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ABSTRACT

Traditional (Artisanal) gold mining is of global health concern; there is little available information
about the health problems in gold traditional mining in Sudan. This study aimed to evaluate of
serum mercury and microalbuminuria in Sudanese traditional gold miners. A total of 60 male
miners (30 workers used or exposed to mercury and 30 workers used cyanide and exposed briefly
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to the mercury mixture with soil) as well as 30 male controls, in northern state of Sudan during
March to May 2016. Mercury was analyzed by using standard technique atomic absorption
spectrophotometer, and microalbuminuria was analyzed by semi-quantitative chromatographic
immunoassay. The result we found significant increase in mercury levels in traditional gold miners,
when compared with their control group but no significant difference when compared age between
traditional miners and control group P Value=0.90, we also found significant increase in mercury
levels in traditional gold miners compared with company gold miners but no significant difference
when compared age between traditional miners and company gold miners P Value=0.070, there
was significant increase in mercury levels in company gold miners, when compared with their
control group, also no significant difference when compared age between company gold miners
and control group P Value =0.131), there were significant increase in mercury levels in inhalation
route traditional miners, when compared with skin contact route traditional miners, there is
significant increase in mercury levels in abnormal renal function of traditional gold miners compared
with mercury levels in normal renal function of traditional gold miners. This study concludes that,
serum mercury levels are significantly increased in traditional gold miners, working in Kodorma

area in comparison to non-exposed subjects and mining company workers used cyanide.
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1. INTRODUCTION

Mercury is a toxic metal that can cause a variety
of adverse health effects depending on the form
of mercury (elemental, inorganic, or organic) and
the pathway, quantity, and duration of exposure.
Chronic exposure to small amounts of elemental
or inorganic mercury occurs primarily through
inhalation of mercury vapors and can cause
tremors, kidney dysfunction, and various
neurocognitive and behavioral disturbances [1].
Acute exposure to elemental or inorganic
mercury can occur in specific occupational
settings or during acute poisoning events and
can result in severe lung injury or death. Chronic
exposure to methylmercury, a common type of
organic mercury, occurs primarily through eating
contaminated fish. It can damage the central
nervous system, causing impaired vision and
hearing [1]. Methylmercury exposure is of
particular concern to the developing fetus that is
more susceptible to adverse neurological effects

2.

It is estimated that one tenth of all anthropogenic
mercury emissions world-wide is from artisanal
gold mining [3]. World-wide, estimated 10-20
million people mine gold in "artisanal" conditions
and an estimated 80—100 million individuals are
economically dependent on this way of life [4].
Although artisanal mining operations vary in size,
production, and legality, all rely on elemental
mercury to extract gold from ore deposits [4,5].
To mine gold, large amounts of elemental
mercury are mixed with gold ore to form a gold—
mercury alloy, called an amalgam. These
amalgams contain a mix of mercury and gold; to

remove the mercury, they are typically heated in
an amalgam furnace. The mercury vaporizes,
while the gold stays behind. During this process,
mercury is often discarded into the environment.
When it enters the water, it can transform into
organic  mercury compounds, such as
methylmercury, and bioaccumulate in fish. This
process presents three major potential routes of
mercury exposure: [1] miners can have dermal
exposure when they mix elemental mercury with
gold ore; [2] elemental and inorganic mercury
vapors can be inhaled when amalgams are
heated; and [3] methylmercury can be consumed
from contaminated fish.

Residents of artisanal gold mining communities
are at risk for mercury exposure [5]. Previous
research found elevated mercury exposure
among residents of artisanal mining communities
throughout Asia [6,7], Africa [8,9], and South
America [10,11]. The Peruvian Amazon is a
growing hotbed for artisanal mining, and there
is growing concern over the extensive
environmental mercury contamination that is
occurring here [12,13]. One region in particular—
Madre de Dios—is estimated to house
approximately 30,000 artisanal miners [12].
However, many studies from this region have
important laboratory limitations, with many not
calculating creatinine-corrected urine mercury
concentrations, and most not assessing blood
methylmercury. Mercury levels measured in urine
best represents exposure to elemental mercury,
while mercury levels measured in blood best
represents exposure to methylmercury; thus,
without both, it is difficult to create a complete
picture of mercury exposure.



2. MATERIALS AND METHODS
2.1 Study Design
This case control study was conducted to
evaluate serum mercury level and
microalbuminuria in traditional gold miners

working during the period from March to May
2016.

2.2 Study Area

The research was conducted mining region near
Dongola city named Kodorma and Alhsoor
Company in the same area in north state and
control subject in Khartoum State.

2.3 Study Population

The target population of this study includes 60
workers in traditional gold mining as a test group
(30 workers used or exposed to mercury and 30
workers used cyanide and exposed briefly to the
mercury mixture with soil) in addition to 30 age
matched health Individual not being in the mining
area as control group.

2.4 Inclusion Criteria

The study population includes all Sudanese male
subjects being working in traditional gold mining
in northern state, for period not less than six
month, they are not less than 18 years.

2.5 Data Collection

Data will be collected by using a structural
Interviewing questionnaire written in English
language.

2.6 Statistical Analysis

Data was analyzed using SPSS computer
program, data from all patient were presented as
percentage and (mean+SD),differences between
means of patients and control group were
considered statistically significant with p-value
threshold <0.05 wusing independent T-test.
Significant correlation (r) was calculated using
linear correlation test.

2.7 Ethical Consideration
Approval of this study was obtained Al-Neelain

university ethical committee; verbal consent from
individuals under study was also taken.
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2.8 Specimen Collection

Approximately 5 ml of blood was drown from
each subject by Sterile disposable venous blood
collection syringes with the holder in Sterile
vacutainers Plain containers, and the sample
preparation will be done by the method of
centrifugation at 3000 rpm for 10 minutes and
serum will be stored at -20c still the time of
mercury analysis.

Urine specimens were collected in sterile clean
dry containers without preservatives, NO
centrifugation or filtration and specimens
collected any time may be used (random
sample), if not used within 3 days of collection,
should be stored refrigerated at 2-8c.

2.9 Measurement of Mercury (Hg)

The DMA-80 combines the techniques of thermal

decomposition, catalytic conversion,
Amalgamation and atomic absorption
spectrophotometer controlled heating stages

were implemented to first dry and then thermally
decomposed a sample introduced into a quartz
tube. A continuous flow of oxygen carries the
decomposition products through a catalyst bed
where interferences were trapped.

All mercury species were reduced to elemental
Hg and were where carried along to a  gold
amalgamator where the mercury was selectively
trapped. The system was purged and the
amalgamator was subsequently heated which
releases all mercury vapors to the single beam,
fixed wavelength atomic absorption
spectrophotometer here, absorbance measured
at 253.7 nm was proportional to mercury content
in the sample.

2.10 Measurement of Microalbuminuria
(nAlb)

The diagnostic kit (DBC-diagnostic bio-chem
micro-albumin devic-canada) is used for human
urine micro albumin (colloidal gold). It is semi-
quantitative  chromatographic = immunoassay
using colloidal gold for detection of micro albumin
in human urine as screening test for kidney
damage in the early stage, basing competitive
inhibition, after being dropped into the sample
well on the membranes, urine specimen can
dissolve the precoated micro albumin-specific
mono-antibody labeled colloidal gold. If there is
microalbumin in the urine specimen, it will react
with the mono-antibody labeled colloidal gold on



the nitrocellulose filter, and there will be no or
only an undertint band on the test region (T).
Then the compounds labeled colloidal diffuse to
the reference region (R) and control region (C)
and react with the precoated goat anti-mouse
IgG, and a purple colored band will be develop in
both region on the membrane. If there is no
microalbumin in the urine specimen, the
microalbumin-specific mono-antibody labeled
colloidal gold will react with the microalbumin in
the test region (R), and a purple colored band will
develop.

The result should be observed in 5 -10 minutes,
and microalbumin is less than 20 mg/L, within
normal limits.

3. RESULTS

The study comprised of 60 gold miners, 30
workers with traditional mining of means age
(32.7316.67) years and ranged from 19-50 years,
and means of duration (3.1£1.81) years and
ranged from 1-7 years. Other 30 workers with
company mining used cyanide in gold extraction
from the west soil of traditional process used
mercury of means age (36.63+9.44) years and
ranged from (23-54) years, with means of
duration (12.845.43) years and ranged from .5-2
years. In addition to 30 (volunteers) with
means, age (32.73+10.24) years ranged from 18-
59 years.
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The study revealed that the mean+SD of mercury
in the ftraditional gold miners was
(124.2+136.7ug/1) versus (1.029+ 0.57ug/l) in the
control group with P. Value (<0.000). As
illustrated in (Table 1) normal value of serum Hg
<10 ug/l there is the significant increase in
mercury levels in traditional gold miners, when
compared with their control group but no
significant difference  when compared age
between traditional miners and control group P
Value=0.90 (Table 1) (Fig. 1).

The results showed that the mean of mercury
levels among traditional gold miners was
(124.2+136.7 pg/l) versus (1.82+1.14) in
company gold miners with p.value<0.000. As
illustrated in (Table 2), also there is significant
increase in mercury levels in traditional gold
miners compared with company gold miners but
no significant difference when compared age
between traditional miners and company gold
miners P. Value=0.070 (Table 2).

The results showed that the mean of serum
mercury levels in company gold miners was
(1.82+ 1.14) versus (1.029% 0.57 pg/l) in the
control group with P value<0.001. As illustrated
in (Table 3), there is significant increase in
mercury levels in company gold miners, when
compared with their control group, also no
significant difference  when compared age
between company gold miners and control group
p. Value =0.131 (Table 3) (Fig. 2).

Table 1. Comparison of means of age, serum mercury (Hg) levels in traditional gold miners and
their controls

Variable Group 1 (Control) Group 2 (Traditional gold Miners) P value
N=30 N=30

Agelyears 32.74 £ 10.24 32.73+ 6.67 =0.90
(18 - 59) (19 - 50)

Serum Mercury  1.029+ 0.57 124.2+ 136.7 < 0.000

(Mg /L) (.04 — 3.07) (2.32 — 462.5)

P value < 0.05 was considered significant

Table 2. Comparison of means of age, serum mercury (Hg) levels in traditional gold miners
and company gold miners

Variable Group (Company gold miners) Group (Traditional gold miners) P value
N=30 N=30

Agelyears 36.63 £ 9.44 32.73+ 6.67 =0.070
(23 - 54) (19 - 50)

Serum Mercury 1.82+1.14 124.2+ 136.7 < 0.000

(Mg /L) (.70 - 6.07) (2.32 — 462.5)

P value < 0.05 was considered significant
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Fig. 1. Scatter plot shows the relationship between the Age & (Serum Traditional Mining) of the
test group (r=-0.036, P= 0.891)
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Fig. 2. Scatter plot shows the relationship between the Age & Serum (company gold mining) of
the test group (r=-0.25, P=0.189)
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Table 3. Comparison of means of age, serum mercury (Hg) levels in company gold miners and
their controls

Variable Group 1 (Control) Group 2 (Company gold miners) P value
N=30 N=30

Agelyears 32.73+10.24 36.63+ 9.44 =0.131
(18 - 59) (23 - 54)

Serum Mercury (ug/L) 1.029+ 0.57 1.82+1.14 < 0.001
(.04 - 3.07) (.70 -6.07)

P value < 0.05 was considered significant

Table 4. Comparison of means of serum mercury in traditional gold miners according to routes
of exposure (skin contact and inhalation)

Variable Skin contact Inhalation P value
N=6 N=24

Serum mercury(ug/L) 38.57 £ 27.3 145+ 141.6 <0.020
(2.32-185.3) (4.89 — 462.5)

P value < 0.05 was considered significant

Concern the routes of exposure within traditional
gold miners, the results showed that the mean of
inhalation route in traditional miners was (145 +
141.6) versus (38.57 + 27.3) in skin contact route
with p.value<0.020. As illustrated in (Tables 4,5)
(Fig. 3), there is significant increase in mercury
levels in inhalation route traditional miners, when
compared with skin contact route traditional
miners.

Table 5. Distribution of exposure routes

Variable Frequency Percent
Inhalation 24 %80
Skin Contact 6 %20
Total 30 %100.0

s1

M inhalation
B Skin Contact

Fig. 3. Routes of exposure

Concerning the renal function the results of early
detection microalbuminuria showed that the
means of serum mercury in traditional gold
miners with abnormal renal function was
(57.36+26.536 ug/l) versus (131.61+£70.141 pg/l)
of serum mercury in traditional gold miners with
normal renal function with P Value (<0.046). As

illustrated in Tables 6, 7, there is the significant
increase in mercury levels in abnormal renal
function of traditional gold miners compared with
mercury levels in normal renal function of
traditional gold miners.

4. DISCUSSION

This case control study which carried out during
March to May 2016 in north state of Sudan to
determine serum levels of mercury,
microalbuminuria in 90 Sudanese subjects (60
gold miners compared to 30 non exposed
healthy subjects).the current study observed
significant increase in serum mercury levels in
traditional gold miners with p value <0.000,
refering the accepted reference values for the
blood mercury are 0 - 9 mg/l [14]. This finding
from the present study is in agreement with
Bishop et al. [14] and Watts et al. [15] who found
significant increase of mercury (Hg) levels in the
gold miners, it also agree with Gardner et al. [16],
who stated that the study observed significant
increase in serum mercury levels in the gold
miners, when compared with control group
(24,9+32.24 mg/l) versus (1.40+£0.94 mg/l)
respectively, (p=0.000).

Our findings suggest that mercury exposure may
be widespread in north state. All residents had
mercury detected in their blood sample,
suggesting recent exposure. Thus, our findings
support the need for preventive interventions to
reduce mercury exposure in north state and
other artisanal gold mining state and for
continued assessments to measure baseline
exposures and evaluate the adoptability and
effectiveness of future interventions.
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Table 6. Comparison of means of serum mercury in traditional gold miners according to
results of microalbuminuria

Variable Ab Normal Normal P value
N=3 N=27

Microalbuminuria  57.36+% 26.536 131.61+ 70.141 0.046

(Mg/L) (2.32 — 109.8) (3.38 — 462.5)

P value < 0.05 was considered significant; T-test was used for comparison

Table 7. Distribution of microalbumin among
traditional miners

Variable Frequency Percent
Normal pAL 27 %90

Ab Normal pAL 3 %10
Total 30 %100

This is one of the first investigations to measure
mercury concentrations in an artisanal gold
mining community using blood and
microalbuminuria as biomarkers, and one of the
first comparison in serum mercury level between
traditional and company gold mining.

The result of study provide experimental
evidence that, there was significant increase
between mean serum mercury levels of
traditional miners in comparison with company
miners used cyanide with (p-value >0.000) which
agree with the global direction which forced to
use cyanide in gold extraction process as safety
method in mining.

Concern the routes of exposure within traditional
gold miners, the results showed that the mean of
inhalation route in traditional miners was
significant increase when compared with skin
contact route with (P value<0.020).

When amalgams are heated, anyone in the
vicinity can be exposed to mercury vapors. When
amalgams are heated, anyone in the vicinity can
be exposed to mercury vapors In Amazonian
gold mining communities, amalgam furnaces are
often dispersed throughout the town and can be
located adjacent to community shops and
residences. Thus, anyone who happens to be
nearby can be exposed to mercury vapors when
amalgams are heated. Given their potential to
disperse mercury vapors throughout a wide area
[4,9], it is likely that mercury inhalation via
amalgam heating is the primary mercury
exposure pathway in most Amazonian artisanal
mining communities. Because mercury may
reach water sources, people with high seafood
consumption may have urine level of mercury up
to 50g/l without clinical signs of toxicity [17].

5. CONCLUSION

The study concluded that, serum mercury levels
are significantly increased in traditional gold
miners, working in Kodorma area in comparison
to non-exposed subjects and mining company
workers used cyanide.

Urine microalbumin levels show significant

increase in traditional gold miners in comparison
to control group and mining company group.
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