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Abstract: Industrial and domestic discharges of effluent is one of the major causes of heavy metal
pollution in aquatic ecosystems. Samples of benthic sediment and freshwater mollusc Bellamya
unicolor were collected from 5 sites in the River Kaduna to determine heavy metal concentration, their
ecological risk, and antioxidant enzymes activities in Bellamya unicolor. The results revealed the level
of pollution based on heavy metal concentrations across the sites in the order S5 > S3 > S4 > S1 > S2.
The ecological risk factor (ErF) revealed that Cd made the highest contribution to pollution, recording
the highest ErF (2206.41). Moreover, the results of correlation base multivariate analysis showed
that urban and industrial waste were the sources of Cu and Pb in the River Kaduna. The significant
positive correlation between metal concentration and antioxidants catalase (CAT) and superoxide
dismutase (SOD) was established, with maximum activities of antioxidants at site S5. Results from
this study have revealed potential ecological risk as a result of heavy metals pollution in the River
Kaduna. Hence the need for approaches and policies be put in place to prevent the discharge of
untreated industrial and domestic waste into this aquatic ecosystem.
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1. Introduction

Industrialization and urban development are among the major causes of metal pollution in a
natural aquatic ecosystem [1]. The persistent nature and bioaccumulation ability of heavy metals in
trophic levels make these metals serious pollutants of the aquatic environment [2–4]. The presence of
heavy metals in an aquatic ecosystem either through adsorption or co-precipitation can threaten its
biodiversity, and the health of humans depending on the resources of that ecosystem [5,6]. However,
biological and chemical factors influence the mobility of heavy metals in aquatic environments by
desorption from sediments into the surface water [7]. This made the surface water a major intermediate
source of metal pollutants in benthic sediments, which is the definitive receptor [8,9].

Heavy metal concentrations of sediments and benthic organisms such as freshwater mollusc,
speciation and several analytical techniques are often used in the evaluation of probable ecological
risks in benthic sediments and their effect on the biota [10,11]. Several environmental factors and
pollution indices such as geoaccumulation index (Igeo), ecological risk factors (ErF) and sediment
quality guidelines (SQGs) have been used by several authors. It was used to measure the level or
degree of pollution caused by metal and the ecological risk posed by metals in benthic sediments [12].
Although chemical speciation is ignored, it can be considered as subjective when evaluation of the
level of pollution is computed based on Igeo and ErF. This is done because of the efficiency of these
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indices in utilizing both the concentration and toxic effect of metals to draw valuable conclusions on
risk assessments [13,14].

The discharged industrial and domestic effluent containing toxic metals in aquatic ecosystems is a
major concern to the survival of aquatic biota. Freshwater molluscs are not an exception. Although
they have devised a means of bioaccumulating the metals even at high levels, due to their high tolerant
ability to metal concentrations [15]. This ability makes them a good bio-monitor and bio-indicators of
metal pollution in aquatic ecosystems [15,16]. The need to involve freshwater mollusc in ecological risk
assessment studies does not stop at their ability to accumulate metal pollutants in high concentration.
They also form an important link in the metal cycle for aquatic ecosystems and occupy a trophic level
in the aquatic food chain [17,18].

Heavy metal concentrations in high levels can lead to the generation of reactive oxygen species
such as H2O2, OH, RO2 among others [19,20]. The manifestation of oxidative stress as a result of
oxidative damage to proteins, nucleic acids, and lipids in aquatic organisms exposed to metal-polluted
environments is triggered by reactive oxygen species (ROS). This happens when the process of
detoxifying metals by organisms has to do with redox cycling reactions [20]. However, another
important biomarker of oxidative stress known as defensive antioxidant enzymes is found in
organisms [20,21], to scavenge ROS produced in organisms because of metal pollution and oxidative
stress. Therefore an increase in ROS formation as a result of an increase in metal pollution triggers an
increase in the production of antioxidant enzymes [22,23]. This phenomenon leads to the utilization of
antioxidants as biomarkers of environmental pollution, which is a source or primary cause of oxidative
stress in organisms [23].

In this study, five sites were selected to evaluate the risk assessment of heavy metals in the River
Kaduna. Hence, to achieve the aim of this study, we determined concentrations of heavy metals in
sediments and the freshwater mollusc Bellamya unicolor, pollution indices and antioxidant enzyme
activities in Bellamya unicolor across the five sites.

2. Materials and Methods

2.1. Study Area

The study area is located in Kaduna state (Lat. 10.52◦ N and Lat. 12◦ N, Long. 7.44◦ E and Long.
9◦ E). Kaduna state is located in the northern guinea savannah zone of Nigeria as one of the most
developed industrial cities (Figure 1). The textile industry, flour mill, fertilizer, plastic, agrochemical,
brewery, and bottling companies are some of the major industries sited in Kaduna state. The climatic
conditions like most of Nigeria are characterized by the dry and wet season. The wet season commences
either in April or May and ends in October of the same year while the dry season begins towards the
end of October and ends in March the following year. Annual rainfall on average is between 1450 to
2000 mm with a temperature regime average of 25 to 43 ◦C, and relative humidity estimated to be
between 20 and 40% in January and 60 to 80% in July. The solar radiation of the Kaduna state was
25.0 Wm−2 day−1 [24].

The River Kaduna is one of the major rivers in Nigeria. It stretches southwest and south course
before completing a flow of 550 KM into River Niger. During its course through Kaduna city, it
stretches along the southern part of the state through Kakuri where it receives industrial and domestic
wastewater. It serves as a source of domestic water supply and irrigation farming for Kaduna urban
settlements and its various industries [25].

2.2. Collection of Samples

Surface sediments (0–10 cm) were collected along a stretch of River Kaduna from five sites base
on the type of anthropogenic activities, stages for the stretch of the river either downstream, upper
or in between, and history of sediment pollution. Coordinates of the sites selected were determined
and recorded using a T10 handheld Global Positioning System (GPS) receiver. At each site, five grab
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hauls were sampled using an Ekman’s grab. The samples were sorted in the field to separate Bellamya
unicolor from the sediment samples. Bellamya unicolor were identified as described by Brown and
Kristensen [26]. After sorting, the samples were placed inside zip lock bags and stored in the icebox to
be transported to the laboratory for further analysis.

 

 

 

Figure 1. Map of River Kaduna showing sampling sites.

2.3. Treatment of Samples and Determination of Heavy Metals

Sediment samples were freeze-dried and grounded while samples of Bellamya unicolor were
treated and prepared for heavy metal determination and antioxidant enzyme activities assays; 0.4 g of
grounded freeze-dried samples was digested in 8 mL of 1:1 HNO3:HCl and kept for 1 h in Anton-Paar
PE Multiwave 3000 (microwave oven) set at 200 ◦C [1,27].

For the freshwater mollusc Bellamya unicolor samples, 0.3 g of the grounded samples were digested
chemically in 3:1 HNO3:H2O2 and maintained for 45 min at 180 ◦C. The volume was then made up to
50 mL using ultra water. The solutions were left to stand after the mixture until the following day. The
solute from the digested solution of sediment and Bellamya unicolor tissue was then transferred into
polypropylene vials after filtration, stored between 4–5 ◦C and later analyzed for heavy metals using
inductively coupled plasma optical emission spectrometry (ICP-OES, Thermo, Waltham, MA, USA).

2.4. Assay of Antioxidant Enzymes Activities

Bellamya unicolor tissues were separated from the shell and washed with deionized water; 0.25 g of
the tissue sample was then homogenized using 0.01 (M) chilled phosphate buffer at pH 7 with ice-cold
mortar and pestle. The homogenate was later centrifuged for 25 min at 4 ◦C and 14,000 rpm [1,28].
The supernatant from the centrifuged samples was used for the measurement of antioxidant enzyme
activities using an LT-291 Single Beam ultraviolet-visible (UV-VIS) spectrophotometer.

2.4.1. Assay of Catalase (CAT)

Catalase (CAT) activities in the supernatant of initially centrifuged samples of Bellamya unicolor were
assayed as described by Chance and Maehly [29]. CAT activities were estimated spectrophotometrically
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at 230 nm. The enzyme extract prepared initially was used to measure the activity of catalase. Specific
activity was expressed as Ug−1 protein. 1 IU = change in absorbance/min/extinction coefficient (0.021).

2.4.2. Assay of Superoxide Dismutase (SOD)

The activity of superoxide dismutase (SOD) was determined using the method of Kakkar et al. [30].
The initial supernatant prepared was purified by precipitating the protein using 90% ammonium
sulphate before an assay of enzyme activities. The fraction was then dialysed against 0.0025 M tris-HCl
buffer (pH 7.4) and the supernatant was used as the source of enzyme. The content of the assay solution
was made up of 1.2 mL of sodium pyrophosphate buffer, 0.1 mL of phenazine methosulphate (PMS),
0.3 mL of nitro-blue tetrazolium (NBT), 1.3 mL of distilled water and 0.1 mL of the enzyme source.
The supernatant was kept inside the vials at 30 ◦C for 90 s and the reaction was stopped by adding
1 mL of glacial acetic acid. 4.0 mL of n-butanol was added to the reacting mixture and mixed properly,
then allow to stand for 10 min and the upper portion of the butanol layer was decanted. Absorbance
was measured at 560 nm against a blank of n-butanol. A system that lacks enzyme was used as the
control and one unit of activities of the enzyme was define as its concentration needed to inhibit 50%
production of chromogen per minute. Specific activity was expressed as Ug−1 protein. 1 IU = change
in absorbance/min/extinction coefficient (0.021).

2.5. Sediment Contamination and Ecological Risk Assessment

The geo-accumulation index (Igeo) provides a good explanation of the contamination or pollution
status of sediment and thereby gives a better understanding of the possible threat of metal pollutants
to natural ecosystem settings [31]. For that reason, Igeo was applied in this study as a quantitative
indicator, putting into consideration the classifications that evaluate the level of pollution as described
by Müller [32]. This index is expressed mathematically as:

Igeo = log2[
Cn

1.5× Bn
] (1)

where Cn and Bn are the metal concentration in the sediment and geochemical background value of the
element (n).

The levels of metal contamination were classified into seven levels: uncontaminated (<0),
uncontaminated to moderately contaminated (0–1), moderately contaminated (1–2), moderately to
strongly contaminated (2–3), strongly contaminated (3–4), strongly to extremely contaminated (4–5)
and extremely contaminated (>5) [32].

In aquatic ecosystems generally, sediment quality guidelines (SQGs) are utilized to assess the
potential risk posed by pollutants to the natural ecosystem [33]. Sub variables of SQGs, which are
threshold effect limit (TEL) and probable effect limit (PEL), were used for comparison with metal
concentrations in sediment to conclude possible potential ecological risk. The concentrations of metals
less than the threshold effect limit (TEL) denote a minimal effect, below which there is no expectation
for adverse effects. However, metal concentrations at or greater than the probable effect limit (PEL)
denote likely frequent occurrence of adverse biological effects (Table 1).

The ecological risk factor (ErF) was used to further assess the status of metal pollution in sediment
and its possible toxicological effect with a comprehensive evaluation of ecological risk constituted by
metal contaminants. The basis for the classification of ErF values for metal pollutants was as described
by Hakanson [34]. For a particular metal, ErF was expressed as:

ErF = Tri
× CFi (2)

where Tri is the toxic response factor of a given metal (i) (Pb = 5, Zn = 1, Cu = 5 Cd = 30, Cr = 2, Ni = 5,
Mn = 1) and CFi is the contamination factor of metal (i).
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The classification of ErF is in five classes according to Hakanson [34]: low risk (ErF < 30), moderate
risk (30 ≤ ErF < 60), considerable risk (60 ≤ ErF < 120), high risk (120 ≤ ErF < 240) and very high risk
(ErF ≥ 240).

2.6. Data Analysis

SPSS 22.0 and Minitab version 17.0 statistics software were used for data analysis. At 95%
confidence interval (p < 0.05); analysis of variance (ANOVA) was used to test for significance in mean
concentrations of metals across sites both in sediment and the freshwater mollusc Bellayma unicolor.
Pearson correlation, principal component analysis (PCA) and cluster analysis were used to determine
the sources of metal pollutants, the significant relationship between the metals, the relationship between
the sites in terms of heavy metal concentration, and the influence of metal concentrations on antioxidant
enzymes activities in Bellamya unicolor.

3. Results

3.1. Concentrations of Heavy Metals in Sediment and Freshwater Snail

The summary and some important statistics on heavy metal concentrations in sediment and
freshwater mollusc from the River Kaduna used sediment quality guidelines (SQGs) to draw some
important conclusions in our study which are presented in Table 1. The concentrations of the heavy
metals were compared across the five sites studied both in sediment and freshwater mollusc. Site
S5 which is the upstream recorded higher concentrations of heavy metals while site (S1) which the
upstream recorded the least concentrations of the nine heavy metals studied.

The ranges for heavy metal concentrations in sediments were 34.54–165.32 mg/kg, 6.36–78.98 mg/kg,
1.63–59.01 mg/kg, 4.50–61.48 mg/kg, 0.96–58.84 mg/kg, 16.09–79.20 mg/kg, 39.43–96.08 mg/kg,
2.64–60.08 mg/kg and 11.42–62.61 mg/kg for Fe, Mn, Cu, Zn, Cd, Cr, Pb, Ni and Co respectively.
Heavy metal concentrations in freshwater mollusc were lower than the concentrations in the sediment
which ranged from Fe: 6.61–33.30, Mn: 1.34–22.75, Cu: 0.54–16.51, Zn: 1.74–18.63, Cd: 0.92–17.52, Cr:
4.26–17.24, Pb: 6.24–24.20, Ni: 0.63–14.17 and Co: 1.6–21.46.

A comparison was made between heavy metal concentrations in benthic sediment samples with
TEL and PEL (Table 2). The result of the comparisons revealed that Cu, Cd, Cr, Pb, and Ni fell between
TEL and PEL for 46.4, 20.8, 57.4, 100 and 61.2% of the samples respectively. However Cd again also
had a value above PEL for 79.2% of the samples.

3.2. Ecological Risk Assessment of Heavy Metals

3.2.1. Geo-Accumulation Index (Igeo)

In this study, the values of Igeo recorded for heavy metal concentrations of sediment samples from
the River Kaduna are presented in Table 3. Based on the classification by Muller [32], the recorded
values of Igeo for Cd at sites S1 (−2.39) and S2 (−2.91) fell into class zero, which means the sediments in
S1 and S2 were unpolluted by Cd. In contrast, all the sites were found to be extremely polluted with
the other heavy metals with Igeo > 5 falling in class 6. However, site S4 Igeo (0.33) for Cd fell in class 1,
and S3 (3.53) and S5 (3.56) fell in class 4 indicating unpolluted to moderate pollution, and strongly
polluted respectively.
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Table 1. Consensus-based sediment quality guideline values (mg/kg) for heavy metals in sediment and averages for metals concentration in sediments and Bellamya
unicolor sampled from the River Kaduna.

Fe Mn Cu Zn Cd Cr Pb Ni Co

CSd 90.8225 42.2875 31.285 33.5475 29.4975 46.67625 67.66875 31.6575 34.6275
Range 34.54–165.32 6.36–78.98 1.63–59.01 4.50–61.48 0.96–58.84 16.09–79.20 39.43–96.08 2.64–60.08 11.42–62.61
CSn 20.8825 9.0625 7.295 7.555 7.4225 10.3725 15.0375 7.27 7.435

Range 6.61–33.30 1.34–22.75 0.54–16.51 1.74–18.63 0.92–17.52 4.26–17.24 6.24–24.20 0.63–14.17 1.6–21.46
TEL NA NA 35.7 123 0.596 37.3 35 18 NA
PEL NA NA 197 315 3.53 90 91.3 36 NA

Note: CSd = Concentration of heavy metals in sediment. CSn = Concentration of heavy metals in freshwater snail: Bellamya unicolor. TEL = Threshold effect level. PEL = Probable effect
level, NA = Not available.

Table 2. Comparison between sediment quality guidelines (SQGs) and concentration of heavy metals in sediment of the River Kaduna.

SQGs Fe Mn Cu Zn Cd Cr Pb Ni Co

% of samples < TEL NA NA 53.6 100 0 42.6 0 38.8 NA
% of samples btw

TEL-PEL NA NA 46.4 0 20.8 57.4 100 61.2 NA

% of samples > PEL NA NA 0 0 79.2 0 0 0 NA

Note: TEL = Threshold effect level. PEL = Probable effect level, NA = Not available.
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Table 3. Geoaccumulation (Igeo) values of heavy metals in sediments and their class.

Igeo

Sites Mn Cu Zn Cd Cr Pb Ni Co

S1 11.81 5.61 8.15 −2.39 9.89 9.00 6.42 5.78
S2 12.47 7.04 8.40 −2.91 10.31 9.03 7.51 7.13
S3 15.34 10.79 11.96 3.53 12.09 10.31 11.40 9.62
S4 13.68 8.18 10.07 0.33 10.96 9.72 9.24 7.84
S5 15.44 10.79 11.93 3.56 12.21 10.32 11.41 9.63

Mean 13.75 8.48 10.10 0.42 11.09 9.68 9.19 8.00
Level 6 6 6 1 6 6 6 6

Note: S = Site.

3.2.2. Ecological Risk Factor (ErF)

For ErF results of heavy metal concentrations in the River Kaduna, the level of pollution was in
the order Cd > Co > Ni > Pb > Cr > Cu > Zn > Mn (Table 4). Compared to other heavy metals, Cd ErF
revealed a high metal pollution level especially at site S5 (ErF = 2206.41). However, the values of ErF
for Mn, Cu, Zn, Cr, Pb, Ni, and Co revealed low potential ecological risk or pollution. But in total, the
multi-metal ErF as reflected for variation in sites classified the sediments into low pollution to very
high pollution in the sequence S5 > S3 > S4 > S1 > S2. Sites S3, S4, and S5 were classified as having
very high ecological risk with ErF ≥ 320, S2 as a low potential ecological risk with ErF <40, and S1 as a
moderate potential ecological risk with ErF falling between 40–79.9.

Table 4. Enrichment factor (ErF) values of heavy metals in sediment samples from the River Kaduna.

(Individual Metal) (Multi-Metal) ErF

Sites Mn Cu Zn Cd Cr Pb Ni Co ErF

S1 0.01 0.02 0.03 35.86 0.32 2.27 0.38 1.32 40.21
S2 0.02 0.07 0.04 25.31 0.43 2.32 0.58 3.26 32.03
S3 0.16 0.62 0.44 2160.00 1.45 5.60 8.51 17.74 2194.52
S4 0.09 0.32 0.24 1103.20 0.88 4.07 4.56 9.26 1122.61
S5 0.17 0.62 0.45 2206.41 1.58 5.65 8.58 17.89 2241.35

Mean 0.09 0.33 0.24 1106.16 0.93 3.98 4.52 9.89 1126.14

Note: S = Site.

3.3. Identification of Pollution Sources

Pearson correlation analysis (Table 5) revealed significant relationship between the metals except
Fe–Mn (0.584), Fe–Cr (0.632), Mn–Cu (0.567), Cu–Zn (0.619), Mn–Pb (0.592), Cu–Cr (0.555), Cu–Ni
(0.622), Cr–Pb (0.572) and Pb–Co (0.608). However, Cd concentration at p < 0.05 and p < 0.01 was
significantly correlated with all the other metals concentrations.

Table 5. Pearson correlation analysis among heavy metals and antioxidant enzymes.

Fe Mn Cu Zn Cd Cr Pb Ni Co SOD CAT

Fe 1
Mn 0.584 1
Cu 0.777 ** 0.567 1
Zn 0.671 * 0.984 ** 0.619 1
Cd 0.728 * 0.971 ** 0.660 * 0.985 ** 1
Cr 0.632 0.988 ** 0.555 0.993 ** 0.981 ** 1
Pb 0.765 ** 0.592 0.994 ** 0.638 * 0.671 * 0.572 1
Ni 0.672 * 0.978 ** 0.622 0.993 ** 0.988 ** 0.992 ** 0.634 * 1
Co 0.640 * 0.982 ** 0.585 0.993 ** 0.983 ** 0.987 ** 0.608 0.986 ** 1

SOD 0.809 ** 0.822 ** 0.845 ** 0.827 ** 0.877 ** 0.809 ** 0.860 ** 0.832 ** 0.822 ** 1
CAT 0.567 0.779 ** 0.758 * 0.765 ** 0.769 ** 0.735 * 0.801 ** 0.759 * 0.777 ** 0.904 ** 1

Note: ** Correlation is significant at the 0.01 level (2-tailed), * Correlation is significant at the 0.05 level (2-tailed),
SOD = Superoxide dismutase, CAT = Catalase.
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The similarity in terms of the pattern of distribution of heavy metals was established through the
utilisation of principal component analysis (PCA); PCA pulls the data together into a form that can be
managed easily and takes out a small number of latent factors to analyse the relationship between the
variables observed [35,36]. PCA was applied here primarily to evaluate the source origin of heavy
metals in the region.

The results for PCA are presented in Table 6. The high eigenvalue is an indication of pattern and
to what extent the data is spread and this leads to consideration of high eigenvalue as the principal
component. The components/factors associated with the results of PCA for heavy metals in sediments
and freshwater mollusc had a total variation of 92.5%. Component 1 (PC1) recorded the highest
eigenvalue of 13.82, accounting for 76.80% of the total variation, and dominate the other components
with more significant variation and strong positive loadings (>0.90) of Mn, Cu, Cd, Cr, and Pb in
the sediment. Component 2 (PC2) accounted for 8.81% of total variation and had moderate positive
loadings (>0.50) of Cu and Pb in the sediment. Component 3 (PC3) accounted for 6.89% of the total
variation having moderate positive loadings (>0.50) on Co.

Table 6. Principal component analysis (PCA) loadings for heavy metals in sediment (Sd) and Bellamya
unicolor (S).

Component

Heavy Metal PC1 PC2 PC3

Fe_S 0.74 0.40 0.03
Mn_S 0.97 −0.20 −0.02
Cu_S 0.73 −0.23 0.01
Zn_S 0.98 −0.17 −0.02
Cd_S 0.99 −0.10 0.00
Cr_S 0.97 −0.23 −0.02
Pb_S 0.75 −0.17 0.05
Ni_S 0.98 −0.16 0.03
Co_S 0.97 −0.22 0.30
Fe_Sd 0.85 0.26 0.21
Mn_Sd 0.97 −0.18 0.07
Cu_Sd 0.97 0.63 −0.01
Zn_Sd 0.68 0.36 −0.05
Cd_Sd 0.98 −0.18 −0.05
Cr_Sd 0.98 −0.16 0.01
Pb_Sd 0.97 0.60 −0.09
Ni_Sd 0.67 0.33 −0.52
Co_Sd 0.24 0.07 0.95

Eigenvalue 13.82 1.59 1.24

Total variance (%) 76.80 8.81 6.89

Note: Method of extraction: principal component analysis. Rotation method. Bold numbers indicate a strong
loading value (>0.9); moderate loading value (>0.5).

Cluster analysis reveals the relationship between sampling sites (Figure 2a) based on heavy metals
concentrations and also the relationship between the metals (Figure 2b). For the relationship between
the sites, three (3) clusters were formed at a similarity level of 89.09. The first cluster presented only site
S1 and the second cluster had only site 2 while the third cluster grouped sites S3, S4, and S5. Four (4)
clusters were formed for the relationship between the metals at a similarity level of 99.57. The clusters
were Cluster 1 (Fe), Cluster 2 (Mn, Cr, Cu, Cd, and Pb), Cluster 3 (Zn and Ni) and Cluster 4 (Co).
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Figure 2. Cluster analysis for the relationship between (a) sites; (b) heavy metals.

3.4. Antioxidant Enzyme Activities

Antioxidant enzymes such as CAT and SOD can be used to monitor changes in an environment
through the measurement of their activities in an organism present in that same environment. The
activities of CAT and SOD in this study are shown in Figure 3a,b respectively. Significant variation
existed at p < 0.05 across the sites for the two antioxidants with sites S5 recording the highest activities
for both CAT and SOD. However, CAT activities ranged from 6.67–72.46 Ug−1 protein and SOD
2.70–12.49 Ug−1 protein. The sequence for activities of CAT and SOD across the sites; S5 > S3 > S4 > S1
> S2 corresponded with that of heavy metals concentrations, Igeo and ErF.

Water 2020, 12, 202 9 of 14 

 

existed at p < 0.05 across the sites for the two antioxidants with sites S5 recording the highest activities 
for both CAT and SOD. However, CAT activities ranged from 6.67–72.46 Ug−1 protein and SOD 2.70–
12.49 Ug−1 protein. The sequence for activities of CAT and SOD across the sites; S5 > S3 > S4 > S1 > S2 
corresponded with that of heavy metals concentrations, Igeo and ErF. 

A significant positive correlation (p < 0.01) and (p < 0.05) existed between CAT, SOD and all the 
heavy metals except Fe (0.567) which did not correlate with CAT significantly. 

 
(a) (b) 

Figure 2. Cluster analysis for the relationship between (a) sites; (b) heavy metals. 

 
(a) (b) 

Figure 3. Antioxidant enzymes activities in Bellamya unicolor across the sites for (a) catalase (CAT); (b) 
superoxide dismutase (SOD). 

4. Discussion 

The high concentrations of heavy metals recorded in this study downstream (S5) and the 
significant variations across the sites both in sediment and freshwater molluscs can be as a result of 
anthropogenic activities from the nearby settlements and the industries sited close to the aquatic 
ecosystem under study [37,38]. However, even though reduced to non-anthropogenic activities were 
seen or recorded at site S1 which is located upstream, concentrations of heavy metals were still 
recorded. This can be due to the atmospheric deposition of heavy metals and the effect of runoff that 

S4S5S3S2S1

55.07

70.05

85.02

100.00

Sites

Sim
ila

rit
y

CoNiZnPbCdCuCrMnFe

46.81

64.54

82.27

100.00

Heavy Metals

Sim
ila

rit
y
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(b) superoxide dismutase (SOD).

A significant positive correlation (p < 0.01) and (p < 0.05) existed between CAT, SOD and all the
heavy metals except Fe (0.567) which did not correlate with CAT significantly.
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4. Discussion

The high concentrations of heavy metals recorded in this study downstream (S5) and the significant
variations across the sites both in sediment and freshwater molluscs can be as a result of anthropogenic
activities from the nearby settlements and the industries sited close to the aquatic ecosystem under
study [37,38]. However, even though reduced to non-anthropogenic activities were seen or recorded
at site S1 which is located upstream, concentrations of heavy metals were still recorded. This can
be due to the atmospheric deposition of heavy metals and the effect of runoff that ends up in the
river [17,39]. The deposition of metals from the atmosphere, industries located at the catchment,
effluents of agrochemical sources and domestic sewage discharge forms part of the input for metal
pollutants of anthropogenic sources. Their effect is reflected in natural aquatic ecosystem sediments
with negative consequences to benthic organisms and the general wellbeing of the ecosystem [40,41].

Several authors [4,6,14] report similar findings in ecological assessment of the aquatic ecosystem
having variations in different sites, with maximum concentration at sites with industrial plants and
more anthropogenic activities.

The concentrations of heavy metals such as Cu, Cd, Cr, Pb and Ni that fall between TEC and
PEC values for 46.4, 20.8, 57.4, 100 and 61.2% respectively from sediment quality guidelines of the
freshwater ecosystem may be an indication of occasionally serious negative effects of this metals upon
the ecosystem under study [4]. However, 79.2% of samples with a concentration of Cd greater than
PEL reflected the frequent occurrence of biological effect [42]. Comparison is made between metal
concentrations with TEC and PEC values to identify if heavy metals present in the sediment has the
possibility of threatening the aquatic life [14,42].

This site has industries sited close to it and receives effluents from the industries. Hence, serious
attention might be required at this site due to high concentrations of metal pollutants in comparison
with the other sites. Pollution as a result of industrial effluent and domestic waste discharge contributes
to the rise in concentrations of metal pollutants leading to contamination of the ecosystem [4,43].

The Igeo of heavy metals in sediments were generally higher in site S5 and lower in sites S1 and
S2. Igeo scoring of S1 and S2 into class zero [32] for Cd indicate no contamination with Cd. Cd is well
known as one of the major pollutants with industrial effluents and domestic sewage as its source [43].
However, extreme pollution of the sites with heavy metals especially S5 with Igeo >5 having a score
of 6 reflects on the source variations of the metal pollutants and the nature of catchments. Site S5 is
downstream where the other stretch of the river ends up, receiving some of its contents apart from the
effluents received from the nearby industrial plants. Downstream has been reported in several studies
to have more pollutants affecting the natural wellbeing of that particular ecosystem setting [44–46].

Considerable ecological risk exhibited by the metals across the sites is linked with the level of
geoaccumulation recorded. The ecological risk was consistent with Igeo for both metals and site variation
as revealed by multi-metal ErF. Cd posed a high ecological risk in River Kaduna with an expectation of
an adverse effect expected to occur suggesting that they are present in high concentrations, especially
at site S5 with the maximum ErF value. This major ecological risk in surface sediment of the River
Kaduna by Cd must have been seriously influenced by anthropogenic activities, leading to a high toxic
response factor [6]. The low and moderate potential ecological risk in sites S1 and S2 may be a result of
metals present in residual forms and minimal concentrations [31,47,48].

Source and migration of metals may be reflected by correlation analysis and PCA [49,50].
Non-significant correlation between Fe–Mn, Fe–Cr, Mn–Cu, Cu–Zn, Mn–Pb, Cu–Cr, Cu–Ni, Cr–Pb, and
Pb–Co indicates different factors controlling the availability and concentrations of these metals [4,9].
This implies the metals might have originated from different sources. This was also revealed in the
PCA; the groupings of metals, and component 1 and 2 accounting for 76.80% and 8.81%, respectively,
with strong positive loading of Mn, Cu, Cd, Cr and Pb in the sediment and moderate positive loading
of Cu and Pb in the sediment. This implies urban and industrial waste to be the source of Mn, Cu, Cd,
Cr and Pb [51,52].
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Similarity and dissimilarity in groups are effectively represented using cluster analysis. Three
cluster formations for sites under study revealed a close relationship between these sites. Grouping of
S3, S4, and S5 together at a similarity level of 89.09 indicates possible similarities in human activities,
site morphology and the pristine background types of sources [53]. The significant relationship
revealed by cluster analysis at 99.57 similarity level for the relationship between the metals, grouping
Mn, Cr, Cu, Cd, and Pb together makes it possible that they have the same natural and anthropogenic
sources [54,55]. This is also a link to the multiple effects of these metals on benthic organisms. For
example, Bellamya unicolor collected during our sampling for this study. Our result agrees with the
finding of Peijnenburg et al. [56]; Li et al. [55]; Chung et al. [54]. These authors assess and monitor
heavy metal sources and their risk in different aquatic environments.

CAT and SOD activities were used in this study as biomarkers to measure the extent of stress in
the River Kaduna as reflected in Bellamya unicolor sampled from the same environment at different
sites. CAT and SOD are a type of antioxidant enzyme that scavenges reactive oxygen species (ROS)
(H2O2, OH, O2, etc.) produced by organisms as a result of oxidative stress caused as a result of
unfavorable environmental conditions such as metal pollution [1]. Significant variation in CAT and
SOD activities across the sites with high activities in site S5 may be a result of different concentrations
of ROS production at the sites with high concentrations at site S5 due to high metal pollution [57]. The
scavenging ability of antioxidants increases through their activities in response to increased ROS to
reduce or prevent membrane lipid peroxidation by ROS and to improve membrane stability of the
cell [58,59].

The significant positive correlation between the antioxidants and the metals showed that
the organism Bellamya unicolor is under stress as a result of an increase in metal contamination.
Bakshi et al. [1] report similar findings for the biological response of an aquatic organism to metal
contamination through antioxidant activities. They revealed an increase in antioxidants with a spatial
and temporal increase in heavy metal concentrations.

Our results in this study tend to bridge the gap in knowledge for metal pollution risk assessment,
and the use of CAT and SOD as primary biomarkers in benthic organisms of a tropical ecosystem.
There has so far been no report, to the best of our knowledge, assessing risk assessment using ecological
indices, antioxidant enzymes and Bellamya unicolor as a biomonitor. Our study will provide data to be
used as a baseline for studies in the River Kaduna and other related tropical rivers in the same region.

5. Conclusions

The results from this study provide information on the contamination of heavy metals Fe, Mn, Cu,
Zn, Cd, Cr, Pb, Ni, and Co in surface sediment of the River Kaduna and their bioavailability in the
freshwater mollusc Bellamya unicolor sampled from the same ecosystem.

At a 95% confidence interval, significant variation existed in the concentration of metals in surface
sediment and freshwater molluscs across the sampling sites with the site S5 (downstream) having the
maximum metal concentrations.

Cd concentration in sediment was greater than PEL, which implies likely frequent occurrence of
biological effect by Cd in the River Kaduna with the possibility of threatening the aquatic life. This
was reflected in Cd ErF values that are higher than the values of ErF for other metals. Igeo and ErF
values follow the same sequence with maximum values at site S5 revealing very high ecological risk
with Igeo > 5 and ErF > 320. Mn, Cu, Cd, Cr, and Pb originate mainly from urban and industrial waste
as revealed by PC1 and PC2 analysis while S3, S2, and S3 have similar anthropogenic activities and
natural metal inputs as shown in cluster analysis. Significant variations existed in CAT and SOD
activities in Bellamya unicolor across the sites with maximum activities recorded at sites S5 for both
antioxidants. This also coincides with the high values of Igeo and ErF at site S5. However, there is a
significant positive correlation between the antioxidants and metal concentrations.

Important approaches and policies should be put in place to prevent the discharge of untreated
industrial and domestic waste into the River Kaduna. The approach should involve the prevention of
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irrigation farming close to the river and, in that way, non-point sources of pollution can be abated and
there can be a decrease in ecological risk associated with metal pollutants.
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