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Abstract

This study was carried out to evaluate the pollution level and distribution of snails’ genera at a dam within a university
community in order to develop efficient control strategies. Water samples and sediment samples were collected at twelve
sampling points within the dam for eight weeks and analyzed for heavy metals (Manganese [Mn], Zinc [Zn], Iron (Fe), Cadmium
[Cd] and Lead [Pb]) while snail genera were identified using standard procedure. Results were compared with the World Health
Organization's (WHO) guideline limit (water quality [Mn = 0.4mg/L, Cd = 0.003mg/L, Pb=0.01mg/L]; sediment [Zn =
120mg/kg, Fe = 15mg/kg]). Data were analyzed using descriptive statistics and Spearman rank correlation at p=0.05.
Concentrations of Mn (mg/L), Zn (mg/L) in the water sample were 17.5+01 and 11.332.6, respectively. These values were
higher than the WHO's recommended limits. Lead and cadmium were not detected. Concentrations of manganese and zinc in the
sediment samples were within the recommended limits. Iron concentration (690.3#120.9 mg/kg) exceeded the WHO's
recommended limit. The snail genera identified were Bulinus species (65.0%), Biomphalaria species (24%) and Lymnae specie
(11%). Bulinus (lunged snail) was the planorbid intermediate host of Schistosoma haematobium. A positive correlation existed
between the concentration of manganese in sediment and the number of snail genera available (r = 0.722, p < 0.01). The
concentration of metal in the sediment sample was higher than that in the surface water. Water and sediment had high
concentration of iron and Bulinus snail species; an intermediate host of Schistosoma haematobium was identified. Continuous
assessment of pollution level is highly essential and immediate control measure is encouraged to mitigate health risks associated
with contact with this water body.
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1. Introduction

Pollution in freshwater systems, particularly dam reservoirs  be due to both the natural and human-related activities [1]. Nat-
within university communities, has become a pressing concern  ural factors that influence water quality include hydrological,
in contemporary environmental management. This pollution can ~ atmospheric, climatic, topographical and lithological [2, 3].
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However, aquatic ecosystems within urban and institutional
environments are increasingly vulnerable to anthropogenic
pressures, with freshwater bodies acting as repositories for a
range of pollutants. For instance, studies have reported that hu-
man activities that adversely affect water quality include mining,
livestock farming, production and disposal of effluent water
(e.g., industrial, municipal and agricultural), increased sediment
run-off or soil erosion due to land-use change and heavy metal
pollution [4-6].

Nevertheless, the nature of pollution in a community dam is
complex, involving chemical, physical, and biological con-
taminants [7]. It also includes nutrient pollution, such as ex-
cessive nitrogen and phosphorus from fertilizers, leads to eu-
trophication, resulting in harmful algal blooms that reduce
oxygen levels, harm aquatic life, and degrade water quality [8,
9]. Furthermore, the presence of pathogens, heavy metals, and
hazardous chemicals can further exacerbate these effects, cre-
ating a range of ecological and public health challenges [10].

Over time, concerns have grown regarding the dam’s water
quality, sediment composition, and overall ecological health.
One significant ecological concern is the proliferation of
freshwater snails, many of which serve as intermediate hosts
for parasitic diseases such as schistosomiasis. In many parts of
sub-Saharan Africa, snail-borne diseases such as schistoso-
miasis remain endemic, with genera like Biomphalaria and
Bulinus acting as intermediate hosts [11]. The distribution and
abundance of these snail genera are closely linked to anthro-
pogenic activities — agricultural runoff, sewage discharge, and
domestic waste disposal [12, 13]; as well as water quality
parameters, including nutrient levels, organic pollution, and
heavy metal contamination [14, 15]. These snails not only
reflect the ecological status of freshwater bodies but also
serve as bioindicators of pollution, providing crucial data for
environmental health monitoring.

However, university community dams, which are fre-
quently utilized for residential, recreational, and research
purposes, are susceptible to these types of pollution because
of their close proximity to densely populated and activity-rich
environments. Over time, monitoring various components of
water quality — both chemical and biological — allows for the
detection of changes in the aquatic environment and aids in
the development of an understanding of ecosystem health.
Those in charge of managing and safeguarding natural re-
sources can use the combined data to produce information that
will help them assess whether the state of the water resource is
getting better or worse over time as a result of human use.
Thus, in order to develop efficient control strategies, this
study was carried out to evaluate the pollution level and snail
species distribution at a dam within a university community.

2. Materials and Methods

2.1. Study Area

Awba Dam is a man-made lake which is about 700m long,
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135m wide and with a maximum depth of 5.5m. It impounds
about 227 million litres of water, the source of which is from
two streams: the Shango from the west and Awba from the
east. After treatment, the lake water is used for drinking
purposes [16]. Awba dam is located in the south-western part
of the University of Ibadan [17]. It was constructed in April
1964 by the British Government to store water for drinking,
domestic and laboratory uses; to preserve the fishing culture
within the University of Ibadan (Ul) to facilitate hy-
dro-biology and fishery reserve project and develop the dam
for recreational and ecotourism site on the campus [18]. The
water of the dam is subjected to occasional multi-directional
water movement due to wind effects. This wind action is
minimal during the dry season. The temperature of the lake
ranges from 24.4<C — 36.8<C. This results in the thermal
stratification of the water meters above sea level. Awba Res-
ervoir is popularly known as Awba Dam and it lies between
the latitudes 7°26' - 7°27'N and longitudes 3°53' - 3°54'E. It is
bounded on the North by ljoma and Ekwumo roads, on the
East by the Department of Zoology and on the West and South
by staff Quarters and Faculty of Technology respectively [17].
The water level in the reservoir is regulated at a spill-way
through which excess water flows out so the level remains
almost constant throughout the rainy season. However, during
the dry season, the water level recedes [19].

2.2. Water Sampling

A grid on the map of Awba Dam was used to delineate a
total of twelve (12) sampling points within the dam for eight
weeks based on accessibility and variation in the site ecology.
Two-litre high-density polyethylene (HDPE) containers were
thoroughly washed and thereafter rinsed three times with
sample water at each sampling point. Unfiltered water sam-
ples were collected directly into pre-cleaned containers which
were filled to the brim, freed of air bubbles and capped tightly
to exclude air. Samples were transported immediately to the
laboratory and refrigerated at 1-4 <C to assist preservation and
analysed for physical parameters within six hours of collec-
tion. Two millilitres (2mL) of nitric acid (HNO3) was used to
preserve each of the water samples for heavy metal analysis.

2.3. Water Quality Parameters

Physico-chemical parameters like temperature, pH, dis-
solved oxygen (DO), total dissolved solids (TDS), and tur-
bidity of Awba Dam surface water were measured. Tempera-
ture and pH were measured using a calibrated Jenway pH
meter. Total dissolved solids (TDS) were measured with a
Jenway model 470 conductivity/TDS meter. Turbidity was
determined using HACH DR/2000 spectrophotometer at a
wavelength of 450nm and expressed as NTU. Dissolved ox-
ygen (DO) was determined using the electrometric method
(Oxygen-detecting electrode). Phosphorus (PO,*-) and Nitrate
(NOg) concentrations were read from the calibration curve on
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the spectrophotometer while Potassium was read using a
Flame photometer.

2.4. Water Sample Digestion

After collection, water samples were filtered through a 0.45
pm filter, the filtrate was acidified with nitric acid (HNO3)
according to standard procedure [20]. Heavy metals in the
digested samples were analysed using Atomic Absorption
Spectrophotometer. The instrument (Varian 200 spectra, by
Buck scientific) was used to determine Lead (Pb), Cadmium
(Cd), Manganese (Mn), Iron (Fe) and Zinc (Zn). Appropriate
blanks were prepared for each parameter to ensure Quality
Control and Quality Assurance. All analyses were carried out
in triplicates. The Walkley-Black method (Walkley and Black
1934) was used for the determination of total organic carbon
(TOC) as described in Klute [21].

2.5. Sampling of Sediment

Twelve sampling points were used for sediment samples
collection. Grab sediment samples were collected between the
hours of 8.00 a.m. and 9.00 a.m. through boat cruises. Sam-
ples were collected using a van veen grab sampler lowered
into the bottom of the reservoir at each sampling point.
Sediment sampling was done once a week for four weeks in
the 12 sampling points within Awba Dam. A total of 48 sed-
iment samples were collected. The samples were emptied into
labelled polythene bags and transported to the laboratory for
washing and air drying.

2.6. Extraction and Identification of Freshwater
Snails from Sediment

Figure 1. Estimation of the length of various snails in centimetre.
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Freshwater snails were extracted in the laboratory with the aid
of a 4mm mesh size. Tap water was poured into a plastic bath
and the sieve containing the sediment sample from each location
was swirled to facilitate the extraction of the snails. The fresh-
water snails contained were sorted from the sediment and iden-
tified using different methods. The snails were classified into two
groups according to Frest and Johannes [22] based on the fea-
tures of the aperture (mouth; shell opening proper: the rim or
border termed the peristome). The snails were held from the top
(Apex) with the aperture and peristome directly facing the ob-
server. The snails with the opening/aperture facing the left were
classified as lunged (sinistral or left-handed) while those with the
opening facing the right were categorised as gilled (dextral or
right-handed) [23]. The snails were further identified to genera
level using Identification key of East and Central African
Freshwater Snails of Medical and Veterinary Importance [24].
The lengths of the various snails were estimated in centimetre
using a ruler and a plain sheet of paper (Figure 1).

2.7. Data Analysis

Data from the laboratory analyses were recorded in a pre-
pared spreadsheet and entered into Statistical Package for
Social Sciences (SPSS) version 20. The descriptive statistics —
mean and standard deviation — were determined and used to
summarise the data. Spearman-rank correlation was computed
to document the relationship between heavy metals across the
sampled media (sediment and water), and the number of snail
genera available in the Awba Dam surface water. Prior to
doing a spearman correlation analysis, the data were ranked.
Each value in both variables was replaced by its rank while
tied values were given the average of their ranks. The level of
statistical significance was set at 5%.

3. Results

3.1. Physico-chemical Parameters of Water from
Awba Dam

The Physico-chemical properties of the surface water in Awba
Dam are presented in Table 1. The mean value of pH, tempera-
ture and dissolved oxygen were 7.240.11, 20.440.3 T and
7.0140.7 mg/L, respectively. The levels of the Physico-chemical
parameters determined were within the stipulated limits except
for the turbidity, which was very high. The turbidity value was
34.3824.8 Nephelometric Turbidity Unit (NTU), which is higher
when compared to 5 NTU recommended by Standard Organiza-
tion of Nigeria (SON). The mean concentration of Nitrogen (N),
Phosphorous (P), and Potassium (K) was 0.0640.01 mgl/L,
0.0520.02 mg/L, and 5.6#.27 mg/L, respectively. Concentra-
tions of NPK fell within the World Health Organization’s (WHO)
defined standards. Cadmium and Lead were not detected in the
water samples. Mean concentration of Manganese (Mn), Zinc
(2Zn), and Iron (Fe) in the water sample were 117.5+01 mg/L,
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11.342.65 mg/L, and 55.241.9 mg/L, respectively. These values

were above the recommended limits by SON.

Table 1. Physical and chemical variables of water in Awba Dam, Ibadan, Nigeria.

Parameters (Units) Awba Dam (mean+SD)

Physicochemical

pH 7.240.1
Temperature (<C) 20.540.3
Dissolved oxygen (mg/L) 7.0140.7
Conductivity (S/cm) 69.8043.9
Total dissolved solid (mg/L) 41.742.2
Turbidity (NTU) 34.444.6
Nutrients

N (mg/L) 0.06+40.01
P (mg/L) 0.0540.02
K (mg/L) 5.641.2
Heavy metal

Mn (mg/L) 117.540.01
Zn (mg/L) 11.38.7
Fe (mg/L) 55.2+1.9
Cd (mg/L) ND

Pb (mg/L) ND

Note: ND = Not Detected (Detection Limit: Cd=, Pb=), NS = Not Stated

3.2. Physico-chemical Parameters of Sediments
from Awba Dam

Physico-chemical parameters of sediment samples from
Awba Dam are presented in Table 2. The mean pH and con-
ductivity values of the sediment were 5.3%0.8 and 107.9494.1
S/cm, respectively. The pH value fell below the guideline

SON’s standards WHO?’s Guideline limit
6.5-8.5 6.5-8.5
Ambient Ambient
NS 75

1000 NS

500 NS

5 NS

NS 10

NS 5

NS NS

0.2 0.4

3 NS

0.3 NS
0.003 0.003
0.01 0.01

limit recommended by WHO. Mean Total Organic Carbon (%)
of the sediment samples was 1.1540.82. Concentration of Mn,
Fe, Zn, Cd and Lead in the sediment were 262.9421.8 mg/kg,
69086.3+120.9 mg/kg, 78.7445.09 mg/kg, 0.0540.01 mg/kg,
and 1.3920.27 mg/kg, respectively. The concentration of Mn,
Fe, Zn, Cd and Lead was within the guideline limit, except
Iron. Iron concentration exceeded the guideline limit of 15
mg/kg recommended by WHO.

Table 2. Physical and chemical parameters of sediment in Awba Dam.

Awba dam Sediment

Parameters (Unit)

(MeanaSD)
Physicochemical
pH 5.3440.84
Conductivity (1S) 107.9494.1
Total Organic Carbon (mg/Kg) 1.1540.82

Heavy metal
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Guideline limits
WHO

6.5-8.5
NS
NS
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Awba dam Sediment

Parameters (Unit)

(Mean4SD)
Mn (mg/kg) 262.9421.8
Fe (mg/kg) 690.3+120.9
Zn (mg/kg) 78.7445.09
Cd (mg/kg) 0.0540.01
Pb (mg/kg) 1.3940.27

Note: NS = Not Stated

3.3. Distribution of Snail Genera from Sediment
Samples in Awba Dam

Figure 2 depicts the distribution of snail genera identified in
the Awba Dam surface water. A total of 262 freshwater snails
belonging to three genera—Bulinus, Biomphalaria and
Lymnae—were identified from the dam. The proportions of
the snail genera found in the dam were Bulinus species (65%),
Biomphalaria species (24%) and Lymnae species (11%). Two
snail genera —Bulinus and Biomphalaria—belonged to the
category lunged snail while Lymnae specie was a gilled snail.
Bulinus (Lunged snail) is the planorbid intermediate host of
Schistosoma haematobium which is found in the venules sur-
rounding the bladder of an infected person and causes urinary
schistosomiasis. Also, genus Biomphalaria (Lunged snail) is a
planorbid and an intermediate host for Schistosoma mansoni
which inhabits the mesenteries around the intestine causing
intestinal schistosomiasis.

= Bulinus species
= Biomphalaria species

L}'lnlliiv.! species

Figure 2. Distribution of snail genera from sediment samples in
Awba Dam.

3.4. Correlation Between Heavy Metal
Concentration in Sediment and Water, and
the Number of Snail Genera Available in
Awba Dam Surface Water

Table 3 presents the correlation between heavy metal con-
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Guideline limits
WHO

NS
15

120
NS
NS

centration in the water and sediment, and the available snail
genera. The table revealed that there was a positive correla-
tion between the concentration of manganese in sediment
and the number of snail genera available (r =0.722, p < 0.01).
This is an indication that an increase in manganese concen-
tration in the sediment favors an increase in the number of
snail genera available. The concentration of iron in sediment
was found to be positively related to the number of snail
genera available (r = 0.592, p < 0.05). The concentration of
lead in the sediments positively correlated with the number
of snail genera available (r = 0.896, p < 0.01). Likewise, a
significant correlation existed between the concentration of
Mn, Fe, and Pb in water samples; and the number of Snail
genera available. However, there was no significant correla-
tion between the concentration of Zinc in the media (sedi-
ment and water) and the number of snail genera available.

Table 3. Correlation between heavy metal concentration in media
(sediment and water) and the available snail genera.

Media Heavy metals Available Snail
Mn 0.722"
Sediment Fe 0.592"
Zn 0.411
Pb 0.896"
Mn 0.624"
Water Fe 0.858"
Zn 0.127
Pb 0.658"

** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed)

Similarly, there was a positive correlation between the
temperature of water and the number of gilled snail genus
available in the water (r = 0.771, p < 0.05). This result indi-
cated that an increase in temperature favors the existence of
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more gilled snail in the dam surface water. However, a nega-
tive correlation existed between the pH of the water and the
number of gilled snail genus available in the Awba Dam sur-
face water (r = -0.738, p < 0.05). There was no significant

correlation between the temperature and pH of the water and
the number of lunged snail genus available in the Awba Dam
surface water as presented in Table 4.

Table 4. Correlation matrix between water temperature, pH and snail category.

pH Temperature
pH 1
Temperature -0.843** 1
Lunged Snail 0.039 -0.129
Gilled Snail -0.738* 0.771*

** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed)

4. Discussion

This study assessed the pollution dynamic at a dam within the
university community, using the heavy metal concentration in
water, sediment and available snail genera as indicators of pollu-
tion. The pH concentration of the dam surface water was within
the permissible limits of 6.5 to 8.5 [25]. The study found that tur-
bidity of the water was higher than the acceptable limit. This could
be an indication that there is increase in particulate matter at the
surface water brought into the dam by surface run-off during the
wet season. High turbid waters had been associated with microbial
contamination [26, 27]. The concentrations of Zinc, Manganese
and iron detected in the Awba Dam surface water were above the

permissible level. However, Cadmium and Lead were not detected.

Previous studies had reported high iron concentration in water [28,
29]. High concentration of iron at the dam could be a good indica-
tion of man-induced pollution which could be attributed to the
recent dredging of the dam. The high concentration of Zn, Mn and
Iron gives a convincing indication that Awba Dam is contami-
nated with these metals. The study revealed that the values of the
nutrients (nitrate, phosphate and potassium) were within the per-
missible limits. The presence of these nutrients in the Awba Dam
could be linked directly to runoff from the surrounding environ-
ment and contributory water bodies; mainly effluent from the
institution’s zoological garden which flows into the surface water.
However, phosphate, potassium and nitrate levels detected in the
dam water might play an important role in supporting the growth
of the aquatic plants.

The pH of the sediment fell within the permissible limit. Studies
have reported similar findings [30, 31]. The higher concentrations
of metals measured in the sediment indicated that lower pH fa-
voured metal accumulation. This concurs with findings of several
studies that sediments are the major depository of metals; holding
more than 99% of the total amount of a metal present in the aquatic

56

Lunged Snail Gilled Snail
1
-0.059 1

system [32-34]. The Total Organic Carbon found in this study
indicated that there was 36% of Carbon concentration in the Awba
Dam sediment. The low TOC in Awba Dam can be due to a fast
mineralisation rate caused by the DO and pH levels, which were
within the permissible limits. Organic matter breakdown (miner-
alisation) reduces sediment carbon and nutrient concentrations.
Previous studies had documented that mineralisation rates are
faster when dissolved oxygen is present in water bodies than under
anoxic conditions [35, 36].

All the five heavy metals (Pb, Cd, Mn, Fe and Zn) analysed
were detected in the sampled sediment, and this is because
sediments accumulated more heavy metal than the water. This
phenomenon has been observed by several studies [37-39]. A
higher concentration of metals in the sediment than in surface
water may also be connected with the fact that pollutants dis-
charged into the aquatic environment do not remain in an
aqueous state but rather get adsorbed onto the sediments. In this
study, Iron (Fe) had the highest concentration in the sediment
and also the only heavy metal above WHO’s permissible limit.
This result was similar to previous findings where iron occurred
at high concentration in Nigerian soils [40, 41]. Although, iron
is one of the essential elements for the maintenance of human
life, its presence at an elevated concentration in aquatic eco-
systems can cause toxicity, representing environmental risks to
local biodiversity and compromising human health through the
consumption of contaminated water and fish [42-44]. Toxicity
of iron in humans has been found to bring about vomiting,
cardiovascular collapse and diarrhea, while iron deficiency may
lead to the failure of the blood clotting process [45]. The levels
of Zn, Cd and Pb in the sediment samples were within permis-
sible limits and guidelines provided by WHO.

This study identified a large proportion of lunged snails —
Bulinus and Biomphalaria — in Awba Dam. Previous studies
in Nigeria had identified numerous species of snail genera,
including Melanoides, Biomphalaria, Bel-lamya, Bulinus,
Lymnaea, Cleopatra, and Physa, in community dams [46-49].
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Snails of the genus Biomphalaria serve as intermediate hosts
of S. mansoni while Snails of the genus Bulinus serve as the
intermediate hosts of S. haematobium. Schistosomiasis is a
water-based parasitic disease transmitted by planorbid gas-
tropods and which is considered the second most important
parasitic infection after malaria in terms of public health and
economic impact [50]. Human schistosomiasis in Africa oc-
curs in two forms (intestinal and urogenital), caused by the
digenetic trematodes: Schistosoma mansoni and Schistosoma
haematobium, respectively [50].

5. Conclusion

Sediment contamination is a widespread environmental
problem that can potentially pose a threat to a variety of aquatic
ecosystems. This study revealed that the concentrations of Iron,
Zinc, Manganese, and Lead were higher in sediment compared
to those in surface water. Awba Dam is contaminated with
heavy metals, especially Fe, Mn and Zn. The major genera of
snail identified in the dam were Bulinus, Biomphalaria and
Lymnae. High concentration of Fe, Mn and Zn in Awba Dam
can be a convincing indication of pollution from anthropogenic
sources. The snail species found in the water body and the
heavy metals found in the sediments are indicators of risk
which call serious attention in public health. Hence continuous
assessment and appropriate pollution prevention is highly en-
couraged to improve the quality of water and sediments in the
dam to eliminate hazards and thereby mitigate health risks
associated with contact with this water body.

Abbreviations

LGA Local Government Area

WHO  World Health Organization

SON Standard Organization of Nigeria
Fe Iron

Mn Manganese

Zn Zinc

mg/L  Milligram Per Litre

DO Dissolved Oxygen
TOC Total Organic Carbon
HDPE High-Density Polyethylene
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