the environmental workers had théndsg level of Ni. Ni showed very high
significant correlation of r =1 with Pb and Cd, Nmnificant relation was observed for the
metals in the urine of the mining workers implyithgy are exposed to varied sources the metals.
Both mining and non-mining workers are likely todeosed to heavy metals.
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