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We assessed the biochemical effects of effluent pollutants from coal mining
activities using the freshwater snail, Helisoma duryi, as a bioindicator species.
Water samples were collected from 3 different sites in a coal mining area
in Hwange. Physical parameters were measured on site and these were pH,
total dissolved solids (TDS), temperature and conductivity. The water was
analyzed for zinc, lead, copper and cadmium. Fresh water snails, in groups
of 60, were exposed to sampled water diluted with tap water in the ratios
95:05 for sites 1 (coal processing plant) and 2 (underground acid rock
drainage point) and 10:90 for site 3 (power production plant). The exposure
duration was 28 days with snails collected at 7 day intervals to determine
time dependent effects of effluent from mining activities. After the exposure
duration, post mitochondrial fractions were prepared and used to determine
catalase, superoxide dismutase and acetylcholinesterase activities. Very low

acidic figures were observed in the water samples with site 2 having a pH
of 2.13. High levels of TDS (1.21 ppt) and conductivity of 2.42 mS were
observed at Site 1. High levels of zinc (540.0 mg/L + 4.86 mg/L), copper (53.2
mg/L + 0.16 mg/L), lead (9.6 mg/L + 0.03 mg/L) and cadmium (4.3 mg/L +
0.07 mg/L) were observed in the water samples. Time depended inhibitions
of acetylcholinesterase and catalase were observed in snails exposed to water
collected from Site 3 whilst superoxide dismutase activity showed a decrease
over time. These results suggest that pollutants from the mining activities
affect the reactive oxidative status of aquatic biota as indicated by the
alterations of the studied enzymes in the freshwater snail H. duryi. There is
therefore, need for constant monitoring of water bodies in coal mining areas
to safeguard the health of aquatic life from adverse effects of effluent from
coal mining activities.
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INTRODUCTION

Extensive mining activities carried out by both skilled and unskilled miners
in Zimbabwe adversely affect the environment. The problems associated
with such activities are land degradation, deforestation and extensive water
pollution with deleterious effects to both flora and fauna. The occurrence
of metals in effluent water is not only associated with ground and surface
water contamination, but is also responsible for the degradation of aquatic
environments, leading to mortality and morbidity of animal species, as well
as infection of human beings. Chemical waste management and disposal
from coal mines should be aimed at reducing toxic heavy metals such as
mercury, nickel, chromium, copper, lead, cadmium and arsenic [1].

In coal mining areas, the most common mineral containing reduced forms
of sulfur is iron pyrite (FeS,) [2] Pyrite is the predominant species in coal
and associated rocks and is the major acid-producer [3]. Acid mine drainage
(AMD) is a major driving force responsible for heavy metal pollution. It
is generated by the formation of sulphuric acid when sulphur-containing
minerals such as pyrite undergo weathering in the environment [4]. Acid
rock drainage causes metals trapped in geologic material in the mineral ores
to be released into the environment thereby rendering them available for
ecological uptake. Heavy metals are of high environmental concern because
they cannot be removed from aquatic systems by self-purification but instead
accumulate in the underlying sediments where they can enter food chains
[5]. As a result, sediments are a sink as well as a source of heavy metal
contaminants. They reflect the quality of particular surface water.

The aim of this study was to assess the impact of acid rock drainage in aquatic
bodies in the vicinity of a coal mine by determining levels of selected metal
residues and assessing the effect of the sampled water on freshwater snail
Helisoma duryi.

MATERIALS AND METHODS
Sampling and physical parameter analysis

Water and sediment samples were collected in triplicate from three

sites namely; Site 1 was effluent from coal processing plant, Site 2 was
underground acid rock drainage point and Site 3 was effluent from a power
production plant. Glass reagent bottles were used for water samples whilst
polythene bags were used for sediment samples. Municipal water was used
as the control. Temperature, pH, conductivity and total dissolved solids
parameters were measured at each site.

Exposures

Snails were bred in cement aquaria outdoors as described by Naik and Hasler
in 2002. They were collected and acclimatized to laboratory conditions for
24 hours before exposures. For the concentration screening studies, snails
were exposed to different dilutions of water samples collected from the 3
different sites over 48 hours to determine the LC-50 values. The samples
were diluted in the following ratios 90%, 75%, 50%, 25%, 10%, 7.5%, 5%
and 2.5%. (Sample: tap water). Sixty snails (in triplicate) were exposed to
sub-lethal levels of effluent, 5% concentration from Sites 1 and 2 and 90%
concentration for Site 3. Ten snails were collected on day 1, 7, 14, 21 and 28
from each exposure tank [6-15].

Biochemical analysis

The snails were sacrificed, deshelled, weighed and homogenized with 5
volumes of 0.1 M potassium phosphate buffer (pH 7.4) and centrifuged
at 10 000 x g for 10 minutes. The supernatant was stored at -80°C until
required. Protein content in the post-mitochondrial fractions of the whole
snail homogenates was determined using the method of Lowry et al. [17].
The post- mitochondrial fractions (PMF) were used to determine catalase,
superoxide dismutase and acetylcholinesterase activities.

Superoxide dismutase

The activity of superoxide dismutase (SOD) in post-mitochondrial fractions
was determined following the method of Sun et al. The reaction mixture
contained 0.5 mL sample or standard copper, zinc superoxide dismutase (Cu,
Zn-SOD) and 2.45 mL SOD Assay Reagent (SODAR) The SODAR contained
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40 mL of 0.3 mM xanthine, 20 mL of 0.6 mM ethylenediaminetetraacetic
acid (EDTA), 12 mL of 400 mM sodium carbonate, 6 mL of 0.1% w/v bovine
serum albumin and 20 mL of 150 pM nitroblue tetrazolium. The working
range for the Cu, Zn-SOD standard curve was 0-300 ng/mL. One enzyme
unit of SOD was defined as the amount, which inhibited the nitroblue
tetrazolium reaction by 50%. Cu, Zn-SOD activity in the samples will be
calculated as units/mg protein by comparison to the standard curve.

Catalase

The activity of catalase (CAT) was determined spectrophotometrically
according to the method of Clairborne in 1979. The reaction mixture
consisted of 2950 pL of 19 mM hydrogen peroxide solution in 50 mM
potassium phosphate buffer (pH 7.0) and 50 pL PMF (I mg/mL protein).
The blank had 3000 pL of buffer with no substrate. The mixture was
incubated at 25°C the rate of decrease in absorption was monitored at a
wavelength of 240 nm.

Acetylcholinesterase

The enzyme activity was measured using acetylthiocholine iodide as a
substrate following the Ellman method that was modified for a plate reader
by Kallander et al.

The reaction mixture contained 50 pL of 0.1 mg/mL PMF, 110 pL of 0.01
M Tris- hydrochloric acid buffer pH 8 and 50 uL of 0.4 mM 5, 5 dithio-bisA(2
nitro benzoic acid) DTNB. The mixture was incubated for 3 minutes before
adding 30 pL of 0.5 mM acetylthiocholine iodide. The rate of production
of a complex between thiocholine and DTNB was followed for 3 minutes
at 412 nm.

Heavy metal analysis
Water

The water samples were filtered using a Whatman 40 micron filter paper and
then kept in the refrigerator for analysis.

Statistical analysis

Data was reported as mean enzyme activity of specific antioxidant enzymes.
Two-way ANOVA was used to assess statistical differences using the
GraphPad prism 8 programs.

RESULTS
Physico-chemical analysis of water samples

Results of physico-chemical analysis of water samples are shown in Table 1.
Water collected from Site 1 (coal processing plant) and Site 2 (underground
acid rock drainage point) had the higher values of conductivity and total
dissolved solids whilst exhibiting low pH when compared to the values for
water samples obtained from the control site.

The control and Site 3 (power production plant) samples had similar pH,
their values lying in the range 5.7 to 5.9. There was however significant
differences in the conductivity values of 64.9 pS and 253 pS between samples
collected from the control site and Site 3 respectively whilst total dissolved
solids values of 32.4 mg/L and 128 mg/L were observed between samples
from Site 3 and those from the control site.

TABLE 1

Physico-chemical parameters of water samples

Point pH Temperature (°C) Conductivity Totalslo)liizssolved
Site 1~ 3.00 24.6 2.42 mS 1.21 ppt
Site2  2.13 16.6 2.41 mS 1.20 ppt
Site3  5.77 224 253 pS 128 ppm
Control 5.84 23.7 64.9 pS 32.4 ppm

Heavy metal analysis

Results of heavy metal analysis for water are shown in Table 2.

TABLE 2

Heavy metal analysis of water

Variables Sampling site (mg/kg)
Heavy metal 1 2 3
Lead (Pb) 9.6 £0.03 7.1 £0.17 4.5 +0.05
Cadmium (Cd) 4.3 +0.07 3.9 £0.11 1.1 £0.05
Copper (Cu) 53.2 +0.16 33.5+0.10 34.0+0.34
Zinc (Zn) 525.0 +2.63 540.0 + 4.86 31.3 £ 0.06

From 4.5 mg/kg to 9.6 mg/kg whilst copper concentrations were in the
range of 33.5 mg/kg to 53.2 mg/kg. Cadmium concentrations were in range
1.1 mg/kg to 4.3 mg/kg and zinc concentrations were in the range 31.3 mg/
kg to 540.0 mg/kg were observed from the samples obtained from the three
sampling sites.

Superoxide dismutase

Results of superoxide dismutase activity are shown in Figure 1.
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Figure 1) Superoxide dismutase activity of the freshwater snail Helisoma duryi
exposed to water from Sites 1 (coal processing plant), 2 (underground acid rock
drainage point) and 3 (power production plant). Values are means + SD of triplicate
exposures. Different letters on bars indicate significant difference (p<0.05) and the
same letters on bars indicate that there are no significant differences.

There was a significant increase in SOD activity on days 1, 7, 14 and 21 in
snails exposed to water from Site 1 when compared to enzyme activity in
snails exposed to the control water. The enzyme activity of snails exposed to
water from Site 1 dropped to levels of control values on day 28. A similar
trend was observed for snails exposed to water from Site 2 with the exception
of results on day 1 where statistically non-significant increase in SOD activity
(p>0.05) was observed compared to SOD activity of snails exposed to the
control water. There was a significant increase in enzyme activity for snails
exposed to water from Site 3 on days 1 and 28 whilst a significant decrease
(p<0.05) in enzyme activity was observed on days 7, 14 and 21 compared to
SOD activity in snails exposed to control water. A statistically significant
decrease (p<0.05) in enzyme activity was observed in snails exposed to Site 1
and 2 on (Figure 2).
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Figure 2) Catalase activity of the freshwater snail Helisoma duryi exposed to water
from sites 1 (coal processing plant), 2 (underground acid rock drainage point) and 3
(power production plant). Values are means = SD of triplicate exposures. Different
letters on bars indicate significant difference (p<0.05) and the same letters on bars
indicate that there are no significant differences.

Statistically significant increase of catalase activity (p<0.05) in snails exposed
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to water from Site 1 was observed throughout the exposure period compared
to the basal enzyme activity in snails exposed to control water on Day 1.
However, the activities of catalase for Day 1 exposures were significantly
reduced when compared to activities of the enzyme in snails exposed to
control water.

The activities of the enzyme in snails exposed to water from Site 1 remained
the same as the enzyme activity values in snails exposed to control water
from Day 7 to Day 28. There was a significant increase in enzyme activity on
Day 1 which was followed by a twofold decrease in enzyme activity for snails
exposed to water from sites 2 and 3 when compared to enzyme activity in
snails exposed to control water on Days 7, 14, 21 and 28 save for the enzyme
activity for snails exposed to Site 3 which resorted to Day 1 values.

Acetylcholinesterase

There was a statistically significant decrease in acetylcholinesterase activity
in snails exposed to water from Sites] and 3 on day 1, 7, 21 and 28 whilst
the activity of the enzyme on day 14 remained statistically the same when
compared enzyme activity in snails exposed to control water. On day 28, a
statistically significant increase in activity of the enzyme in snails exposed to
water from Site 2 compared to enzyme activity in snails exposed to control
water was observed.
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Figure 3) Acetylcholinesterase activity of the freshwater snail Helisoma duryi exposed
to water from sites 1 (coal processing plant), 2 (underground acid rock drainage point)
and 3 (power production plant). Values are means + SD of triplicate exposures.
Different letters on bars indicate significant difference (p<0.05) and the same letters
on bars indicate that there are no significant differences.

DISCUSSION

The measurement of TDS integrates all anions and cations and some ions
are substantially more toxic than other ions. Different aquatic organisms vary
in their sensitivity to TDS toxicity depending on different life stages, for
example most fish species are sensitive to TDS during fertilization [6-10].
Acid rock drainage produces sulphuric acid and elevated concentrations of
ions. The acid facilitates the dissolution of other minerals causing a high
load of dissolved solids. This is probably the reason for the observed low
pH and high TDS at Sites 1 and 2 (Table 1). Electrical conductivity gives
an indication of the amount of total dissolved solids in water hence high
TDS values correlate with high conductivity in water (Yilmaz and Koc, 2014).
According to World Health Organization (WHQO) guidelines, freshwater
that has TDS values below 1000 ppm is good enough for both drinking
and irrigation. Our results show that Site 3 and control (Table 1) satisfy this
requirement. However, water from both the control site and Site 3 has a pH
lower than the World Health Organization recommended pH value of 6.5 or
higher for drinking water (WHO, 2010).

Metals occur naturally in the environment but due to anthropogenic
activities their levels in ecosystems increase to levels that cause adverse effects
to other organisms. Metals like lead are introduced in aquatic ecosystems as
effluent from mining and industrial activities. Literature shows that metals
induce oxidative stress in cells of living organisms and these results from an
imbalance between the generation and elimination of reactive oxygen species.
In the current study Sites 1 (coal processing plant) 2 (underground acid rock
drainage) and 3 (power production plant) were polluted with lead at 9.6 +
0.03, 7.1 £ 0.17 and 4.5 £ 0.05 respectively. In comparison to the Zimbabwe
Environmental Management Agency Regulations of 2007 which defined the
hazardous levels of zinc in water at 15 mg/1(S.1. 6 of 2007), sites 1 and 2 were
heavily polluted with zinc with concentrations ranging from 525 mg/kg to
540 mg/kg (Table 2). The contributing factor to the high zinc concentrations
is probably the fact that effluent from both sites is from plants that utilize

3

coal [7]. Metals like lead probably cause production of reactive oxygen species
(ROS) which, if not eliminated effectively, attacks macromolecules in living
organisms [10-15]. The actual mechanism of elimination of ROS like the
superoxide anion radical is generally by the dismutation activity of SOD
producing hydrogen peroxide. The observed activation of SOD in snails
in our study suggests that the detoxification of the pollutants by the snail’s
defense system produces superoxide anion radicals as byproducts which are
detoxified by the activity of SOD. Induction of CAT is a protective response
by the snail’s system to combat the oxidative stress effects of hydrogen
peroxide, a product of the dismutation of superoxide anion radical by SOD.
These results are consistent with our earlier findings [15-20] and findings of
[21-23] who also observed elevated CAT activities in snails exposed to metals
such as lead, cadmium, iron and copper.

The first line of defense among antioxidant enzymes is superoxide dismutase
and its increase in activity in our study suggests the consistent attempt by the
snail’s defense system to counteract the toxic effects of superoxide radicals
generated during normal metabolism associated with presence of metals in
the snail’s body. General increases in the activities of superoxide dismutase
were observed in snails exposed to Sites 2 (underground acid rock drainage
point) and 3 (power production plants a response to the heavy metal
pollution (Figure 1).

Significant inhibition of AChE in snails exposed to Site 3 was observed
and was attributed to the high lead and zinc concentration. According to
Calabrese and Baldwin [24,25], metals like aluminium have been found
to have hormetic effects on AChE where inhibition can be a result of
compensatory mechanisms following a disruption in homeostasis. Activation
of AChE observed in Figure 3 for exposed snails can also possibly be a result
of hormesis due to low concentrations of cadmium in the initial days of
exposure to effluent. Hormesis a phenomenon characterized as a dose
response with stimulation of AChE at low doses and inhibition at high doses.
Inhibition of catalase observed for snails exposed to Site 3 is in agreement
with a decrease in catalase activity that was observed in Lymnaea natalensis
exposed to sediment and water contaminated by lead.

CONCLUSION

The significant changes in enzyme activity in this study indicate the suitability
of H. duryi as a bioindicator species for heavy metal exposure. The varied
responses of SOD and CAT which are likely a result of the interaction of the
different elements of mine effluent show the oxidative stress experienced by
the fresh water snails exposed to sublethal levels of the effluent which shows
that they are good biomarkers of water pollution.
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