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Studies on biomonitoring the aquatic environment using host-parasite dynamics as bio-
indicators of effects and accumulators of heavy metals insults are still scarce, particularly
in the tropics. In our study, we aimed at elucidating the possible use of helminth parasites
of fish in monitoring and controlling heavy metal pollution. Samples were collected from
an anthropogenically polluted river in north central region of Nigeria over a period of
24 months (September 2014 and October 2016). Water, fish muscle, and fish parasites
samples of three dominant fish species were collected, processed, and analyzed
for copper, lead, manganese, iron, zinc, and chromium. The metal concentrations in
parasites of: Clarias gariepinus was in the order of Fe > Zn > Cr > Mn > Pb > Cu;
Tilapia zilli was in the order of Fe > Zn > Mn > Cu > Cr > Pb; and that of
Raiamas nigeriensis was in the order of Fe > Zn > Cr > Mn > Cu > Pb. The
CCA ordination revealed strong relationships between fish parasites and heavy metals
pollution. Generally, Fe, Zn, Mn, Cu, Cr, and Pb concentrations in the parasites of
all fish species were clearly higher than those in the muscles of the fish hosts. Pb
was not detected in the fish muscles of Raimas nigeriensis but was detected in the
parasites of the fish, thus indicating high bioaccumulation capacity of the parasites. The
close linkage between Eustrongylides sp. and zinc could mean that Eustrongylides sp.
was an ideal surrogate for zinc pollution. This study revealed that intestinal helminthic
parasites can be ideal surrogates for both effects and accumulation bioindication of
heavy metal pollution.

Keywords: aquatic pollution, bioaccumulation, bioindication, biomonitoring, ecotoxicology, heavy metals,
parasites

INTRODUCTION

Aquatic ecosystem has various sources of pollution, resulting from human activities such
as industrial processes, amplified urbanization, and waste discharge (Aladaileh et al., 2020).
Furthermore, processes such as weathering of rocks, human-induced emissions from mining, and
other mining-related processes are ultimately likely to elevate heavy metals concentrations in water
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bodies, leading to increased pollution (Sankhla et al., 2016).
Elevated levels of heavy metals (e.g., cadmium, lead, and
mercury) are naturally found in rocks and sediments (Waheed
et al., 2020). Given that a broad range of these heavy metals are
persistent and are not naturally degradable, they aggregate in
the sediments of streams (Sures et al., 2017). Heavy metals are
biologically classified into two: the biologically essential metals
(e.g., Cu, Ni, Zn and Fe) which are important for fish metabolic
activities and the non-biologically essential or toxic metals (e.g.,
Cd, Pb and Hg) which are toxic even in trace concentrations
and have no known metabolic roles in fish (Demirezen and
Uruc, 2006; Mehana et al, 2020). Among the heavy metals
implicated in aquatic pollution in relation to fish, lead, copper,
zing, iron, chromium, and manganese are among the most
common (Afshan et al.,, 2014). Most of these heavy metals are
essential for fish metabolism at internationally approved limits,
but become very toxic when their concentrations overshoot these
limits (Keke et al., 2015; Padrilah et al., 2018). Fish are distinctly
in danger of heavy metal insults given that they naturally live
and get nourished within the water environment, and as such
exhibit certain limitations in avoiding the hazardous effects of
heavy metals pollution (Ahmed et al., 2020). Fish ultimately
absorb heavy metals directly from water by means of their
skin and gills as well as through the intake of food that is
polluted with heavy metal contaminants (Vidal-Martinez and
Wunderlich, 2017; Hassan et al., 2018). Consequently, heavy
metals penetrate the bloodstream of fish and bioaccumulate in
their tissues or organs. The bioaccumulated concentrations of
heavy metals undergo biological transformations and are either
passed out by egestion or are consumed by man, with resultant
deleterious outcomes on fish as well as fish consumers (Vidal-
Martinez and Wunderlich, 2017), hence the consequence of the
resultant deleterious effects of heavy metals on fish can be used in
biomonitoring freshwater ecosystems. Among the organs of fish
impacted by heavy metals, the muscle is usually preferred given
its human-health deductions via consumption (Hassan et al.,
2018), and its biomonitoring significance.

Biomonitoring is the use of biological indicators (bioindi-
cators) ie., aquatic organisms to determine the impact level
of human influences on the ecological balance of aquatic
ecosystems (Edegbene et al., 2020). Bioindicators are organisms
whose presence, absence, or physiological conditions are
indicative of environmental quality (Sures, 2003; Arimoro and
Keke, 2017). They can either be effect indicators or accumu-
lation indicators. Effect bioindicators reflect alterations in the
physiology, molecules, functions, or number of organisms; while
accumulation bioindicators (sentinels) are able to effectively
accumulate materials from the surroundings to concentrations
that are appreciably higher than those in the surroundings
without manifesting deleterious outcomes (Sures, 2003;
Tellez and Merchant, 2015).

Historically, the assessment of water quality using bioindicator
organisms has been through the use of free-living biota such
as fish, macroinvertebrates, and plankton (Ortega-Alvarez and
MacGregor-Fors, 2011; Tweedley et al, 2014; Keke et al,
2017). Nevertheless, the use of free-living biota as bioindicators
is characterized by several constraints; for example: (1) the
sampling processes are sophisticated and require loads of funds;

(2) sampling routine requires considerable amounts of samples
to make any meaningful inference; (3) the composition of the
organisms is affected by seasonal and temporal dynamics; (4) the
large-scale heterogeneity in interpreting results occasioned by the
use of sophisticated analytic tools and methods (Wright, 2010;
Vidal-Martinez and Wunderlich, 2017).

Currently, emphasis is shifting to the use of parasites as both
effect indicators and accumulation indicators, given that they
respond differently to a variety of pollutants in the environment
(Vidal-Martinez et al., 2014; Vidal-Martinez and Wunderlich,
2017; Hassan et al., 2018; Al-Hasawi, 2019; Mehana et al., 2020).
Helminth parasites of fish (e.g., trematodes, nematodes, cestodes,
and acanthocephalans) have been employed as ideal tools for
biomonitoring of heavy metal insults in aquatic ecosystem
studies (Bush et al., 2001; Sures, 2003; Hassan et al., 2018; Al-
Hasawi, 2019). Some of the advantages of using parasites as
bioindicators of effects and accumulation include, but not limited
to, the following: (1) they do not have complex species richness,
particularly in benthic freshwater ecosystem; (2) their taxonomic
attributes and life-history are very familiar; (3) each individual
host forms a sampling domain with its own group of parasite taxa
(Kuris, 1980); (4) given that parasites of high-level predators are
regarded as high-level consumers, they inevitably represent ideal
indicators of trophic level accumulation (Tellez and Merchant,
2015; Vidal-Martinez and Wunderlich, 2017).

Studies on bioremediating the aquatic environment
using host-parasite dynamics as bio-indicators of effects
and accumulators of heavy metals insults are still scarce,
particularly in the tropics. Due to the strategic location of
Chanchaga River, it is believed to be contaminated with heavy
metals largely from mining, agriculture, construction works,
fishing, domestic and industrial wastes from water processing
for municipal supplies (Amadi et al., 2012; Edegbene et al,
2015; Mgbemena et al, 2020). Anthropogenic emissions
from crude and artisanal mining activities and metal fetching
from underground that are overwhelmingly on the increase
around the river would consequently lead to further increase in
heavy metals pollution of the river. This present study fills an
important gap in the knowledge of the ecotoxicology field by
evaluating the possible use of parasites as bio-monitors of heavy
metals pollution.

MATERIALS AND METHODS

Study Area, Sampling and Sample

Preparation

A total of 195 samples of the most dominant species of fish (72
Claris gariepinus, 58 Tilapia zillii and 65 Raiamas nigeriensis)
in Chanchaga River were caught by the use of a trawling net
over a period of 24 months (September 2014 and October 2016).
Chanchaga River lies between latitude 8°43'N to 9°40'N and
longitude 6°12'E to 6°47'E of the equator (Figure 1; Edegbene
etal,, 2015). Chanchaga River is massively polluted given various
forms of human-influenced activities ranging from gold mining,
crop farming and the presence of Niger State Water Board
Authority along the river course (Amadi et al., 2012; Edegbene
et al., 2019). Samples of water and fish were collected monthly
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FIGURE 1 | Map of the study area showing the sampling stations, major towns. Source: Remote sensing laboratory, Department of Geography, Federal University of

for 24 months from four (4) different locations along the
river (named Stations 1 to 4) based on contrasting degrees of
anthropogenic disturbances.

Station 1

This station is located at Zhabyala village (latitude 9°40'N and
longitude 6°46'E). Human activities are numerous and most
intense in this station when compared to other stations. Some of
the obvious human activities include welding processes as well
as their related discharges, washing of motorcycles and vehicles,
fishing by folks, agricultural processing, wood-fetching and
cuttings especially of baboon tress, laundry, bathing alongside
some small-scale industries like block-making, crude mining,
and mechanic workshops. The riparian vegetation is an open
vegetation because of the degree of disturbance by locals, and
is characterized by mostly bamboo trees (Bambusa vulgaris) and
some species of epiphytic plants.

Station 2

This station is located at Tunga Waya community of Bosso
Local Government Area (latitude 9°35'N and longitude 6°39'E).
Human activities here are reduced and not as much as those
of Stations 1 and 4, and consist mostly farming of a number

of cash crops like melon, cowpea, okra etc., Domestic activities
like bathing, washing and defecation are intermittently observed
here. The vegetation here is a dense canopy cover with shrubs
and grass dominating the surroundings given the limited
disturbances by locals.

Station 3

Station 3 is located in Chanchaga area of Minna town close to
the Niger State Water Board which is where the name of river
originates from (Latitude 9°32'N and Longitude 6°34'E). This
site is approximately 4.23 km from Tunga Waya community.
Like Station 2, human disturbances are greatly reduced here in
comparison to Stations 1 and 4 with intense human disturbances.
However, most activities occurring downstream include fishing,
laundry, bathing, and passing of human wastes by locals.
A canopy cover of mostly mango trees (Mangifera indica) is
dominant in this station but the area is surrounded by moderately
portioned lands. The riparian vegetation here is mostly Rubiaceae
(Nauclea latifolia).

Station 4
This area is called the Koropan Community (Latitude 9°31'N
and Longitude 6°32'E). It is about 1.5 km from the Water Board
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site. It is a community that harbors quite a number of residential
structures and because of this human activities here are relatively
high when compared to Stations 2 and 3. Agriculture practices,
mining and numerous domestic activities including car washing,
laundry and even fishing are also carried out on daily basis near
the water body, but not as intense as those of Station 1. The
riparian vegetation here is quite sparse or almost absent due to
the presence of dense human activities.

Samples of muscles and middle intestines were taken from
each fish and kept frozen at -20°C until being processed for
heavy metal analysis.

The parasites were initially pooled alongside the fish
hosts according to the different stations given that the
information would be employed on station-basis for Canonical
correspondence analysis (CCA). Carefully dissected fish from
each of the stations were examined microscopically for endo-
parasites, and helminths parasites found in the intestines of
the infected fish were carefully collected using a dropper and
washed severally in petri-dishes containing saline solution.
Parasites were identified to their taxonomic groups according
to their morphological features using relevant taxonomic keys
(Hoffman, 1999). Collected helminthic parasites were carefully
homogenized into a composite, and kept frozen at —-20°C until
being processed for heavy metals analysis. Helminth parasitic
pool was then made for each of the fish species prior to heavy
metals analysis.

Heavy Metals Analysis

Water samples from the four stations were filtered through a
0.45 pwm membrane filter and acidified with suprapure HNO3
to pH < 2, and then analyzed directly for Cu, Pb, Mn, Fe, Zn,
and Cr heavy metals by Flame Atomic Absorption Spectrometry
(Centre of Genetic Engineering laboratory in Federal University
of Technology, Minna Nigeria), using Varian 5-AAS analytic
Jena Spectrometer.

Fish muscle samples and parasite tissue samples were analyzed
according to the method prescribed by Zimmermann et al.
(2001). Firstly, the frozen samples were allowed to thaw, after
which 150 mg by wet weight of the homogenized fish tissues or
50 mg of parasites were transferred to a 150 mL perfluoralkoxy
(PFA) vessel. A solution containing a mixture of 2 mL HNO;
(65%, suprapure) and 2.5 mL H202 (30%, suprapure) was
added to the vessel and heated for 90 minutes at approximately
170°C in a microwave digestion system (CEM GmbH, Kamp-
Lintfort, Germany; Model MDS-2000). As soon as digestion
was over, the resulting solution was diluted to 5 mL with
high-quality deionized water in a volumetric glass flask, and
then analyzed for heavy metals (Cu, Pb, Mn, Fe, Zn, and Cr)
by Flame Atomic Absorption Spectrometry (Centre of Genetic
Engineering laboratory in Federal University of Technology,
Minna Nigeria), using Varian 5-AAS analytic Jena Spectrometer.
The optimization of the flame wavelength as well as the sample
aspiration rate was performed in line with recommendations
from manufacturers. The calibration was performed using
four aqueous standards with analytical concentrations that are
comparable to the linear response extent of the instrument, and
also comprising similar concentrations of nitric acid as that of

the sample. The analysis of the samples, standards, and blanks
were conducted by the use three 10-s integration. The final
concentration of heavy metals was achieved by preparing the
reagent blank and its value was subtracted (Hassan et al., 2018).

Data Analysis

The range, mean and standard deviation for each parameter
and Station were calculated. One-way Analysis of Variance
(ANOVA) at 95% level of significance was used to compare means
of concentrations of heavy metals among the four collection
stations. Significant ANOVAs (P < 0.05) were followed by
Tukey’s post hoc HSD tests to identify differences among the
means. The range, mean, standard deviation, ANOVA, and
post hoc were conducted using SPSS software program (version
20). The student ¢ test was used to evaluate significant difference
between the heavy metal concentrations of the fish muscle and
parasites. t test analysis was performed using PAST statistical
package (Hammer et al., 2001).

The bioaccumulation factor (BAF) was calculated for each
species of fish with parasites as recommended by Sures et al., 1999
as the ratio of metal concentration in the parasite and the host
tissue (Cl[parasite]/C[host tissue]).

Canonical correspondence analysis (CCA) was used to
evaluate the relationships between the parasites abundance
(composition) and the heavy metals. CCA was conducted using
PAST statistical package (Hammer et al., 2001). Prior to CCA,
the test of assumptions of unimodality computed using DCA
returned a gradient length of >3.0 (ter Braak, 1995), therefore
we performed the ordination using CCA. CCA is a robust
mechanism for unraveling complex datasets, and, being a direct
gradient analysis, it enables combined analysis of both taxa
and environmental data (ter Braak and Smilauer, 2002). The
correlation coeflicients between the species and the environment
provided an estimate of the description of community pattern by
individual environmental variables. The significance of the first
three canonical axes was tested using a Monte Carlo permutation
test with 999 permutations (Jckel, 1986).

RESULTS

The summary of heavy metals concentration from the four study
stations in Chanchaga River is shown in Table 1. These values are
compared with standard values of guidelines of USEPA (2010) for
environmental health. As shown in this table, the heavy metals
concentrations of the four stations were significantly different
(P < 0.05) among the stations. The concentrations of Cu, Zn, and
Cr were significantly highest at Station 1 while Pb concentration
was significantly highest in Station 4. Stations 2, 3 and 4 were
generally more similar in terms of heavy metals concentrations.
The comparison with USEPA (2010) guideline indicated clear
pollution of the river along the stations as Pb, Mn, and Fe were
well above the safe limit of USEPA (2010); but Cr, Cu, and Zn
values were either lower or equal to the safe limit.

The result of fish species collected from each station is
presented in Table 2. The lowest numbers of Clarias gariepinus
and Tilapia zillii were collected from Station 1 while the lowest
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TABLE 1 | Summary of heavy metals (mg L) concentrations of water in Chanchaga River study stations.

Station 1 Station 2 Station 3 Station 4 P Value USEPA, 2010
Copper* 0.07 + 0.028? 0.023 4+ 0.019° 0.0465 + 0.023° 0.029 4+ 0.019° 0.030 1.3
(0.02-0.18) (0-0.12) (0-0.13) (0-0.12)
Lead" 0.48 + 0.3212 0.36 + 0.200? 0.55 + 0.180° 0.73 + 0.227° 0.018 0.015
(0-1.95) (0-1.07) (0.10-1.02) (0-1.29)
Manganese* 0.45 4+ 0.2662 0.42 +0.1462 0.14 + 0.050° 0.14 + 0.040Q° 0.037 0.05
(0-1.74) (0.02-1.03) (0.06-0.38) (0-0.25)
Iron* 0.66 + 0.146? 0.26 +0.113° 0.73 + 0.2272° 0.68 + 0.1142° 0.012 0.3
(0.18-1.19) (0-0.72) (0.19-1.72) (0.31-1.00)
Zinc* 2.82 + 0.8942 1.02 + 0.234P 1.34 +0.337° 1.060 + 0.372° 0.015 5
(0-5.78) (0-1.77) (0-2.28) (0-2.30)
Chromium* 0.03 + 0.006? 0.02 + 0.005° 0.01 + 0.003° 0.01 + 0.009° 0.022 0.02
(0.02-0.05) (0-0.04) (0-0.02) (0-0.04)

Data are the means + SE derived from monthly values with minimum and maximum values in parenthesis. Different superscript letters in a row show significant differences
(P < 0.05) indicated by Tukey Honest significant difference (HSD) tests. *Significantly calculated F value detected by ANOVA.

number of Raimas nigeriensis was collected from Station 4.
Station 2 contributed the overall highest number of individuals
(65) followed by Station 3 with 54, while the lowest number of
fishes were collected from Station 1 with 36 individuals. A total
of 152 (77.95%) of the 195 different fish species examined were
infected with various helminthic parasites. In terms of percentage
infection rate by species, 80.6% (58 out of 72 individuals), 74.1%
(43 out of 58 individuals), and 78.5% (51 out of 65 individuals)
were recorded for Clarias gariepinus, Tilapia zillii, and Raimas
nigeriensis, respectively. The distribution of the infected fishes as
per stations was 44, 41, 32.

A total of 1,310 parasites were encountered and identified,
and the majority of these parasites were made up of the class
Nematodae, which accounted for 97.3% (1274 parasites) of
the entire endo-parasites. Other parasites that made up the
remaining 2.7% included the classes Monogenea (Dactylogyrus
sp.), Cestoda (Polyonchobothrium clarias), and Acanthocephala
(Acanthocephalus sp.), and they contributed only 36 endo-
parasites across the study stations. The class Nematoda was
represented by Camallanus sp., Capillaria sp., Eustrongylides sp.,
Cucullanus sp. and Alvinocaris markensis.

The Fish Parasites and Heavy Metals

Relationships

The CCA ordination revealed strong degrees of relationships
between fish parasites abundance and measured heavy metals.
The first two canonical axes accounted for as considerable as
92.62% of the variation in the parasite data set. An unrestricted

TABLE 2 | Fish species distribution across the four sampled stations of
Chanchaga River.

Station1  Station2 Station3 Station4 Total
Clarias gariepinus 13 20 22 17 72
Tilapia zillii 9 21 17 " 58
Raimas nigeriensis 14 24 15 12 65
Total 36 65 54 40 195

Monte Carlo permutation test indicated that the first three
canonical axes were significant (P < 0.05). As revealed by the
convex hulls of the CCA, most of the heavy metals (Pb, Zn,
Fe, and Cu) and majority of the parasites were associated to
Station 1 that had the highest concentrations of the heavy metals
sampled across the stations (Figure 2, Tables 1, 3). Axis 1,
which was strongly associated with most of the parasites, was
mostly explained by Pb, Mn, and Fe. Samples from Station
1 were positioned on the left, close to the center point of
the plot. Most of the samples taken from Stations 4 were
positioned on the left, whereas those from Stations 2 and 3
were on the right. Axis 2 of the CCA plot was associated
mainly with Cu and Mn. Alvinocaris markensis was particularly
associated with station 2. Station 3 had no very close relationship
with majority of the fish parasites. Conversely, many of the
fish parasites were found to have very close relationship with
station 1 with the highest concentrations of these heavy metals.
Similarly, from the CCA ordination plot, species such as
Capillaria sp., Acantocephalo sp., Dactylogyrus sp., Camallanus
sp., Eustrongylides sp., and Cucullanus sp were characteristic
indicators of the highest concentrations of heavy metals at station
1. These species were closely associated with increased heavy
metal. The heavy metal, Zn has the closest relationship with the
prevalence and abundance of these fish parasites and seemed
a perfect indicator for most of the heavy metal insults. In
specifics, the fish parasite, Eustrongylides sp., is heavily linked
to Zn pollution.

Heavy Metal Concentration and BAF
Between Fish Muscle and Parasite of
Clarias gariepinus, Tilapia zillii, and
Raimas nigeriensis

The heavy metal concentrations in fish muscle and parasite of
Clarias gariepinus, Tilapia zillii, and Raimas nigeriensis are shown
in Table 4. Generally, Fe, Zn, Mn, Cu, Cr, and Pb concentrations
in the parasites of all fishes were clearly higher than those in the
muscles of the fish hosts. However, no significant relationships
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FIGURE 2 | Canonical Correspondence Analysis (CCA) ordination plots of Pb, Cu, Mn, Zn, Fe, and Cr association with helminths parasites metrics of the fish

samples collected in Chanchaga River.

Axis 1

(P < 0.05) were found between the heavy metals of the
parasites and those of the muscles of the fish hosts. The metal
concentrations in parasites of: Clarias gariepinus was in the order
of Fe > Zn > Cr > Mn > Pb > Cu; Tilapia zillii was in the order
of Fe > Zn > Mn > Cu > Cr > Pb; and that of Raimas nigeriensis
was in the order of Fe > Zn > Cr > Mn > Cu > Pb. Again,
for Raimas nigeriensis, Pb was not detected in the fish muscle
but was detected in the parasites, and this further showed the
bioaccumulation capacity of these parasites.

As shown in Table 5, the parasites showed relatively high
abilities to accumulate heavy metals from the host fishes as the
BAF of all metals of all species of fish were high (>1). The overall
highest BAF (BAF = Concentration in parasite/Concentration in
fish tissues) was obtained for Cu (BAF = 4.60) which presented

TABLE 3 | Correlations of importance of the heavy metals in the prevalence of the
parasites with the first three axes of canonical correspondence analysis (CCA) in
Chanchaga River, Niger State.

Variable Axis 1 Axis 2 Axis 3
Eigen value 0.1422 0.03479 0.01414
Proportion explained (%) 74.41 18.16 7.385
Copper —0.2414 —0.4837 0.8651
Lead —0.8547 —0.3148 —0.3833
Manganese 0.3724 0.5665 0.7258
Iron —0.6782 —0.7855 0.1183
Zinc —0.2435 —-0.1773 0.9731
Chromium 0.1130 0.3544 0.9209

Significance of the axes by the Monte Carlo permutation test is given by F = 6.21
(P < 0.05) All canonical axes were significant. Values in bold indicate a significant
difference at P < 0.05.

accumulation ratio between parasites and fish muscle higher
than other metals. While Cu (BAF = 4.60) showed highest
BAF between parasites and Tilapia zillii, Mn (BAF = 2.80)
showed highest accumulation factor between parasites and

TABLE 4 | Heavy metal concentration (mg kg~') in fish muscle and parasite of
Clarias gariepinus, Tilapia zillii, and Raimas nigeriensis.

Heavy metals Fish muscle Parasites
Clarias gariepinus

Pb 0.071 + 0.053 0.164 + 0.015
Cu 0.085 + 0.025 0.093 + 0.033
Mn 0.149 + 0.031 0.417 £0.142
Zn 1.395 + 0.231 1.612 £+ 0.281
Fe 1.446 + 0.181 2.330 + 0.383
Cr 0.259 + 0.033 0.437 + 0.090
Tilapia zillii

Pb 0.105 £ 0.059 0.188 + 0.067
Cu 0.121 + 0.040 0.558 + 0.069
Mn 0.278 + 0.044 0.682 +£0.213
Zn 1.086 + 0.330 1.394 £+ 0.288
Fe 1.830 + 0.291 3.970 £ 0.513
Cr 0.261 + 0.055 0.450 + 0.077
Raimas nigeriensis

Pb 0+0 0.100 + 0.068
Cu 0.070 + 0.130 0.168 + 0.030
Mn 0.211 +£0.023 0.319 £ 0.073
Zn 0.550 + 0.549 2.075 + 0.131
Fe 1.482 £ 0.114 2.1562 £ 0.171
Cr 0.316 £ 0.039 0.457 + 0.057

Values are expressed in Mean + Standard error of mean.
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TABLE 5 | BAF for the analyzed metals in parasites and fish tissues of Clarias gariepinus, Tilapia Zilli, and Raimas nigeriensis.

Pb Cu Mn Zn Fe Cr
Clarias gariepinus 2.31 £ 0.034 1.09 + 0.029 2.80 + 0.087 1.16 +£ 0.256 1.61 + 0.062 1.69 + 0.062
Tilapia zillii 1.79 £ 0.063 4.60 + 0.055 2.45 +0.129 1.28 £ 0.309 2.17 £ 0.402 1.72 £ 0.066
Raimas nigeriensis 2.00 4+ 0.034 2.40 + 0.080 1.51 4+ 0.048 3.77 + 0.340 1.45 +£0.143 1.45 £ 0.048

Values are expressed in Mean + Standard error of mean.

Clarias gariepinus; and Zn (BAF = 3.77) showed BAF factor
between parasites and Raimas nigeriensis.

DISCUSSION

Heavy metals are important and acute markers of both fish
well-being and the aquatic ecosystem at large (Padrilah et al.,
2018). Assuredly, heavy metals being natural components of
the aquatic ecosystem are important cofactor for most enzymes
that are useful in fish metabolism (Jan et al., 2015). Human-
mediated processes such as industrial, mining, and agricultural
processes have eventually magnified their concentrations beyond
recommended safe limits; with adverse consequences on human
health given that the fish consumed by man have the capacity to
bioaccumulate these heavy metals (Mehana et al., 2020). In our
present study, the heavy metals concentrations revealed obvious
pollution of Chanchaga River along the sampled stations —
especially at Station 1 with the highest heavy metal values. The
increased concentrations of heavy metals in Station 1 with the
lowest number of fishes sampled among stations may not be
unconnected with the heightened human disturbances in this
station occasioned by the presence of artisanal miners, welding
works, agricultural activities, among others from locals at this
station. Apart from Cr, Cu, and Zn the values of all other
heavy metals measured in this present study (Pb, Mn, and
Fe) were well above the recommended safe limits of USEPA
(2010) for environmental health and this could be attributed to
a wide range of anthropogenic activities within the river, being
a municipal stream. The consequences of this polluted status
of the river is the impaired use of the water and its resources
by both man and other aquatic biota - especially fish loss and
eventual human-health implications. This could therefore be
important in aquatic biomonitoring exercise as pollution effect
indicators. Similarly, concentrations of As, Mn, Zn, Cu, Cr, Pb,
Cd, and Fe above recommended safe limits have been reported
recently in Chad Bath region, Jeddah coast, and elsewhere as
ideal effect indicators of fish ecosystem degradation attributed
to shipping industry, agricultural discharges, mining and other
anthropogenic activities (Oumar et al., 2018; Rajeshkumar and
Li, 2018; Mehana et al., 2020). Furthermore, the study of Kim
et al. (2018) had reported higher concentrations of heavy metals
in fish-based meals than its poultry-based counterpart.

The CCA ordination also showed that the fish parasites were
significantly related with the heavy metals of Chanchaga River
along the different degrees of pollution. Most of the measured
heavy metals (Cu, Mn, Zn and Cr) were highest at Station 1.
The combination of these variables might be used to identify
and describe the multiple-scale stressor. The correlation of

many individual heavy metals with the axes were relatively high
for CCA but were not statistically significant. Perhaps, these
estimated significances may be the results of the unmeasured
heavy metals. Station 1 had very close relationship with
majority of the fish parasites. The dominance of most parasites
(Capillaria sp, Acantocephalo, Dactylogyrus sp., Camallanus sp.,
Eustrongylides sp., and Cucullanus sp.) at Stations 1 is indicative
of the highest deteriorating biotic and overall ecological health of
the river by heavy metals pollution at this station — and could
be important in biomonitoring exercise. Zinc has the closest
relationship with most of the fish parasites, and therefore, could
be used as indicator of fish parasitic infestation. In specifics, the
close linkage between Eustrongylides sp. and zinc could mean that
Eustrongylides sp. was an ideal surrogate for zinc pollution, and
could serve as early warning signal for possible zinc pollution
of aquatic ecosystem. These helminthic parasites (Eustrongylides
sp., Capillaria sp, Acantocephalo, Dactylogyrus sp., Camallanus
sp., and Cucullanus sp.) have been employed as ideal effects
indicators of heavy metal insults (Vidal-Martinez et al., 2014;
Sures et al., 2017; Vidal-Martinez and Wunderlich, 2017; Hassan
et al, 2018; Mehana et al, 2020). In like manner, Ashmawy
etal., 2018 demonstrated that the elevated values of heavy metals
were related to some helminthic parasites, such as Monogena,
Nematodes, and Acanthocephala.

Fish parasites of the helminth group support the survival
of their host amidst heavy metals pollution by accumulating
higher concentrations of these heavy metals, and by that means
act as metal sinks (Marcogliese et al., 2006; Eissa et al., 2012).
Among the helminth group, the intestinal parasites access added
metals in comparison to parasites that inhabit other body areas
of the fish (Nachev et al,, 2013). In the present study, the BAF
for all heavy metals confirmed the high accumulation capacity
of parasites given that heavy metal concentrations were higher
in parasites of all fish species sampled in comparison to the
fish muscles. Furthermore, the fact that Pb values were below
detection limit in the muscle of Raimas nigeriensis but was
found in the parasites inhabiting its intestine gives even more
credence to the ability of these parasites to accumulate heavy
metals from the fish body and serve as their heavy metal sink.
This result also revealed the possibility of parasites accumulating
a significant value of heavy metals from their fish hosts, enabling
the fish hosts deal with elevated values of pollutants. Heavy
metals ingested by the fish (through intestines or their gills)
are transported through the blood to the fish liver, where
majority of the metals are extracted to manufacture organo-
metallic complexes which are conveyed with bile to either the
intestine, to continue the liver-intestinal cycles, or taken out of
the fish body by egestion (Sures, 2001 and 2003; Al-Hasawi, 2019;
Mehana et al., 2020). Intestinal parasites do not have the capacity
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to manufacture their own cholesterols and fatty acids and, due
to lipophilicity, they meddle in the cycle by easily ingesting the
organo-metallic-bile complexes from their host, and this results
to a reduction in the capacity of the fish host to accumulate metals
(Al-Hasawi, 2019; Mehana et al., 2020). This could possibly
suffice to define the higher concentrations of heavy metals in
parasites in comparisons to the fish muscles in our study; and
could also explain the reason Pb was not recorded from the
muscle of Raimas nigeriensis but was found in the parasites.
Our results are implicitly consistent with reports from some
previous studies that helminth parasites (nematodes, cestodes,
Acanthocephala) are ideal bioindicators of heavy metal insults
in the aquatic ecosystem (Khaleghzadeh-Ahangar et al., 2011;
Eissa et al., 2012; Mazhar et al., 2014; Tellez and Merchant, 2015;
Sures et al., 2017; Vidal-Martinez and Wunderlich, 2017; Hassan
etal., 2018). In the quest to achieve fast growth and development,
the larva of nematodes absorbs biologically essential metals
(Nachev et al,, 2013; Hassan et al., 2016). The absence of digestive
tract in cestodes necessitates their ability to accumulate more
heavy metals relative to their hosts; and utilize the bile salts in
reproduction (Hassan et al., 2018). Similarly, Acanthocephalans
and nematodes have wide range of capacity to extract bile than the
intestine of their host fish (Sures et al., 2017; Al-Hasawi, 2019).
Bamidele and Kuton (2016) reported that intestinal nematodes
accumulated more metals (Cu, Cr, Ni, Pb and Fe) than their fish
host muscle (Clarias gariepinus and Parachanna obscura) in Lekki
lagoon. Hassan et al. (2018) also reported that Cestoda parasites
contained much more heavy metals than their fish host tissues.
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