Journal of Ecology and Natural Resources

ISSN: 2578-4994
MEDWIN PUBLISHERS

Committed to Create Value for Researchers

Seasonal Variation of Heavy Metal Concentrations in
Water and Sediment Samples of Erelu Reservoir and their

Effects on its Macro-Invertebrates

Amusat AI*

Departmentof Science Laboratory Technology, Oyo State College of Agriculture and Technology, Research Article

Nigeria Volume 4 Issue 5
Received Date: June 04, 2020

*Corresponding author: Amusat Al (Ph. D), Department of Science Laboratory Technology, Published Date: July 21, 2020

Oyo State College of Agriculture and Technology, Igboora, Nigeria, Tel: 08034561670; Email: DOI: 10.23880/jenr-16000207

wumiamusat@gmail.com

Abstract

Heavy metal is always a concern when introduced in high amount into the body of water particularly the sediment that serves
as favourable sinks due to bioaccumulation which indirectly affects the organisms of the aquatic ecosystems. Therefore, this
study investigated seasonal variation of heavy metal concentrations of water and sediment samples of Erelu reservoir and
their impacts on its macro-invertebrates. Water samples were collected monthly in the morning across the three selected
stations between 800am-10am from June 2013-May 2015. Heavy metal concentrations were determined using AAS model
Analyst PGP 10. Macro-invertebrates were collected using Van-veen grab of 66.6cm? surface area, dip-net and sweep nets
of mesh sizes (500pm and 250pm) were used for insects on water surface and on vegetation surrounding the reservoir.
Macro-invertebrates collected were sorted, counted and identified with standard aquatic taxonomic keys. Data collected were
analysed using paired t-test of significant and Pearson’s Correlation Coefficient and paired t-test at @0.05. The results showed
that Fe(mg/L), Zn(mg/L) and Cr(mg/L) in water samples were significant (p<0.05) across seasons and stations while Pb
(mg/kg) and Zn (mg/kg) in sediment samples were significant (p<0.05) between seasons and across stations respectively.
Zinc(mg/L) had strong relationship with Iron (r= 0.894**) in water samples while Cadmium mg/kg had positive significant
(p<0.05) relationship with Iron (r=0.837**) and Chromium mg/kg (r= 0.839**) in sediment samples respectively. Lead had
positive correlation with Odonata (r= 0.743*); Zinc related with Unionidea (r= 0.691*) and Cadmium significantly correlated
with Capitellida (r= 0.826**) in water samples respectively. Lead had relationship with Hygrophila (r= 0.683*); Iron with
Capitellida (r= 0.691*) and Sorbeoconcha (r= 0.692*); Zinc with Diptera (r= 0.680%*); Chromium with Pulmonata (r= 0.779%)
and Unionidea (r= 0.878*) while Cadmium related significantly (p<0.05) related with Capitellida (r= 0.854**) in sediment
samples respectively. The result indicated that the heavy metals both in sediment and water samples has greater influence on
macro-invertebrate abundance.
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Introduction than 5g/cm? Heavy metal has its own merit or demerit, based

on this it is categorized into two: Essential and Non-essential.

Heavy metals are naturally occurring metals which have Essential heavy metals are important for living organisms and
atomic number greater than 20 and specific gravity greater may be required in the body in minute quantity. Non-essential
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heavy metals have no reasonable biological role in living
organisms [1]. The essential metals include Manganese, Iron,
Copper, Cobalt and Zinc and also known as trace metals, while
the non-essential metals are Cadmium, Lead and Mercury,
they are very toxic and are referred to as macronutrients.
The trace metal elements are needed in smaller quantity and
are important for development and stress resistance and
many at times for biosynthesis which are useful for different
biomolecules like Carbohydrate, chlorophyll, nucleic acids,
growth chemicals and secondary metabolites [2]. However,
extreme concentrations of important metals may be harmful
to living organisms [3]. Metals get into the freshwater due to
breaking down of soils and rocks. Rocks are originated out
of volcanic outbreaks and different kinds of human activities
for example, mining, metal processing or utilization or
substances that consist of metal contaminants [4]. Presence
of too much heavy metals in freshwaters causes fall in pH of
water, metal solubility rises and metal particles are easily
mobile which is the reason why metal toxicity occurs in most
soft waters and locking up of metal in the bottom sediment of
water bodies for a considerable period of time, since they are
non-biodegradable (i.e. cannot be splitted into less injurious
constituents in the ecosystem). Harmful chemicals can be
accumulated in the body tissue of organisms, particularly fat
tissues, depending on the sensitivity of individual species to
the contaminants which can also be influenced by factors like
the duration of exposure, sex, age e.t.c. Generally, the metal
concentrations in invertebrates are varied according to their
body weight. In fish, the embryonic and larval phases are
normally the most intolerant to the contaminants. Perhaps,
benthic organisms are the most throughly influenced by
metal strength in the sediment since the benthos serves as
the essential store house for the particulate matters that
are wiped down into the water ecosystems [5]. Fish, mussel,
snails in an aquatic environment alwas accumulate metals
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in their tissues, when consumed by man the heavy metal
poisoning could be transported to human via food chain.
Contamination of human energy exchange with toxic heavy
metals pose a threat to human health. Examples include
Minimata and Itai-itai diseases both in Japan which were
caused by consumption of mercury-contaminated fish and
Cadmium- contaminated rice respectively that resulted into
symptom like Ataxia, numbness of hands and feets, damage
to hearing and speech, softening of bones and kidney failure.
Higher concentration of trace metals in aquatic ecosystems,
organisms of higher trophic levels due to biomagnifications
can pose health risk of these organisms or to their human
consumers. In other to protect human health from the
harmful effects of toxic heavy metals, the human food
chains should be constantly monitored for bioaccumulation
and biomagnifications of heavy metals [6]. Therefore, this
research was designed to examine the seasonal variation
of heavy metals in water and sediment samples of Erelu
reservoir and their impacts on its macro-invertebrates.

Materials and Methods

Description of the Study Area

The study site for this research work is Erelu reservoir.
Erelu reservoir is located in Oyo town. It was built on Aawon
River along Oyo /Iseyin road in 1959 and was commissioned
in 1961 to provide water for drinking, agricultural,
irrigational purposes and fishing activities. Currently, it
also provides water for International Institute of Tropical
Agriculture (IITA) for their nursery unit in Oyo Town. The
impoundment of the dam is 161.07ha, and the catchments
area is 243.36km. Erelu reservoir is approximately 6.4km
from the core of Oyo town and it supplies potable water to
the town. An output of 7.5million litres is released per day,
from a reservoir capacity of 10cm3[7,8].

Stations

Description

Inlet

This is located at Oya tutu, 5km away from the reservoir. It has longitude 3°54'0.5”E and latitude
7°52'15.3”N, surrounded by agricultural field with sandy substrate.

Reservoir

This station has longitude 3°53'5.8”E and latitude 7°52’42.8”N, located within the reservoir with muddy
substratum and landing stations for the fishermen. Trees provide shade for the water and evergreen veg-
etations, There is less human activities here.

Outlet

This location is where water exit into the river, has longitude 3°55’6.0”E and latitude 7°54’5.8”N. This sta-
tion has sandy substrate with leave particles, human activities such as ritual bath, cattle grazing, fish catch
with gammalin20 etc. There is overhead bridge that is motorable to villages near the reservoir

Table 1: Erelu reservoir.

Water Sample and Sediment Collections
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Water samples were collected from each station very
early in the morning (8am-10am) once in a month for the
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period of two years (June 2013-May 2015). Water samples
for heavy metal analysis were collected in plastic container
(2-litres) from selected stations. The sample water taken
were transported to the research laboratory and analysed
instantly to guarantee that the water quality parameters
were sustained.

Heavy Metals Determination in Water and
Sediment Samples

Lead (Pb), Iron (Fe), Zinc (Zn), Cadmium (Cd) and
Chromium (Cr) in water samples were determined using an
Atomic Absorption Spectrophotometer, Model Analyst A10
PGP. About 2g of water soil sediment was air-dried, grinded
and sieved using 2mm diameter sieve while the digestion
was determined by heating 1gram of grinded soil sediment
with 20ml of mixture of 70% HCLO, and concentrated HNO,
(2:1) to near dryness and 20ml of 0.5M HNO, were added
after cooling, sieved and add up to 50ml with distilled water.
The amount of Pb, Cr, Cd, Zn, and Fe were determined using
the above model AAS using the procedure [9].

Macro-Invertebrate and Sediment Collections

The benthic organisms were collected from the sampling
stations using a Van-veen grab with a surface area of 66.6cm?.

Journal of Ecology and Natural Resources

Sediments collected from each station were emptied into a
pre labeled polythene bags and the samples for heavy metals
determination were taken. The sample collected from each
station was sieved with a net of mesh size of 0.5mm to remove
the excess sediments. Macro-invertebrates collected from the
residue were air-dried and preservative with naphthalene
for onward transfer to the laboratory for identification.
Aquatic insect collections were done using a dip-net of 500
um mesh size. The net was dipped in water at different
stations and swirled for about 2-3 minutes at the surface
of water to allowed for the entrance of the aquatic insects
and their nymphs and were emptied into pre-labelled plastic
bottles according to stations. Adult insects like dragonflies,
Damselflies were also gathered from the vegetation around
the reservoir using a sweep net of mesh size of 250um. The
net was swept over vegetation for 2-3 minutes and were
emptied into pre-labelled plastic bottles. Aquatic macro-
invertebrates were identified using aquatic taxonomic keys,
Phyllis, et al. [10-13] and Needham, et al. [14].

Statistical Analysis

The results of laboratory analysis of Heavy metal
concentrations and data collected for aquatic macro-
invertebrates were subjected to paired t-test of significance
and Pearson’s Correlation coefficient (r).

Results
Parameters Seasons Inlet Reservoir Outlet

Lead (mg/1) Rainy 0.86+0.09 0.91+0.08 0.97+0.11
Dry 1.02+0.10 1.17+0.09 1.18+0.11
Iron (mg/1) Rainy 0.52+0.05 0.51+0.05 0.47+0.71
Dry 0.68+0.09 0.69+0.08 0.73+0.10

* * *
Zinc (mg/1) Rainy 1.43+0.36 1.11+0.33 1.21+0.31
Dry 0.52+0.06 0.49+0.07 0.47+0.06

* * *
Chromium (mg/1) Rainy 0.28+0.04 0.35+0.07 0.22+0.04
Dry 0.16+0.02 0.23+0.03 0.19+0.02

* * *
Cadmium (mg/1) Rainy 0.20+0.02 0.25+0.03 0.19+0.02
Dry 0.24+0.04 0.25+0.03 0.29+0.04

* *

*Significance at (p<0.05)

Table 2: T-test of significance showing seasonal variation of heavy metals from water samples of Erelu Reservoir.
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Parameters Seasons Inlet Reservoir Outlet
Rain 17.45+1.50 14.18+1.16 13.80+1.34
Lead (mg/kg) y 34.82+=4.66 35.03+3.52 38.91+4.16
Iron (mg/kg) Rainy 17.24+3.92 21.82+3.77 20.14+5.36
/%8 Dry 25.35+4.75 26.72+4.19 22.04+4.44

Rain 2.18+0.23 2.01+0.19 2.29+0.35

Zinc (mg/kg) y 8.28+1.92 6.10+1.18 8.07+1.75

Dry * * *
5.69+1.37
. Rainy - 10.89+2.35 12.88+4.91
Chromium (meg/kg) Dry 16.30£3.75 14.52+2.82 13.80+4.27
3.71+3.61

. Rainy 3.43+2.69 - 4.03+3.92

Cadmium (mg/kg) Dry 2.63+1.80 2A4422.12 2.52+1.50

*Significance at (p<0.05).

Table 3: Test of significance showing seasonal variation of heavy metals from sediments samples of Erelu Reservoir.

Parameters 1 2 3 4 5 6 7 8 9
1.Diptera 1
2.Coleoptera -0.222 1
3.Hemiptera 0.533 0.310 1
4.0donata 0.490 -0.155 0.555 1
5.Lead (mg/1) -0.185 -0.070 0.212 0.743" 1
6.Iron (mg/1) -0.315 -0.060 -0.106 0.518 0.755" 1
7.Zinc (mg/1) -0.389 0.089 -0.383 0.239 0.480 0.894" 1
8.Chromium (mg/1) -0.438 0.077 0.083 0.489 0.837" 0.833™ 0.635 1
9.Cadmium (mg/1) -0.335 0.141 -0.326 0.346 0.588 0.854" 0.951™ 0.594 1

*. Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
Table 4: Pearson’s correlation coefficient (r) between water heavy metals parameters with insect macro-invertebrates abundance

of Erelu Reservoir.

Parameters 1 3 4 5 6 7 8 9 10 11 12
1. Architaenioglossa 1
2. Capitellida 0.056
3. Diptera 0.083 | -0.295 1
4. Hygrophila 0.637 | -0.132 | 0.005 1
5. Pulmonata 0.211 | -0.134 | 0.322 | 0.045 1
6. Sorbeoconcha 0.324 | 0.590 | 0.283 | 0.050 | 0.315 1
7. Unionidea 0.191 | 0.244 | 0.464 | -0.272 | 0.808™ | 0.588 1
8. Lead (mg/1) -0.268 | 0.488 | -0.223 | -0.230 | -0.208 | -0.196 | -0.066 1
9.1Iron (mg/1) -0.145 | 0.494 | -0.103 | -0.380 | 0.410 | 0.086 | 0.538 | 0.755" 1
10 Zinc (mg/1) -0.126 | 0.633 | -0.173 | -0.441 | 0.494 | 0.354 | 0.691" | 0.480 |0.894" 1
11 Chromium (mg/1)| -0.338 | 0.279 | -0.377 | -0.389 | 0.034 | -0.424 | 0.072 | 0.837" | 0.833™| 0.635 1
12 Cadmium (mg/1) | -0.130 | 0.826™ | -0.226 | -0.394 | 0.284 | 0.450 | 0.560 | 0.588 | 0.854™|0.951™| 0.594 | 1

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

** Correlation is significant at the 0.01 level (2-tailed).
Table 5: Pearson’s correlation coefficient (r) between water heavy metal parameters with benthic macro-invertebrates
abundance of Erelu Reservoir.
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Parameters 1 2 3 4 5 6 7 8 9
1. Diptera 1
2. Coleoptera -0.222 1
3. Hemiptera 0.533 0.310 1
4. Odonata 0.490 -0.155 0.555 1
5. Lead (mg/kg) 0.556 -0.303 0.092 -0.026 1
6. Iron (mg/kg) 0.168 -0.158 | -0.176 0.525 0.102 1
7. Zinc (mg/kg) 0.620 -0.472 0.061 0.208 0.905" 0.426 1
8. Chromium (mg/kg) -0.064 | -0.150 | -0.313 0.305 -0.227 0.837" | 0.151 1
9. Cadmium (mg/kg) -0.130 0.032 -0.316 0.400 -0.208 0.912™ | 0.065 0.839™ 1

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

Table 6: Pearson’s correlation coefficient (r) between sediment heavy metal parameters with insect macro-invertebrates

abundance of Erelu Reservoir.

Parameters 1 2 3 4 6 7 8 9 10 11 12
1. Architaenioglossa 1
2. Capitellida 0.056 1
3. Diptera 0.083 | -0.295 1
4. Hygrophila 0.637 |-0.132| 0.005 1
5. Pulmonata 0.211 | -0.134 | 0.322 | 0.045
6. Sorbeoconcha 0.324 | 0.590 | 0.283 | 0.050 | 0.315 1
7. Unionidae 0.191 | 0.244 | 0.464 |-0.272 | 0.808" | 0.588 1
8. Lead (mg/kg) 0.516 |-0.110 | 0.505 | 0.683" | -0.078 | 0.389 | -0.112 1
9.1Iron (mg/kg) 0.050 | 0.691" | 0.282 |-0.041 | 0.425 | 0.692" | 0.645 | 0.102 1
10 Zinc (mg/kg) 0.468 | -0.035 | 0.680" | 0.605 | 0.230 | 0.499 | 0.199 | 0.905™| 0.426 1
11 Chromium (mg/kg) | 0.099 | 0.457 | 0.202 | -0.173 | 0.779" | 0.531 [ 0.878"|-0.227 | 0.837"| 0.151 1
12 Cadmium (mg/kg) |-0.003|0.854™|-0.057 | -0.220 | 0.346 | 0.649 | 0.616 |-0.208 [0.912™| 0.065 [0.839™| 1

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

Table 7: Pearson’s correlation coefficient (r) between sediment heavy metals parameters with benthic macro-invertebrates

abundance of Erelu Reservoir.

T-test of significance showing variations of heavy metals
in water samples of the three stations are presented in table
1. The result showed that Lead (mg/L) varied insignificantly
(p>0.05) between seasons and across the stations. Iron, Zinc
and Chromium were significant (p<0.01), while Cadmium
significantly differ only in the inlet and outlet stations.
Pearson’s correlation coefficient revealed Lead to have
inverse relationship with Diptera (r=-0.185) and Coleoptera
(r= -0.070) but a significant correlation with Odonata
(0.743*). Iron related with Lead (r= 0.755*) significantly.
Chromium has a strong significant (p<0.01) association with
lead (r= 0.837**) and Iron (r= 0.833**), while Cadmium
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had a strong significant (p<0.01) correlation with Zinc
(r= 0.951**%) and Iron (r= 0.854**) respectively (Table 3).
Iron related with Lead (r= 0.755%). Zinc showed positive
association with Unionidea (r= 0.691*) and Iron (r= 0.894**)
while Cadmium has a closed association with Capitellida
(r= 0.826**) respectively (Table 4). The Lead and Zinc mg/
kg in sediment samples were significant (p<0.01) between
seasons and across sampling stations. Iron mg/kg revealed
non-significant (p>0.05) across seasons and stations, while
Chromium and Cadmium mg/kg were significant only
at inlet and reservoir stations respectively. Zinc mg/kg
related significantly with Lead (r= 0.905**). There was a
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close association between Chromium and Iron (r= 0.837**),
Cadmium and Iron (r= 0.912**). Heavy metal parameters
were either positively and inversely related with insect
orders (Table 5). The benthic order Unionidea related with
Pulmonata (r= 0.808**) strongly while Lead had correlation
with Hygrophila (r= 0.683*). Iron closely associated
with Capitellida (r= 691*) and order Sorbeoconcha (r=
0.692%*) respectively. Zinc mg/kg in sediment samples had
correlation with Diptera (r= 0.680*), while Chromium mg/kg
related strongly with Pulmonata (r= 0.779*); Unionidea (r=
0.878**) and Iron (r= 0.837**) respectively. Cadmium mg/
kg revealed significant (p<0.01) relationship with Capitellida
(r= 0.854**); Iron (r= 0.912**) and Chromium (r= 0.839**)
respectively.

Discussion

The non-significant spatial and seasonal variation of
the Pb in water samples of Erelu reservoir could be due
to similar source of input into the water body. Similar
observation was reported by Taiwo and Adebukola [15,16]
in Opa Reservoir. The significant seasonal variation of Fe, Zn
and Cr (mg/L) could be due to waste input or influx of flood
during rainy season that might bring the the content of the
metal. Identical report was observed by Kimani, et al. [17]
in Chania River Kenya and Iqra Azam, et al. [18] in Pakistan
who related to urban expansion, tanneries that enhanced
pollution threat the studied river. The strong association of
Pb with Odonata indicated positive impact on its abundance.
Similar observation was made by Girgin, et al. [19] where Cd,
Pb, Cu, Zn and Fe were reported to have relationship with
insect community of the study area. Contrary report was
observed by Fredrick O [20]. Relationship between heavy
metals like Fe, Cd, with Pb and Cr in water samples could
be associated with similar source into the reservoir. This
observation disagrees with the report of Hong-Yan, et al.
[21] who also reported significant variation of metals of the
two Chinese Rivers. The abundance of Diptera, Coleoptera,
Hemiptera, Architaenioglossa, Capitellida and Hygrophila
which are independent of the heavy metals in water samples
indicated no effects on their abundance. This report is in
line with the observation of Fouzia I, Ayoade AA [22,23]
who also reported negative association of some metals with
the abundance of class Insecta. The Zn and Cd that strongly
related to Unionidea and Capitellida could be ascribed to
their impact on the benthic orders. The significant variation
of Pb in sediment samples across year and stations indicated
varied sources into the river during wet and dry season.
Similar observation was reported by Kimani, et al. [17] in
Kenya. The Cr and Cd mg/kg that were significant only in the
inlet and reservoir stations could be attributed to fertilizer
input from agricultural field in the inlet and runoff into the
reservoir. This report is in accordance with the observation
of Sahadat, et al. [24] who reported insignificant variation
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of Cd, Cr, Zn, Pb and Ni across stations in their study area.
The strong significant association of heavy metals such as Cr
and Iron, Cd and Iron in sediment samples may be attributed
to their bioaccumulation in the reservoir sediment. The
Unionidea and Pulmonata that had close correlation may be
due to their abundance in fairly polluted environment. Lead
in the sediment samples that showed positive significant
correlation with hygrophila (Lymnae natalensis) has
influence on its abundance but showed no relationship with
other groupsofbenthicmacro-invertebrates. Thisimplies that
lead has impacts on Lymnae species abundance. Iron in the
sediment samples positive correlation within Capitellida and
Sorbeoconcha implied that iron determines their abundance.
The positive significant relationship between Zinc, Lead
and Dipteran indicated similar source of pollution in the
reservoir and great tolerance of Dipteran in a contaminated
environment as Zinc influenced its abundance [25]. Negative
correlation of Zinc with Hemiptera was observed by Girgin,
et al. [19]. The positive significant correlation between
Chromium with Pulmonata, Unionidea and Iron may be due
to contamination of water by human wastes. Okoro [26]
reported Iron to be correlated with coleopteran. Chromium,
Iron and Lead, were also significantly related, which might
have similar source of input into the reservoir Ewa, et al. [27].
The positive significant correlation between cadmium in
the sediment samples with Capitellida, Iron and Chromium
showed relationship with the Capitellida since it is a worm
that dwells directly in the sediment and oxygen depleting
environment.

Conclusion

It was concluded that there were seasonal variations of
metal across stations which implied that sources of metal
during raining season is different from that of drying season
and that reduced level of water has implication on the
concentration of metal during dry season. The significant
relationship of some heavy metals on the abundance of
macro-invertebrates indicated that their influence on them,
while some heavy metals showed inverse relationship
with macro-invertebrates which implies their decrease
concentrations caused rise in the abundance of the
organisms. Some metals related inversely, an indication of
varied sources into the reservoir. Heavy metals have no much
influence on the aquatic insects compared to the benthic
macro-invertebrates, particularly the sediment heavy metals
of Erelu Reservoir. This is because the benthos inhabit in
the sediment and directly feel the impact of metal pollution.
However, abundance of macro-invertebrates could be traced
to other factors such as substrate richness, favourable DO,
pH, temperature and clarity of water body. Therefore, heavy
metals in the sediment samples of Erelu reservoir has more
impact on the abundance of macro-invertebrates compared
to that of water samples.
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