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ABSTRACT
Anthropogenic activities in and around water bodies disrupt their physico-chemical and biological conditions such as
sediment qualities and diversity of benthic macroinvertebrates. The purpose of this study was to assess the pH and heavy
metal (Mn, Zn, Fe, Cu, Pb, Ni, Cr, Co and Al) contents of the sediments and the occurrence of benthic macroinvertebrates
of Oyun river, llorin East local government area, llorin, Kwara state, Nigeria. Three sampling locations (upstream, midstream
and downstream), 500 m apart were selected along the river based on the flow of water current. The kick method (using
sweep net) was used to collect sediments and benthos once every two weeks from February to May, 2016. One-way ANOVA
was used to assess the variations among the values and the sampling stations, and the macroinvertebrates were identified
using standard identification guidelines. The pH of the sediments was alkalinic with mean values 8.39+0.30, 8.14+0.34 and
7.95+0.57 at the upstream, midstream and downstream respectively. All the heavy metals exceeded threshold limits and
highest at the downstream. A total of 5 macroinvertebrate species belonging to 2 classes (Insecta 68.97% and Gastropoda
31.03%) were identified. The most abundant species was Chironomus plomusus while the least abundant was Laccophilus
congener accounting for 36 (41.38%) and 1 (1.15%) respectively. The low abundance of benthic macroinvertebrate species
coupled with the non-occurrence of EPT indexed taxa and the higher abundance of the pollution-tolerant taxa (Chironomus
plomusus) could reflect the level of pollution stress of this Oyun River system. Therefore, strict pollution management of

this river is recommended.

INTRODUCTION

Water is a very important resource because it is needed for
existence of life on earth and in the daily activities of man
(Adeyemi-Ale et al., 2014). The two main sources of water
are surface water (which include lakes, streams, rivers, etc)
and groundwater (which include boreholes, wells, springs,
etc). Water covers about 75% of the earth’s surface. Thus,
we find immense quality of water constituting the
hydrosphere, referred to as the water earth’s surface
(Adjarho et al., 2013). Water is essential to every living
organism and inadequate quantity and quality of water have
serious influence on sustainable development (Taiwo et al.,
2012). Water does not only serve as habitats for its living
organisms but also as a medium of gaseous exchange and
nutrient (Taiwo et al., 2012).

The management and mobilization of water based on
different needs is seen to be an important central point of
many federal, state, local and private agencies (Nelson and
Lieberman, 2002). The task of balancing those compelling
demands of water are sometimes difficult for management
agencies because they lack the information needed to make
sound decisions, especially for fishes and wildlife. These
operational changes may result in modification in the
downstream lotic community such as aquatic invertebrate
(Vinson, 2001). Water sources such as rivers, stream, well
etcetera are the proximate source of water to the people in
developing African countries especially in the sub Saharan
Africa and the water bodies are likely to cause diseases as
they are said to be polluted with domestic, industrial and
agricultural wastes (Ojekunle, 2000 and Ayeni et al., 2009).
The main sources of water pollution may include agricultural
run-off, accidental oil spillage, municipal wastes, industrial

wastes, and waste products of free-range animals or
migratory or wandering birds.

Sediments can be used to assess the anthropogenic impacts
of an aquatic ecosystem since they reflect both the quality of
the aquatic system and also the insoluble contaminants in the
surface waters (Ogbuagu and Samuel, 2014).
Macroinvertebrates include different species of organisms
that have no backbone such as various groups of worms
(flatworms, eelworms, segmented roundworms), mollusks
(snails and bivalves), crustaceans (shrimps, crayfish and
other shrimp-like groups), mites and all insects
(Winterbourn et al., 1981). Benthic macroinvertebrates are
organisms found residing on or inside the bottom sediment
of water bodies (Barnes and Hughes, 1999; Adu et al., 2016).

They are often used as bioindicators of pollution, and they
play a very vital role in the aquatic food chain as they serve
as source of food for larger aquatic organisms and in turn
make algae and bacteria which occupy a lower position on
the food chain as their own source of food (Olomukoro et
al., 2013). They do not serve as food for fish alone but also
help in the biodegradation of large amount of nutrients
(Neetuh and Ramesh, 2014). Compared to chemical and
microbiological data which tend to fluctuate in a very short
period of time, macrobenthic invertebrates are better bio-
indicators that give very correct information on changing
aquatic conditions (Ravera, 1998, 2000; Ikomi et al., 2005)
and useful information can be provided about the ecological
integrity of a system (Mekdes and Getachew (2020).

The various anthropogenic activities in and around Oyun
river may have adverse effects on the sediment quality and
the ecology of its indigenous species. The information on the
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pH and heavy metal contents of the sediments and
macroinvertebrates of this river is scarce. Therefore, this
study assessed the pH, heavy metal contents of the sediments
of Oyun river and also the abundance and diversity of the
benthic macro invertebrates to assess its health status and
exposure to pressures due to pollution stress.

MATERIALS AND METHODS

Description of the study area

Oyun River (Figure 1) located in Oyun, llorin East local
government area, llorin, Kwara state, Nigeria lies on latitude
08°7’60” North of the Equator and longitude 04°19°00” East
of Greenwich Meridian. It supplies water for domestic use
to the people around it. Subsistence fishing, farming, water
draining for domestic use and excavation of bottom sediment
are the major activities carried out in and around the river. It
serves as a recipient of refuse, faecal materials, sewage,
agricultural runoff, automobile wastes from the washing of
automobiles.
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Figure 1: Map of Oyun river showing sampling stations

Collection of sediment and benthic macroinvertebrates’
samples

Sediment and benthic macroinvertebrates’ samples were
collected every two weeks from February to May 2016
between 7:00 am to 9:00 am. The kick method with the use
of sweep net was used to collect both samples at the
upstream, midstream and downstream of the river. The
sampled points were 500 m apart from each other.
Organisms trapped in the net were picked and dropped in
well labelled sample bottles and preserved in 90% ethanol.
Both sediments and macroinvertebrates were taken to the
laboratory.

Measurement of sediment variables

At the laboratory, the sediments were air-dried at room
temperature of 27°C until they reach a constant weight. After
this, they were pulverized separately with porcelain mortar
and pestle, and then sieved through 2 mm sieve.

pH was measured by mixing 20 g of the processed sediment
with 20 ml of distilled water (ratio 1:1) and allowed to stay
for 30 minutes with occasional stirring, then an electronic
pH meter (Oakton waterproof instruments phlestr10) was
dipped.
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Heavy metals (Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Pb) were
determined using the Alpha Atomic Absorption
Spectrophotometer after the aqua-regia (3:1 hydrochloric/
nitric acid) digestion (Chen and Ma, 2001).

Identification of benthic macroinvertebrates

The preserved benthic macroinvertebrates were identified in
the laboratory following the keys provided by Macan (1959),
Quigley (1977), Gerber and Gabriel (2002) and Voshell
(2002).

DATA ANALYSIS
pH and heavy metals analysis
The values of pH and heavy metals were subjected to one-
way analysis of variance (ANOVA) to check for variations
among the values and the sampling stations. SPSS statistical
software version 20 and Microsoft Excel Spreadsheet were
used for data analysis and graph.

Biological parameters

Biological parameters were used to analyse benthic
macroinvertebrates data. These are:

Shannon Weiner’s diversity (Equation 1) to measure the
fauna diversity:

Hs = T{(Pi) x In(Pi)} 1

Where Hs = diversity index

Pi = proportion of total sample represented by species

In = natural logarithm

i = division of number of individuals of species i by the
total number of samples

Shannon’s Evenness measures (Equation 2) to measure
relative density:

__ H=s
Ini5)

Where Hs = Shannon Wiener’s index

s = number of species’ richness
Sorensen’s coefficient (Equation 3) to measure the quotient
of similarity:

2c
5, +5,

cCs =

RESULTS

Concentrations of pH and heavy metals

The mean and standard error values of the pH and heavy
metals of the sediment samples are shown in Table 1. The
pH of the sediment showed that they were alkalinic. The
highest pH value (8.39+0.30) was recorded at the upstream
while the lowest (7.95+0.57) was at the downstream. There
was no significant difference (P<0.05) in the pH values of
the three sampling stations. There are no pH limits set for
threshold effect level (TEL) and effects range low (ERL)
(Macdonald et al., 2000), sediment quality advisory value
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(SQAV) (Swartz, 1999) and interim sediment quality
guideline (1SQG) (ANZECC, 1997).

There were very high levels of Mn, Zn and Fe at all the three
stations of Oyun River. The concentrations of the heavy
metals reflected the order: Mn > Zn > Fe > Cu > Pb > Ni >
Cr > Co > Al (upstream) and Mn > Zn > Fe > Cu > Ni > Pb
> Cr > Co > Al (both midstream and downstream). All the
metal values recorded at the sampling stations were highest
at the downstream. There were no significant differences of
metal values of the three sampling stations. However, Co at
the upstream (265.63+46.61) and midstream (332.00+39.86)
were significantly different from each other at P<0.05. There
were no set limits of TEL, ERL, SQAV and ISQG for Al,
Mn, Fe, Co. However, the concentrations of Cr, Ni, Cu, Zn
and Pb showed that they were extremely higher than the
sediment quality guidelines.
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Diversity of Benthic Macroinvertebrates

Throughout the sampling period, a total of 87 individual
benthic macroinvertebrates were encountered which spread
across 5 orders, 5 families, 5 genera and 5 species. Four
(68.97%) of them belong to the phylum Arthropoda, class
insecta (Aeshna cyanea (20), Laccophilus congener (1),
Chironomus plomusus (36) and Calopteryx virgo (3)) while
one (31.03%) belongs to the phylum Mollusca (27), class
gastropoda, (Melanoides tuberculata) (Table 2; Figure 2).
Chironomus plomusus of the order Diptera was the most
abundant (41.38%) while Laccophilus congener (1.15%)
was the least abundant. Throughout the sampling days in the
month of May, no organism was found.

Table 1: Mean and standard error of the physicochemical parameters of Oyun river sediment

Upstream Midstream Downstream TEL ERL SQAV I1SQG
pH 8.39+0.30° 8.14+0.34° 7 050,57 - - - -
Al 1533845598 20625410884  5yr 75,00 son - ] ]
Cr 400.88:64.45°  406.8B87.94° 4ioap.000, o0 80 36 80
Mn  4750.00:135065° 4857.50+1418.05° 4000 couisopass | ) ]
Fe  109500:564.17°  226750:50381° 01 o5 444 310 S ) ]
Co  26563:4661°  305.38£2698° 4u» 00430860 - ) ]
Ni  4825015096°  565.50:17776° 1054007 14a 18 0 20 A
Cu  79375:52536° 7980049432 g sisroem O 0 28 8
Zn  310875:729.25°  323250:68136°  a4o7soisapsgs o 0 B 200
Pb  547.63:14622°  56236:9227° 15 1ai40s7e 30 %0

The Shannon Weiner’s diversity values for the upstream, DISCUSSION

downstream and midstream were 0.89, 0.80 and 0.48
respectively and Shannon’s evenness values were 0.81, 0.72
and 0.43 respectively (Table 3).

The sampling stations were very similar in terms of benthic
macroinvertebrate. The Sorensen’s coefficient is 1 because
not more than 3 species of organisms were found at each
station. In terms of species’ richness, Chironomus plomusus
was the highest because it had the highest number (30) of
individuals.

The results recorded from this study indicated that there
were varying degrees of contamination of the Oyun River
through anthropogenic activities. The alkalinic nature of the
sediment might be due to the production of ammonia which
is as a result of decomposition of the organic sediment
(Adeogun and Fafioye, 2011). Similar basic pH at this river
was also reported by Okoro and Jimoh (2016). The alkalinic
nature of the stream may be a hindrance to the occurrence of
fauna at this study site.
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Table 2: Benthic macroinvertebrates diversity, distribution and abundance at Oyun river sediment, llorin, Kwara state

Benthic

Macroinvertebrates

Upstream

Midstream

Downstream

Total

Percentage
Abundance

Arthropoda (Insecta)

Aeshna cyanea (Muller, 1764) 7

Order: Odonata
Family: Aeshnidae

20

22.99

Laccophilus congener
(Regimbart, 1889)
Order: Coleoptera
Family: Dytiscidae

1.15

Chironomus plomusus
(Linnaeus, 1758)
Order: Diptera
Family: Chironomidae

30

36

41.38

Calopteryx virgo
(Linnaeus, 1758)
Order: Odonata
Family: Calopterygidae

3.45

Mollusca (Gastropoda)

Melanoides tuberculata
(Muller, 1774)

Order: Sorbeoconcha
Family: Thiaridae

26

27

31.03

TOTAL

14

38

35

87

. %

Number of Individuals
bk
Lo

Figure 2: Population of benthic macroinvertebrates at the Oyun stream

w Upstream

m Midstream

Downstream

Macroinvertebrates

Table 3: Diversity indices of benthic macroinvertebrates

Sites Shannon Shannon’s Sorenson’s
Weiner  Evenness Coefficient

Upstream 0.89 0.81

Midstream 0.80 0.72

Downstream 0.48 0.43

There are no sediment quality guidelines available in
Nigeria. However, there are standards that are universally
acceptable. Not all quality guidelines for the analysed heavy
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metals limits are available. All the ones available (Cr, Ni,
Cu, Zn and Pb) exceeded the threshold effect level (TEL)
and effects range low (ERL) (Macdonald et al., 2000),
sediment quality advisory value (SQAV) (Swartz, 1999) and
interim sediment quality guideline (ISQG) (ANZECC,
1997). This shows very high rate of contamination of the
Oyun River and adverse effects on the aquatic fauna present
in the water body. Metals in the sediment could be as a result
of physical and chemical processes (Yan et al., 2018)
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The health status of Oyun river system might have been
revealed by the diversity indices values which are strong bio-
indicator of ecosystem health (Gaskill, 2014). The low
diversity of the study sites might be due to the high
concentration of lead which inhibit growth of organisms and
also cause water and mineral imbalances (Mishra et al.,
2006). Copper and zinc also have strong negative on
taxonomic richness as reported by Armitage (1980) and
Malmaqvist and Hoffsten (1999). Soils of Kwara State have
naturally highest concentration of iron (Ogunwale and
Adesoye, 1994). Anthropogenic activities (such as washing
of automobiles) and natural factors that emit Pb might be the
reason for the high concentration of Pb (Okoro and Jimoh,
2016).

The source of lead could be from the automobile wastes that
are being washed into the stream due to the use of leaded
gasoline in the automobiles. Okoro and Jimoh (2016) also
observed high concentration of Pb in the sediment obtained
from Oyun River. The presence of the pollution tolerant
species (Melanoides tuberculata and Chironomus plomusus)
may be tagged to the effect of domestic waste discharge and
organic pollution (Atobatele et al., 2005 and Adjarho et al.,
2013). Dipterans are generally tolerant to higher levels of
pollutants in streams (Haney et al., 2013). This accounts for
the presence of Chironomus spp. The presence of
Chironomus spp. shows pollution stress of the stations,
especially, the downstream which receives a lot of faecal
materials. The presence of the haemoglobin (a pigment that
transports and stores dissolved oxygen (Tyokumbur et al.,
2002) helps these insects to adapt and thrive in polluted
aquatic environment (Esenowo et al.,2018)

The abundance of mollusc might be attributed to the
alkalinity nature of the sediment (Olomukoro and Azubuike,
2009). However, it was also noticed that most of the species
encountered were during the dry season and at the beginning
of rainy season due to little or complete absence of flow of
water. In contrast, there were no organisms found when the
rainfall increased in May. This implies that not only
temperature and pH have great effect on organisms but also
water current, as it may lead to a disorder in food chain,
reproduction cycle and impose physiological stress on
tolerant species (Adakole and Annune, 2003).

Furthermore, excavation is another factor that could have
possibly led to low species diversity, as it might have led to
the displacement of most organisms in the upstream and
downstream. Initially, the depth of the study site was not
deep as the surface water was almost dry and the depth
increased towards the end of the last sampling (May). In
other words, excavation led to increase in depth, which in
turn might lead to depletion of oxygen (even though depth
and dissolved oxygen level of the water were not measured).

CONCLUSION
The sediment quality and low benthic macroinvertebrates
diversity and abundance of Oyun River showed the poor
quality of the river system. The non-occurrence of EPT
indexed taxa and the higher abundance of the pollution-
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tolerant taxa (Chironomus plomusus) serve as biological
measures reflecting that the river could be under the stress of
organic pollution from anthropogenic sources such as refuse,
sewage and faecal materials from both human and animals.
Therefore, there is need for strict pollution management and
consistent and continuous monitoring of this river system.
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