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Abstract

Degradation of coastal ecosystems is an issue of growing concern. Discharges of sewage effluents to sea water
is a major contributor to marine pollution. This study examines the biogeochemical effects of sewage pollution on
the condition factor and energy reserves of Nerita polita. A total of 135 molluscs were exposed to varying sewage
concentrations of between 5%-50%. Physicochemical parameters of the exposure media were characterized using
standard techniques. Condition factor of Nerita polita was determined weekly using the Fulton’s index. After the exposure
period, the molluscs were sacrificed and energy reserves determined. Increase in sewage pollution resulted in elevation
of ammonia (0.01-0.08 mg/L), phosphate (0.05-156 mg/L), nitrates (0.02-1.99 mg/L) and temperature (24.34-25.12°C),
while pH (7.75 to 7.29) and dissolved oxygen (5.62-2.38 mg/L) were lowered. There was no correlation between the
condition factor of Nerita polita and the sewage pollution. Glucose, lipid and protein concentrations in the mollusc tissues
ranged from 29.6-71.3 mg/L, 171-677 mg/L and 338-445 mg/L, respectively, and they decreased along the increasing
sewage gradient. Energy reserves in Nerita polita were highest in lipids, followed by proteins and glucose the least
and they were affected by the pollution gradient. Findings of this work suggest that energy reserves are sensitive bio
indicators but that conditional factor is an unreliable marker to assess acute sewage toxicity. In addition, increase in
sewage pollution also leads to a decrease in the water quality and that sewage concentrations above 30% can have

profound effects on Nerita polita.

Keywords: Sewage pollution; Nerita polita; Energy reserves;
Condition factor; Bio indicator

Introduction

Coastal areas are a home to more than half of the world’s
population and their major economic output is related to activities
such as shipping, oil and gas development, tourism and fisheries [1].
Degradation of marine water is an issue of global concern. One of
the most serious sources of marine pollution in coastal waters is the
discharge of sewage effluents [2]. Sewage pollution is often manifested
by elevated concentrations of inorganic nutrients; especially
phosphate, nitrates and ammonia [3]. Excess phosphate and nitrates
cause eutrophication which increases algal blooms, leading to oxygen
depletion and reduction in quality of water, fish, coral, and other
marine populations. Society and managers require tools based on
sound scientific knowledge to properly monitor, manage and protect
the sensitive marine ecosystem. Such tools include chemical analysis of
water, use of condition factor and bio indicators [4-6].

Chemical analysis is the most direct approach of sewage toxicity
and it involves determination of the physicochemical properties of the
exposure media. The most informative physicochemical parameters of
water are temperature, pH, oxygen and dissolved inorganic nutrients
[7-9], and they formed part of this study. Chemical analysis of the
contaminants in marine water has limitations in that it does not provide
reliable evidence of the integrated influence and possible toxicity of
such pollutants to the organisms and ecosystem [6,10].

Condition factor is one of the indices designed to communicate
information about the current status, and when recorded over time,
can yield valuable information about changes or trends [11]. Use of
condition factor, as an index, provides a way of determining the effect
of pollutants or serve as a measure of aquatic pollution by sewage
though it is less sensitive than biochemical parameters. Condition
factor is affected by a number of additional environmental stressors
next to pollutants such as salinity, temperature, infestation with

parasites and food under field conditions where such parameters are
not easily controlled [12].

Bio monitoring has been applied in a number of places to
determine the deleterious effects of sewage pollution. It involves the
use of indicators, indicator species or indicator communities to detect
changes in water and sediments quality. The presence or absence of a
bio indicator is usually interpreted to reflect environmental conditions.
The most commonly used bio indicators include benthic macro
invertebrates such as molluscs, fish or algae [12].

Molluscs have successfully been used to obtain information on
the quality of terrestrial, marine and fresh water ecosystems and to
quantify the exposure and effects of contaminants in the environment
[13]. They are preferred as good bio indicators because they are
abundant, have limited mobility, easy to handle, lack exoskeleton
and have limited ability to excrete pollutants. Nerita polita was the
test organism of choice because they are highly abundant in tropical
marine ecosystems and are filter feeders hence their tissues represent
their environment well. Nerita polita, are also non-controversial as
organisms for ecotoxicological research, especially as test animals and
for environmental monitoring [12].

Due to their sedentary habitat, Nerita polita are exposed to a
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variety of environmental stressors such as raw sewage and heavy metals
especially in urban areas where human population and industrialization
has been on the rise [14]. They hence require energy to surpass any
physiological stress resulting from sewage toxicity. Energy reserves
are the most sensitive stress biomarker in an organism [15]. They are
an integrative measure of energy status of an organism at a particular
time. Several authors have demonstrated negative effects of pollutants
on energy uptake [16-18] and on the energy budget of organisms
[19-21]. These findings are limited to Daphnia magna, Dreissena
polymorpha, Danio rerio and Mytilus edulis. Similar information on
Nerita polita is lacking. This study was therefore conceived with the
aim of investigating the biogeochemical effects of sewage pollution on
the mollusc Nerita polita by determining its impacts on the condition
factor and energy reserves.

Materials and Methods
Experimental design

A laboratory bioassay that involved exposure of Nerita polita to
serially diluted sewage was conducted to determine impacts of sewage
on aquatic ecosystem. A laboratory setting was preferred because
large-scale effects on ecosystem results in a challenging research
environment as most of the influencing parameters rather than
pollution can be controlled or accounted for in the control tank. Since
the concentration of sewage differs with the tide cycles with the highest
impact occurring during low tides, serial dilutions were made to cover
environmentally relevant concentrations. Higher exposure levels above
the environmental concentration were included to mimic expected
future increase of sewage inputs into the coastal areas.

Sewage

The molluscs bioassay consisted of nine different concentrations
in 19 Litre glass aquariums as follows: Control (tank 1) had 0% sewage
whereas tank 2, tank 3, tank 4, tank 5, tank 6, tank 7, tank 8 and tank 9
had 5%, 7.5%, 10%, 15%, 20%, 30%, 40% and 50% of sewage in a total
volume of 15 litres, respectively. Tanks 1-4 represented the possible
sewage concentrations during high and low tides, whereas tanks 5-9
were included to represent any possible future increase in discharge
of sewage. Sewage was obtained from Kenya Marine and Fisheries
Research Institute sewage ejector pipe draining in to the Indian Ocean.
Fifteen molluscs of length 2-3 centimetres were used in each treatment
tank.

Physicochemical analysis

Water temperature, dissolved oxygen as well as pH were measured
in each treatment tank using a digital YSI probe (Professional
plus®Ohio, USA). Ammonia, nitrates and phosphate were determined
as described by Parsons et al. [22] and Strickland and Parsons [23].
The physicochemical parameters of the raw sewage were determined
along with the sewage treatments at 0900 Hours daily. The raw sewage
was expected to have an implication on these parameters because it is a
cocktail from wastes from the laboratories, kitchen and washrooms. The
wastes vary in composition and concentration and therefore, whether
this sewage had an effect on the properties of the receiving waters and
living organisms remained to be established by this study.

Condition factor

The length and weight of mollusc was determined weekly over a
three week period. Condition factor was calculated using Fulton’s

Parameter Mean Values
pH 7.21£0.17

Temperature 27.37+0.68°C
Dissolved oxygen 1.57+0.04 mg/L
Ammonia 2.2940.02 mg/L
Nitrates 8.36+0.01 mg/L
Phosphates 280.4943.15 mg/L

Table 1: Means of various parameters in raw sewage used for sewage exposure
experiment.

mathematical formula [24] as shown below.

K:lOO%

Where: K = Condition factor

L = Length of mollusc in centimetres
W =Weight of mollusc in grams
100 = Factor to bring K close to unity.
Energy reserves

At the end of the experiment, Nerita polita from the same
exposure tanks were pooled and homogenised using a home blender.
The homogenate was further refined using a homogenizer (Homgen
Plus®Gottingen, Germany). The homogenate was kept frozen at -60°C
for analysis of energy reserves concentrations (glucose, lipids and
proteins). Body glucose content was determined using the Anthrone
method [25]. Lipid content was determined by dissolving homogenized
tissue in chloroform [26]. Protein was analyzed using the Kjeldahl
method as recently described by Magomya et al. [27]. Energy available
was calculated by summing the energy values for the different reserves.
The enthalpy of combustion for each energy reserve is 24000 J per one
gram of protein, 16000 J for glucose and 39500 J for lipids [28].

Statistical analysis

The condition factor of molluscs as well as the physicochemical
properties of exposure media was expressed as mean + standard
deviation. Pearson product moment correlation was obtained using
Minitab 16. This gave r and p values that were used to interpret
the relationships between energy reserves, condition factor,
physicochemical parameters and dissolved inorganic nutrients and the
increasing sewage pollution. In addition, multiple comparisons between
the different treatment tanks were determined using ANOV A followed
by Tukey’s test with Bonferroni adjustment for the physicochemical
parameters. The statistical significance was considered at p<0.05.

Results

Characteristics of the raw sewage

Parameters of the raw sewage are presented in Table 1. The pH
and temperature were within their permissible limits. However, the
dissolved oxygen was below the expected minimum value of 4 mg/L
and this posed a direct danger to aquatic organisms in the treatment
tanks. The measured value of phosphates was 280.49+3.15 mg/L which
is 28 times higher than the allowable limit of 10 mg/L. Ammonia and
nitrates levels were 2.29+0.02 mg/L and 8.36+0.01 mg/L, respectively,
both of which were within permissible limits.
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Treatment Sewage Temp

tank concentration pH (°C)
1 0% 7.75+0.03 24.34 +0.46
2 5% 7.70 £0.03 24.40+0.49
3 7.5% 7.70 £0.01 2442 +0.48
4 10% 7.70 £0.01 24.50 + 0.44
5 15% 7.66 +0.06 24.56 + 0.42
6 20% 7.60 £ 0.08 24.60 +0.39
7 30% 7.57 £0.04 24.70 £+ 0.34
8 40% 744 £017* 24.80+0.37
9 50% 7.29£0.10* 2512+ 0.46

Page 3 of 9
Dissolved oxygen |Ammonia | Witrates Phosphate (mglL)
5.62+0.27 0.01+0.01 0.02 + 0.01 0.05+0.01
526 +0.26 0.01 +0.05 0.02 + 0.01 0.26+0.17
4.97 £0.24 0.02 + 0.04 0.02 + 0.01 0.36+0.26
4.81+0.19 0.02 + 0.05 0.03 +0.01 0.47 +0.30
4.50 +0.27* 0.03 £ 0.07 1.25+0.91 77.82 + 3.66**
4.38 +0.28* 0.03 +0.05 1.47 £ 0.20 88.69 + 2.67**
4.10 £ 0.39** 0.04 + 0.05 1.72+£1.26 109.43 £ 2.91**
3.48 +0.42** 0.06 + 0.02 1.85+1.38 144.43 + 2.94**
2.38+0.26™* 0.08 + 0.02 1.99+1.45 155.92 + 2.74**

Results are expressed as mean + standard deviation of triplicates. The p values are for multiple comparisons between the control and other treatments: *p<0.05, **p<0.001.
Table 2: Effects of sewage pollution on the physicochemical properties of marine water.

Effects of sewage on physicochemical properties of marine
water

Table 2 summarises water quality in the nine treatment tanks
containing varying levels of sewage pollution. The values in table are
the averages of each parameter in each treatment tank over the study
period. Tank 1 (control) contained only sea water with no sewage
while tank 9 contained the highest amount of sewage (50%). The
water temperature was lowest (24.3°C) in the control tank and was
highest (25.1°C) in tank 9. This showed that the temperature of the
exposure media increased along the pollution gradient and that there
was a significant positive correlation between temperature and sewage
concentration (r = 0.978; p<0.05).

The trend of the pH was opposite that of the temperature in that
there was a gradual drop in pH with increase in sewage concentration.
Exposure media in the control tank had the highest pH at 7.75 while
tank 9 had the lowest pH of 7.29. Pearson correlation indicated that
there was significant negative correlation between pH and sewage
concentration (r = -0.965; p<0.001). Dissolved oxygen followed a
similar pattern as that of the pH in that it gradually decreased with the
increase in the sewage concentration. The highest levels of dissolved
oxygen were observed in tank 1 with 5.6 mg/L and the lowest levels
were in tank 9 with 2.4 mg/L. The amount of oxygen in tank 9 was
less than half of that measured in the control tank. Pearson correlation
showed a significant negative correlation between dissolved oxygen
and the sewage concentration (r = -0.981; p<0.05).

Ammonia concentration in the control tank was low (0.01 mg/L)
and as the sewage concentration increased, there was a gradual rise
in the ammonia levels. The highest levels of ammonia were recorded
in tank 9 (0.08 mg/L) which is about 8 times higher than the control.
The correlation between ammonia and sewage levels was significantly
positive (r = 0.994; p<0.001). Initially the nitrate levels followed
the same pattern as ammonia with the control tank recording a low
concentration of 0.02 mg/L and there was a gradual rise with the
increase in the pollution gradient. However, there was a sharp spike
in nitrate levels in tank 5 and this increase continued with the highest
levels being recorded in tank 9 (1.99 mg/L) which had nitrate levels
that were over 100 times above those of the control tank. Pearson
coefficient indicates a significant positive correlation between nitrates
and pollution gradient (r = 0.903; p<0.05). Phosphate levels followed a
similar pattern to that of nitrates in that they increased with increase
in pollution gradient, and that there was a sharp spike in tank 5 (77.8
mg/L). Likewise the highest levels of phosphate were recorded in tank 9
(156 mg/L) which was over 3,000 times higher than that of the control.
Pearson correlation indicated a significant positive relationship

between the phosphate and the pollution gradient (r = 0.950; p<0.05).

Tukey’s post hoc analysis of pH at different sewage concentrations
indicated a statistically significant difference at 40% (7.44 + 0.17;
p<0.05) and 50% (7.29 £ 0.10; p<0.001) when compared to the control
(7.75 £ 0.03). pH levels for all the other treatments were insignificant
(p 0.05) (Table 2). Dissolved oxygen levels were statistically significant
at p<0.05 for concentrations of 15% (4.50 + 0.27 mg/L) and 20%
(4.38 £ 0.28 mg/L) while concentrations of 30% (4.10 + 0.39 mg/L),
40% (3.48 + 0.42 mg/L) and 50% (2.38 + 0.26 mg/L) were statistically
significant at p<0.001. Phosphate were significantly (p<0.001) higher
at concentrations of 15% (77.82 + 3.66 mg/L), 20 % (88.69 + 2.67
mg/L), 30% (109.43 + 2.91 mg/L), 40% (144.43 + 2.94 mg/L) and 50%
(155.92 +2.74 mg/L) when compared to the control (0.05 + 0.01 mg/L).
There was no statistical significant (p0.05) difference in temperature,
ammonia, nitrates for all the nine treatment tanks.

Effects of sewage pollution on the condition factor (K) of
Nerita polita

Table 3 summarises the effect of sewage pollution on condition
factor of Nerita polita in the nine treatment tanks. In the control tank,
the condition factor was 0.34 + 0.37 in week one, 0.34 + 0.08 in week
two and 0.35 + 0.09 in week three. In the tank containing 50% sewage,
the condition factor was 0.33 + 0.03 in week one, 0.38 + 0.23 in week
two and 0.29 + 0.05 in week three. Pearson correlation analysis between
the K and increasing sewage pollution showed no distinct trend
between the increasing sewage pollution and the condition factor over
the study period was not statistically significant. The statistics were (r
=-0.13, p>0.05; r = 0.34, p>0.05; r = -0.22, p>0.05) for week 1, week 2
and week 3, respectively.

Effect of sewage pollution on glucose levels in the tissues of
Nerita polita

Figure 1 shows the effects of sewage pollution on energy levels in
the tissues of the mollusc Nerita polita after the exposure period. The
trend of the glucose levels was that there was a gradual drop in the
glucose levels in the tissues of molluscs with increase in the pollution
gradient. The highest concentration of glucose was recorded in control
tank at 71.3 mg/L while the lowest concentration was found in the
molluscs in tank 9 (29.6 mg/L), which represents a 58% drop across
the pollution gradient. Pearson coefficient analysis between the glucose
levels and increasing sewage pollution indicated a highly significant
negative correlation (r = -0.999: p<0.05).

Effect of sewage pollution on lipid levels in the tissues of
Nerita polita
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Figure 1: Relationship between energy reserves in the tissues of Nerita polita
and the pollution gradient.

The trend of the relationship between lipid levels in tissues of Nerita
polita and increasing sewage pollution was similar to that observed
with glucose in that increase in sewage pollution was accompanied by
decreasing levels of lipids (Figure 1). The highest levels in lipids were
recorded in the molluscs harvested in the control tank (677 mg/L) and
the least levels were those in the in the tank containing 50% sewage
(171 mg/L) which translates to a four-fold difference. There was a sharp
drop (33%) in the lipid levels from 645 mg/L to 432 mg/L when sewage
concentration was increased from 5% to 7.5%. Coeflicient correlation
analysis confirms the existence of a significant inverse relationship
between the two variables (r = -0.914: p<0.05).

Effect of sewage on the protein levels in the tissues of Nerita
polita

Just like with glucose and lipids, increase in sewage pollution was
also accompanied by a gradual drop in the levels of protein in the
tissues of Nerita polita. Figure 1 shows that in the control tank, the
protein levels were 445 mg/L and in the treatment tank with the highest
sewage pollution the levels were 338 mg/L, which is a 24% difference.
Pearson correlation indicated a statistically significant relationship
between the two variables (r = -0.97, p<0.05).

Effects of sewage on the total energy available in the tissues
of Nerita polita

Table 4 summarizes the total energy available in joules in the
tissues of Nerita polita subjected to a sewage pollution gradient. These
values were obtained by summing the individual energy values of
glucose, lipids, and proteins of all the molluscs in each treatment tank.
The major source of energy for Nerita polita was the lipids, followed by
proteins while glucose provided the least. For glucose; the amount of
energy available to Nerita polita in control tank was 1.1 KJ but only 0.5
KJ was available in the tank with the highest pollution; for proteins, it
was 11 KJ in the control tank versus 8 KJ in the tank with the highest
pollution; while for lipids it was 27 KJ in the control tank versus 7 KJ
available in the tank with the highest pollution. The drop in energy
reserves across the pollution gradient was 27%, 55%, 74% for protein,
glucose and lipids, respectively. Likewise, the total energy available
in the molluscs decreased with the increase in sewage pollution.
The control tank recorded the highest levels of total energy of 39 KJ
while tank 9 with the highest level of pollution had the least amount
of energy (15 KJ), which represents a 62% drop across the pollution

gradient. The difference in energy levels in the two tanks is by a factor
of 4.23. Pearson correlation indicates a statistically significant negative
correlation between energy levels and increasing pollution (r = -0.93:
p<0.05).

Discussion

Effects of sewage on physicochemical properties of marine
water

The temperature of the treatment media was found to increase
with the increase in sewage concentration, while for pH the trend was
opposite. Elevation of water temperature was attributed to the warming
effect from the heat generated during the decomposition of the organic
matter. Accompanying decomposition is the release of carbonic acid
that lowers the pH of the exposure media; here it was reduced from 7.75
in unpolluted water to 7.29 in the marine water containing 50% sewage.
Water temperature is critical for marine life and it has been shown to
affect the solubility of dissolved gases, rate of growth of aquatic plants,
algae, and other marine organisms.

There was a significant decrease in dissolved oxygen across the
increasing pollution gradient, in the tanks containing 40% and 50%
sewage, the oxygen levels were reduced to 3.5 mg/L and 2.4 mg/L,
respectively. Reduction in the amount of dissolved oxygen is attributed
to high temperature and increased microbial activity following
decomposition of organic matter [9,29]. The internationally acceptable
minimal permissible levels of dissolved oxygen for aquatic life are 4
mg/L [4]. Levels below 4 mg/L put stress on aquatic life and levels
of less than 2 mg/L may result in death of molluscs [30]. Therefore,
sewage concentrations of 40% and above are likely to be stressful to the
mollusc Nerita polita.

Ammonia levels ranged from 0.01 mg/L in the control tank to 0.08
mg/L in the tank with the highest pollution. Due to lack of toxicity data
with marine organisms the minimum permissible limit for ammonia
in salty water is still controversial. Nevertheless, based on acute and
chronic toxicity data the tentative limits for ammonia have been set
at 0.035 mg/L [31]. Boardman et al. [32] suggested that these levels
should be significantly increased from 0.035 mg/L to 0.081 mg/L.
Thus, according to United States Environmental Protection Agency
criterion it can be concluded that Nerita polita is safe up to a sewage
concentration of 20%, but according to the Boardman criterion the
ammonia concentrations in all the treatment media were within the
allowable limits. This result therefore indirectly support the adjusted
high limit values of ammonia as there was no recorded adverse effects
or impairment on the growth of Nerita polita even in the treatment
tank with an ammonia concentration of 0.08 mg/L.

Ammonia is oxidized to nitrates and as s a result, the concentration
of nitrates in fresh water and marine systems is higher than that of
ammonia [33], an observation that is consistent with the findings of this
study, where the levels of nitrates ranged from 0.02 mg/L to 1.99 mg/L
while those of ammonia were lower and ranged from 0.01 mg/L to 0.08
mg/L. The internationally accepted maximum high limit for nitrates
in portable water is 10 mg/L [4]. The Canadian Council of Ministers
of the Environment [34] recommended water quality criteria ranging
of 2.9-3.6 mg/L to protect fresh water and marine life, while Camargo
et al. [35] proposed a maximum level of 2 mg/L for the protection of
sensitive aquatic animals. Here the highest levels of nitrate was 1.99
mg/L and thus within permissible limits.

Sewage concentration of 15% and above recorded very high levels
of phosphate, above 77 mg/L, and these have the potential of causing
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Treatment tank Sewage concentration Week 1 Week 2 Week 3

1 0% 0.34 +0.37 0.34 + 0.08 0.35+0.09
2 5% 0.34 +0.05 033+ 0.03 0.32+0.06
3 7.5% 0.35 +0.13 0.35£0.11 0.33 £0.02
4 10% 0.33+0.21 038+ 0.23 0.37 £0.14
5 15% 0.35+0.13 034 £0.11 0.33 £0.09
6 20% 0.34+0.12 0342012 0.36+0.13
7 30% 0.36 + 0.05 0.34 £0.09 0.33+0.11

40% 0.34 £ 0.09 0.34+0.12 0.38+0.21
9 50% 0.33+0.03 0.38£0.23 0.29 £ 0.05

Results are expressed as mean * standard deviation for N=15.

Table 3: Effects of sewage pollution on the condition factor (K) of Nerita polita.

Treatment tank constziwn?g(:ion g::l:l?s(;
L 0% 1141
2 5% 1105
3 7.5% 1097
4 10% 1049
5 15% 933
6 20% 890
7 30% 711
8 40% 507
9 50% 474

Results are expressed as a summation for N=15.

Lipid Protein Total energy
(Joules) (Joules) (Joules)
26753 10690 38585
25474 10085 36664
17069 9782 27949
16751 9748 27550
14989 9429 25352
14296 9311 24498
11321 9059 21093
8029 8673 17209
6780 8101 15356

Table 4: Changes in the energy levels in the whole body tissues of Nerita polita exposed to various sewage concentrations after the experimental period.

algae bloom leading to eutrophication and depletion of dissolved
oxygen in water. Excess phosphates are mainly contributed by sewage
pollution and agricultural runoff, and they can cause eutrophication
[36], which in turn poses problems of hypoxia and anoxia to marine life
and thus affecting aquatic resources. Several studies have reported mass
mortalities of marine organisms arising from hypoxia [8,37]. A review
of the literature indicates that there is insufficient information available
on acute aquatic toxicity assessment of phosphate. Based on a recent
study by Kim et al. [38], phosphates with a nominal concentration
above 100 mg/L possessed no direct toxicity to aquatic organisms. So it
requires very high levels of phosphorous to express toxicity in marine
organisms.

Effects of sewage pollution on the condition factor (K) of
Nerita polita

Condition factor of Nerita polita was determined using the
Fulton’s condition index. This study revealed that Fulton’s index
was inconsistent despite a consistent increasing pollution gradient.
Zafar and Ayub [39] also reported non-significant differences in the
condition factor of the limpet Cellana karachiensis sampled in different
seasons at two sites. Condition factor is determined using the weight
and length of the mollusc. Out of the two parameters, weight is expected
to vary more than the length because weight of the Nerita polita can be
directly interfered by other factors such as reduction of food readily
available for the mollusc in its environment among others. Toxins in
sewage affect the growth of Nerita polita by changing their metabolism
and thus requiring the mollusc to increase energy for maintaining
homeostasis rather than growth and reproduction. This implies that
condition factor is not an informative tool for studying acute toxicity

in Nerita polita.

Effect of sewage pollution on glucose, lipid, protein and
energy reserves

Carbohydrate, lipid and protein contents of the whole body tissues
showed a decrease with the increase in the sewage concentration. These
findings are consistent with the observations made on two species
of molluscs (Unio tigridis and Viviparus bengalensis) collected in
Euphrates River [40]. Decrease in glucose reserves was probably due to
glycogenolysis and utilization of glucose to meet increased metabolic
cost. In response to carbohydrate depletion, molluscs use other
substrates to obtain the energy needed for its maintenance through
gluconeogenesis such as lipids. The lipid reserves were also seen to
decrease as the sewage concentration in the treatment media increased.
This observation was in agreement with a previous study by Capuzzo
et al. [41] which observed reduction in triacylglycerol synthesis and
decreased mobilization of essential fatty acids to phospholipid pools
at the biochemical level due to contaminants. It is also possible that
the decrease in lipids and proteins can be attributed partly due to their
utilization in cell repair due to corrosion of plasma membranes by
some toxicants in sewage [42].

Just like the previous two biomolecules, there was evidence
of decline of protein concentration in the tissues as the sewage
concentration increased. The regulation of global protein synthesis
represents an important adaptive strategy for a response to cellular
stress [43]. Reduction of protein contents of Nerita polita under
sewage toxicity stress could be attributed to use of various aminoacids
in various catabolic reactions as well as muscle wasting indicating a
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starvation response. Fall in protein content may also be due to altered
enzyme activities [44].

Bio monitoring is a technique used to assess the environment based
on analysis of an individual organism’s contents. The markers used are
principally toxins and biological changes. The latter is in form of energy
reserves as reported by Nahrgang et al. [45]. Demands for the energy
reserve in marine organisms are not constant, and they are affected by
exogenous factors such as food availability, temperature, pH, dissolved
oxygen and sewage pollution. Indicator species used in bio monitoring
are mainly the benthic macro invertebrates such as the mollusc.
Analysis of whole body tissues of Nerita polita showed that energy
reserves were highest in lipids, followed by protein and carbohydrates
and that these reserves were affected by the pollution gradient. These
findings are in agreement with the observations made in the molluscs
Daphnia magna, Dreissena polymorpha, Danio rerio and Mytilus edulis
[16-21]. In conclusion the findings of this work suggest that energy
reserves are sensitive bio indicators but that conditional factor is an
unreliable marker to assess acute sewage toxicity. In addition, increase
in sewage pollution also leads to a decrease in the water quality and
that sewage concentrations above 30% can have profound effects on
Nerita polita.
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