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Abstract

This study was performed on the water, bottom sediment and fish from four communities along the Asuoyeboah River,
Kumasi, Ghana to explore the concentration and health risks of heavy metals. The impact of heavy metals on the ecology
and aquatic toxicity was assessed with bioaccumulation factors and ecological risk indices. The sources and extent of pollu-
tion were explored with principal component analysis by applying multivariate statistics in identifying the principal sources
of pollution. The levels of metals in the water samples follow a decreasing order of Pb> Fe >Zn > Cd > Cr. The water from
the Asuoyeboah River may be poisoned by accumulated amounts of Cd, Fe and Pb due to the mean concentration of Fe
(0.8 mg/L), Cd (0.129 mg/L) and Pb (1.759 mg/L) being greater than the World Health Organization allowed values of 0.3,
0.03 and 0.01 mg/L, respectively. Estimates of the non-carcinogenic risk assessment showed that the water and fish sam-
ples pose little or no adverse health concerns to the population. However, Cr and Pb recorded carcinogenic risk of > 107
indicating a possibility of cancer risk. The water quality index assessment from this study also showed that the water in the
Asuoyeboah river was of very poor quality. Researchers that may need more precise results while taking into account different
water quality parameters might use the water quality index and multivariate statistics. The results of this study might aid the
relevant authorities in formulating policies with strict regulations to safeguard water quality, ensure effective management
and reduce surface water pollution.
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1 Introduction types of water pollutants may be categorized as organic,

biological and inorganic. The most common inorganic water

Aquatic toxicology studies chemical substances like trace
metals, both from anthropogenic and natural sources and
their effects on living organisms [1-3]. Heavy metals (HMs)
pollution in rivers has become one of the major environ-
mental problems in Ghana [4-7]. There are many pollutants
present in river water but toxicity is only observed beyond
a certain limit (permissible limit). The type of pollutants in
water depends upon the nature of the agricultural, municipal
and industrial activities in the environment. The different
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pollutants are HMs, which can be highly toxic and carcino-
genic [8]. Rapid urbanisation around the Kumasi metropolis
could lead to a rise in the levels of HMs in rivers [9], and
the introduction of these metals into the aquatic ecosystems
is on the rise with industries being the chief source of pol-
lution [10].

Pollution is increasing in our environment yearly due to
industrialisation, increase in population and technological
advancement, in the last couple of years, the rate at which
organisms and humans in the environment get exposed to
these metals has dramatically risen due to increased indus-
trialization [9], a chunk of the industries discharges their
effluents into the open environment which may end up in
rivers, eventually contaminating the water bodies. In Ghana,
most of these water bodies serve as a drinking source for
some people and some farmers also use the water for irri-
gation. The gradual deterioration of rivers and reservoirs
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with heavy metals usually results from poor natural sources,
waste disposal, and improper fishing and farming practices
[11]. Rivers are very significant to society but because they
are naturally open, they can be easily polluted [12], rivers
also contribute significantly to the economies of societies
through irrigation for farmers and Fishing for fishermen.
Around the world, anthropogenic activities and urbaniza-
tion have already contributed to the pollution of rivers [13].

Water from rivers can be treated for domestic and indus-
trial use where potassium ferrate (K,FeO,) has proven to be
effective in the removal of heavy metals and natural organic
matter in river water. K,FeO, has a high metal removal
capacity at increased pH’s and has coagulative, disinfected
and oxidant properties that make it suitable for water treat-
ment [14]. Ferric sulphate and chloride are effective coagu-
lants and disinfectants in water treatment, they can remove
heavy metals, oxidize inorganic and organic contaminants,
disinfect microorganisms and eliminate suspended particu-
late matter [15], aluminium sulphate, an aluminium coagu-
lant has also proven to be effective in water treatment [16].
Surface water like that of the Asuoyeboah river is valuable to
the population along the river but could be polluted through
agricultural and industrial practices [17]. River bank filtra-
tion (RBF) is an effective method for treating river water,
RBF technology operates by pumping out water from drilled
and bore wells along the banks of a river, during this pro-
cess, there is infiltration of river water through the riverbed
sediments. As the surface water travels towards the RBF
well, dissolved and suspended contaminants, as well as
pathogens, are potentially removed or significantly reduced
in numbers, sorption, biological degradation and filtration
all occur during the RBF process [18].

The health of both humans and animals depends on the
water quality of an aquatic environment [19]. Heavy metals
pose risks to the aquatic environment by interacting with
water, fish and sediments [20-23]. Metals pose fewer risks
when adsorbed to sediments but the change in some environ-
mental factors like pH can enhance their exposure to living
organisms and affect the quality of water [19]. The envi-
ronment is the major receiver of all waste generated which
eventually ends up in water bodies. Heavy metals may come
from natural sources like wash-offs of weathered rocks [24],
through environmental activities like farming and sewage
disposal, these metals could end up in rivers and be uptaken
by sediment and fish through leaching and irrigation could
be passed on to crops. Several pollutants, such as pesticides,
fertilizers, and fumes from industrial machines and vehi-
cles that contain these pollutants can seriously affect human
health throughout the food chain [25].

Metals like Cd, Pb and Cr are toxic to humans and organ-
isms in the aquatic environment, these metals get into fishes
by adsorption through the tissues and eventually bio-concen-
trate to levels that can be toxic [26, 27]. Biologically, this has
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adverse effects on the survival, growth and reproduction of
aquatic organisms including fishes [28]. Zn, Fe, Mn and Cu
are essential to humans at moderate concentrations but can
however induce toxicity at higher concentrations [10]. Some
heavy metals are usually carcinogenic, non-biodegradable
and bio-accumulative [29]. Some of these heavy metals
have been linked to serious disorders such as clogging of
nasal mucous membranes and throat, oedema of the eyes,
and reproductive and hereditary failure, monitoring these
metals will therefore be critical for assessments of envi-
ronmental safety, human health and remediation strategies
[30]. One of the innovative remediation techniques for heavy
metals is bioremediation; this technology is promising and
innovative for the recovery and removal of heavy metals in
polluted water and lands using living organisms and plants
[31]. Microorganisms have acquired various strategies for
their survival in heavy metal-polluted habitats, these organ-
isms are known to adopt and develop several detoxification
mechanisms such as biomineralization, bioaccumulation,
biosorption and biotransformation [32].

Tilapia is the most common fish found in the Asuoye-
boah river. Metals may accumulate in fish and other pollut-
ants because of the very close interaction with the surface
that transports the chemicals when they suspend in water or
solution. Fishes respire by extracting oxygen and passing
large volumes of water through the gills; this may introduce
some heavy metals into the tissues of the fish [33]. Met-
als can precipitate as oxides/hydroxides, and the hydroxide
concentration is of greater importance for the mobility of
metals [34], the ions of the metals can also react with the
water constituents or accumulate at the bottom when the
metals get into water bodies and get attached to the sedi-
ments and fishes. Heavy metals have higher availability in
soil and aquatic systems but a relatively lower proportion in
the atmosphere as particulate or vapour [11]. Sediment is a
major deposit of several contaminants in the aquatic envi-
ronment including heavy metals [29]. The mobility of these
metals is greatly influenced by wind, gravity and water, these
factors, therefore, affect the distribution of heavy metals in
the aquatic environment [30, 35].

Food contaminated with heavy metals can reduce
important nutrients in the body and may be responsi-
ble for malnutrition, gastrointestinal cancer and even
reduce immunological action [36]. The ever-increasing
population along the Asuoyeboah river has necessitated
its proper management and conservation for sustain-
able development. The Asuoyeboah river was chosen for
this study because the surrounding communities greatly
depend on the Asuoyeboah river for industrial and domes-
tic purposes and there is yet no official and recognize sci-
entific study on the presence, levels and impact of heavy
metal contaminants from the Asuoyeboah river. Access-
ing the water quality of Asuoyeboah river will provide
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information about the status and sustainability of a res-
ervoir [37]. Accessing water quality provides information
about the status and sustainability of a reservoir [37].
Increased domestic, municipal, agricultural and industri-
alisation along the river could lead to a rise in pollution
levels in the water body [38]. The communities along the
Asuoyeboah river greatly depend on the river for farming,
as a source of fishing, washing of cars, alcohol produc-
tion, mechanical works and domestic use, it is therefore
necessary to access the quality of Asuoyeboah river as it
largely affects the health of the population in different
towns in the metropolis. This is the first scientific con-
tribution to access the levels and address the health risks
of heavy metals in the Asuoyeboah river. The study (1)
focused on levels of heavy metals in fish, surface sedi-
ment and water in the Kumasi metropolis; and (2) pro-
vides information on the levels of heavy metals and their
health impact on the ecology and the environment. This
information will help authorities in decision-making.

2 Materials and Method
2.1 Study Area

In Ghana, Asuoyeboah is a small community in the Atwima
Mpouna district of the Ashanti regional capital, Kumasi. The
Kumasi metropolis is located at longitude 1.30-1.37° and
latitudes 6.35-6.40° covering an area of about 299 km? with
a dry and wet tropical climate [39]. The study was carried
out on the Asuoyeboah river, as shown in Fig. 1.

The river flows through communities like Sepaase,
Maakro and Tanoso with several agricultural and industrial
activities like farming and alcohol production. The river
flows from Asuoyeboah through Tanoso, Abuakwa and ends
in Sepaase where it is fed with high levels of domestic waste,
wash-offs of mechanical shops and hair care saloons, these
could be potential pollutants to the Asuoyeboah river. Water
and sediment samples were collected at four sampling sites
along the river; Asuoyeboah, Tanoso, Abuakwa-Maakro and
Sepaase-Besease. The Global Positioning System (GPS)
location for each sampling site was recorded to be N 06° 41’
54.7" W 001° 40" 33.2", N 06° 42' 05.2" W 001° 41" 12.2",
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N 06°42' 03.8” W 001° 43' 04.0", N 06° 42’ 09.6” W 001°
45' 12.9" for Asuoyeboah, Tanoso, Abuakwa-Maakro and
Sepaase-Besease, respectively.

2.2 Sampling

From June to July 2020, five sampling sites were selected
along the Asuoyeboah river, because during the rainy sea-
son surface water quality can be highly influenced by pol-
lutants, such as leachate migrating into the open surface
water than during the dry season. Water samples were taken
from the Asuoyeboah river using properly washed buckets
(washed with detergents) at two-hour intervals for 8 h at
different points to form a single sample and pre-cleaned
bottles (washed with detergents, rinsed and soaked in 10%
nitric acid overnight) were used to collect the water sam-
ples. Before sampling at each site, sampling bottles were
rinsed with deionized water and 1 mL of nitric acid was
added to each bottle containing the water samples to dis-
solve metals that may be attached to the walls of the con-
tainer and keep the metal ions in solution. Sampling was
based on the USEPA guidelines for sampling surface water
[40]. To minimize the potential for volatilization or biodeg-
radation between sampling and analysis, the samples were
transported to the lab and stored at 4 °C before analysis.
Sediment samples were collected using a clean plastic spoon
to scoop samples into zip-lock bags. Samples were picked
from 6 different points to form a single (composite) sample
at each sampling site to have good coverage of the average
conditions of the site for the sediment and water samples, 4
samples each of sediment and water were picked for analy-
sis. Fish samples were bought from the local fishermen and
collected into a clean polyethylene bag. All 16 fish from
the surface water were transported to the Kwame Nkrumah
University of Science and Technology (KNUST) Fish and
Nutrition Laboratory of Fisheries and Watershed Manage-
ment for classification and identification. The fish were all
identified as one species (Hemichromis fasciatus) belonging
to the family Cichlidae.

2.3 Sample Preparation

Fish samples were homogenised using a clean sharp knife
with the scales, flesh and bones removed for analysis. Sedi-
ments and fish samples were sun-dried and in an oven. The
sediment samples were crushed into smaller particles with a
pestle and mortar sieved using a mesh of 0.5 mm and trans-
ferred into a clean polyethylene zip-lock bag and sealed
before digestion for heavy metals analysis. About 1 g each
of crushed sediment and homogenized fish was weighed into
a cleaned and dried digestion tube, and 1 mL of deionized
water was added and swirled to mix 4 mL of nitric-perchlo-
ric acid (1:1) mixture. About 5 mL of sulphuric acid was
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added to the mixture and swirled to mix. The mixture was
then heated on a hot plate to 200 °C for about 30 min. The
digested sample was made up to the volume (50 mL) using
deionised water after cooling [28]. It was then transferred
into 50 mL pre-cleaned falcon tubes in readiness for metals
analysis, 50 mL of the water sample was put in a conical
flask and heated at 120 for 30 min with 20 mL nitric acid,
filtered with a Whatman number 4 filter paper and topped
up to 50 ml with deionized water. A Perkin Elmer flame
Atomic Absorption Spectrophotometer (AAS) model AA
220 was employed for the metal analysis. The various met-
als were analysed at selected wavelengths with the standard
solutions of all the metals and the absorbance was read as
the concentration. The concentrations of some heavy metals
in the water, fish and sediment mg/kg samples were meas-
ured in mg/L, mg/kg and mg/kg, respectively. The analysis
was replicated and averaged; blanks and standard references
were used to ensure the quality of the analysis.

2.4 Quality Control and Assurance

Strict measures were put in place to ensure the quality of
the study results. Analytical grade chemicals and deionized
water were used for sample digestion. Glassware was washed
thoroughly and cleaned using deionized water. Blank solu-
tions for the water, sediment and fish samples were prepared
and analysed. Standard solutions of the respective elements
were used to prepare calibration curves to set the right
instrument conditions for analysis, the detection limits were
then acquired based on the slope and standard deviation of
these curves.

2.5 Health Risk Assessment Methodologies

Assessment of risk is a method used to gather important
information on health and other risk factors. This helps
to understand the status of the population’s health and its
evolvement, as well as ways to address the risks [41]. Evalu-
ations were done for adults of 70 kg body weight and chil-
dren of 15 kg body weight because this represents a large
fraction of Ghana's population. The common exposure
routes for water are oral and dermal absorption [42]. The
following risk methodology was referred from [40]:

EDL  — Cuaer X IRX EF X ED n
ing = AT x BW

EDI _ Cyuer XSAXCFXEF XET X ED X KP ’
erm BW x AT @

where EDI;, is the estimated daily intake through inges-
tion, EDI,, ., is the estimated daily intake through dermal
absorption in mg/kg per day (mg/kg/day), C, ., 18 the
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concentration of the metal in water (mg/L), IR is the inges-
tion rate (1.8 and 2.2 L/day for children and adults, respec-
tively), EF is the exposure frequency (365 days/year), ED
is the exposure duration (6 and 70 years for children and
adults, respectively), AT is the averaging time (365 days/
year X 6 and 70 years for children and adults, respectively),
BW is the body weight (15 and 70 kg for children and adults,
respectively), SA is the exposed skin area (6600 and 18,000
cm? for children and adults, respectively), CF is the unit
conversion factor (0.001 L/cm?), ET is the exposure time (1
and 0.58 h/day for children and adults, respectively); and, Kp
is the dermal permeability coefficient in water, (cm/h), 0.004
for Pb, 0.002 for Cr, 0.0006 for Zn and 0.001 for Cd and Fe.

The hazard quotient (HQ) is an estimate of how toxic each
metal is through various exposure routes:

EDI,

ing/derm

s 3
RfDing /derm ( )

HQing/derm =

Rfd is the reference dose, Rfd for ingestion (RfD;,,,) and der-
mal absorption (RfDy, ). Hazard index (HI), a summation
of the various hazard quotients to quantify the overall risk,

was calculated as follows [42]:

HI = Z HQing/derm (4)

HI>1 is considered for potential health risk. Cancer risk
(CR) was also calculated by using:

EDI

SF is the slope factor for cancer. The SF for Cd=6.1x 10°,
Pb=8.5 and Cr=>5x 10 all in in ug/g per day (ug/g/d~")
were referred from [41] and [43, 44]. The only available
values of the SF are those of Cd, Pb and Cr. When the CR
value is> 107°, there is potential carcinogenicity [45].

2.6 Water Quality Index (WQI)

WQI measures water conditions relative to its purpose for
humans using sets of reference standards to ensure compli-
ance. WQI is assessed on the safety of water for drinking,
human contact and the ecosystem [46]. In calculating the
WQI, each factor was assigned a maximum weight of 5 [47].
The weighted arithmetic method was used to check the quality
of the river, as shown in Table 1.
The following relations were used:

> w; ©)

Table 1 Selected water quality parameters of the Asuoyeboah river

Parameter WHO standard Weight (w;) Unit weight (W)
[45]

Fe 0.3 5 0.25

Cd 0.005 2 0.1

Pb 0.01 5 0.25

Cr 0.05 4 0.2

Zn 3 4 0.2

>w,; =20 YW, =1
n
WQI = ZWix%XIOO 7)
i=0 5

n=number of parameters used, S;=World Health Organi-
zation (WHO) standard for drinking water and C;=amount
of metal in the study area, w;=weight of a parameter and
W, =unit weight of a parameter [48]. In general, the water
quality index is divided into five (5) categories: excellent
water (50), good water (50-100), poor water (100-200),
very poor water (200-300), and water unfit for consump-
tion (>300) [46].

2.7 Environmental Assessment of Sediment

Enrichment factor (EF), geoaccumulation index (Igeo) and
ecological risk (E,) and indices of ecological risk (R;) were
applied to evaluate metals in the surface sediment of the
Asuoyeboah river. The following equations are used:

— M
g_mx(3> ®)

o

R =)E, ©)

R; is the summation of the ecological risk factors, E,
is the ecological risk factor, TR is the factor for toxic-
response (Cd=30, Pb=5, Cr=2 and Zn=1). M is the
amount of metal contained in the sediments and B is
the levels from background study [49]. The E, and R; are
categories into E, <40 =Ilow risk, 40 < E, < 80 =medium
risk, 80 < E, < 160 =Tolerable risk, 160 < E, <320 =high
risk, E.>320=very high risk, R;<150=1ow risk,
150 < R; <300 =medium risk and 300 < R; <600 =very high
risk [49].

2.7.1 Geoaccumulation Index

I, 1s referred to in measuring the degree of metal con-
tamination in the environment and gives information about

anthropogenic contribution [50]. The /., distinguishes 6

geo

@ Springer
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classes of quality for sediments; /,., <0=not contami-
nated, 1 </,,,<1=not contaminated to medium contami-
< 3 =medium to strong contamination and

nation, 2 </,
Iy, > 5 =extreme contamination [50].

I =log, (M ), (10)
8 1.5x B,

M =amount of metal in the sediment, B =level of metal
from background study. Background values of 0.005 for Zn,
12.69 for Cd, 1.29 for Cr, 4.67 for Pb and 9.27 for Fe in mg/
Kg were used [51].

2.7.2 Enrichment Factor (EF)

The EF provides information on the amounts of con-
taminants from anthropogenic sources. It checks the
quantity of waste input by human activities into the
environment and the level of contamination from natu-
ral sources [52]. This is calculated by normalizing the
concentration of an element in the sediment to a refer-
ence heavy metal. An element with an unaltered anthro-
pogenic concentration [53], for surface sediment, Fe is
widely used by most researchers because of its availability
and how other metals are distributed [54]. The enrich-
ment categories include; ER <2 = very little enrichment.
EF =2—5 =medium enrichment, EF = 5—20 =severely
enriched and EF > 40 = extremely enriched [55].

Metal

EF=< RE )Sml (ng”)backgmund 11

RE is the reference element.

2.8 Bioconcentration (BCF) and Biosediment
Accumulation Factor (BSAF) of Heavy Metals
in Fish

In aquatic toxicology, BCF is used to determine the con-
centration of a chemical substance or contaminant in an
organism relative to its surrounding environment, BCF of
heavy metals is the ratio of metals in water to the ratio of
metals in a living organism. BCF and BSAF will be cal-
culated for fish in the Asuoyeboah river.
BFC is in L/Kg, it is calculated by the equation:
pre =" (12)
Cw

where C; is the concentration of metals in the fish and C,, is
the concentration of metal in the water [56].
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2.8.1 Biosediment Accumulation Factor

BSAF determines the excretion and absorption rate of a sub-
stance by an organism by accessing the levels of a substance
in sediments to the levels in an organism. BSAF is deter-
mined by the following relation;
C
BSAF = g 13)
Cs
where Cs=the concentration of the metal in the sediments
[56].

2.9 Statistical Analysis

The analysis was done with SPSS 20.0 software from IBM
(Statistical Package for the Social Sciences) and Microsoft
excel. A correlation method was employed to check the link
and the similarity in the origin of the selected heavy metal.
Multivariate methods have been used in identifying the prin-
cipal sources of pollution. In the principal component analy-
sis (PCA), Kaiser Normalization with varimax was applied.
Box and whisker plots were also introduced to summarise
the levels of the elements in the samples and show the dis-
tribution of these elements across the sampling sites [57].

3 Results and Discussion

The concentrations of five (5) heavy metals in water, fish
and sediment samples along the Asuoyeboah river have
been illustrated. Figure 2 is a box and whisker plot and a
summary of the concentrations of some heavy metals in the
water (mg/L), fish (mg/kg) and sediment (mg/kg) samples.

Levels for Cd, Zn, Cr, Pb and Fe in the water samples
were recorded as 0.173 +0.043 mg/L, 0.043 +0.011 mg/L,
0.129 £ 0.022 mg/L, 0.800+0.987 mg/L and
1.759 +0.470 mg/L, respectively represented in Fig. 2a. The
0.043 mg/L of Zn recorded in this current study is far lower
than the 0.19 mg/L reported in the Sisa River [48]. Pb was
predominantly high in the four sampling sites for the fish and
water samples with an average concentration of 1.759 mg/L,
which is above the world health organisation (WHO) per-
missible limit of 0.01 mg/L [58] for drinking water and far
exceeds the 0.02—0.06 mg/L reported by Akoto et al. [59] in
the Barekese Reservoir. Many other studies in Ghana have
reported lower levels of lead, like the 0.75 mg/kg reported
in river Birim by Osafo [60] and the 0.03 mg/kg reported by
Akoto et al. [61] in the Owabi reservoir. This present study
has therefore revealed higher levels of lead in the Asuoye-
boah river than in other rivers in the metropolis. These levels
of Pb in Asuoyeboah, Tanoso and Abuakwa-Maakro may
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Fig.2 Box and Whisker plot of a water, b sediment and ¢ fish samples from the Asuoyeboah river

come from the discharge of mechanical waste like batteries
and cables sited along the river [62], which agrees with Dan-
ziger et al. [63]. Lead can accumulate as a result of human-
generated waste and various products in our homes like bat-
teries, pipes and ceramic, public health and environmental
regulations require that sewage from communities must be
treated to acceptable standards before it is released into the
water bodies [64], this will help to minimize the levels of
contaminants in the Asuoyeboah river. High amounts of
Pb in the human body affect the brain and nervous system.
Some other researchers recorded Pb levels as 0.026 mg/L
in groundwater [65] and greater than 0.05 mg/L in surface
water [66], which is less than the 0.987 mg/L recorded in
this study. Fe recorded very high values in the sediments
with a mean concentration of 14.46 +2.499 mg/kg as shown
in Fig. 2b; Cr recorded the lowest value in the water and fish

samples, while Cd recorded the lowest value for the bottom
sediment. The levels of metals in the water samples follow
a decreasing order of Pb>Fe>Zn> Cd> Cr. The mean
concentration of Fe (0.8), Cd (0.129) and Pb (1.759) were
higher than the WHO permissible of 0.3, 0.03 and 0.01 mg/L
[58], respectively, in drinking water. Dadzie [67] showed
that levels of Cd in river Densu were not detectable. Results
from this study showed that the water from Asuoyeboah
river could experience poisoning from accumulated levels of
cadmium. High levels of Cd may come from domestic waste
containing paint and anthropogenic waste. This agrees with
Frickel, Elliott [68] and Mann et al. [69]. Cadmium in high
concentration causes diarrhoea, nausea and even vomiting
[70]. The information from the study indicates metals were
present in all the fish collected from the Asuoyeboah river.
Other studies have shown that heavy metals bioaccumulate
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in fishes [71]. According to the European Union (EU), the
acceptable amounts of Cd and Pb in fish are 0.3 mg/kg and
0.05—0.3 mg/kg, respectively [72], comparing this to the
recorded levels in fish, Pb far exceeds the acceptable levels
and cadmium was within the acceptable range, as shown
in Fig. 2c. Cd and Pb are non-vital elements in meals and
may be harmful even at lower concentrations over time [73].
The impact of heavy metals on the population along these
communities can be addressed by proper regulation from
the municipal health directorate on the disposal of solid
and liquid waste, proper farming practices and education on
the consequences of improper waste management in these
communities.

3.1 Correlation Analysis

The correlation between heavy metals was analysed by Pear-
son correlation matrix, as shown in Table 2. The connection
between several variables can be evaluated by correlation
analysis [74]. Correlation was significant at less than 0.05
levels. For the fish samples, Zn and Pb recorded a strong
positive correlation of 0.816, 0.788 for Zn and Fe and 0.541
for Cd and Cr. Cd and Pb were strongly correlated in the
water samples, and then Zn and Cr, Fe and Cr for the sedi-
ment were also positively correlated as shown in Table 2.
The strong correlation between the metals in the fish, sedi-
ment and water samples showed they are probably released
from a common origin [39], a similar source and may have

Table2 Correlation coefficients among heavy metals in fish, sedi-
ment and water

Zn Pb Cd Cr Fe

Fish

Zn 1

Pb 0.816 1

Cd —0.983 -0.352 1

Cr - 0.589 -0.169 0.541 1

Fe 0.788 0.165 - 0.740 - 0.961 1
Water

Zn 1

Pb —-0.718 1

Cd 0.794 —0.960 1

Cr —-0.211 —-0.375 0.403 1

Fe 0.934 —0.456 0.612 —-0.317 1
Sediment

Zn 1

Pb 0.911 1

Cd —0.682 —0.458 1

Cr 0.981 0.388 0.774 1

Fe 0.646 0.535 —0.268 0.776 1

Correlation was significant at 0.05 levels
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a similar behaviour during the transport process [75]. The
rest of the variables had negative correlations; this indicates
an inverse variation between the chemical components in
the fish, water and sediment. When there is no correlation
between variables, it’s an indication that the variables were
not bound by a common or single factor [76]. Sanitation
and environmental protection authorities must therefore
take steps to ensure proper disposal of domestic and indus-
trial waste and regulate the activities of mechanics in these
communities.

3.2 Principal Component Analysis

The sources and extent of metal pollution were explored
with PCA [39]. Factor matrix was used to define elements
grouped to a given component and factors with strong cor-
relation were categorized as components after rotation with
varimax. Table 3 shows factor loading of PCA after rotation
with varimax using the concentrations of the elements in the
fish, sediment and water samples in the four sampling sites.

The first principal component, PC1 showed loadings that
were high for Zn (0.943), Cd (0.951) and Fe (0.812) in the
water samples with a variance of 61.1% in Table 3, indicat-
ing they may be from a common source like the factory
wastes from the alcohol produced along the Asuoyeboah
river. Cr (0.958) was the only highly loaded metal in the
second principal component (PC2) in the water samples,
with a variance of 30.2%. The PC1 for Zn, Cr, Pb and Fe
were highly loaded in the sediment, contributing 52.1% of
the total variation as shown in Table 3. This signals a sim-
ilarity in their pollution sources in the Asuoyeboah river
[59]. PC2 in the sediment contributed 31.7% and was domi-
nated by Cd and Cr with high loadings. Sewage, paint, pig-
ments, waste generated by residents and weathering of rock
materials could account for the levels of Cr in PC2 [77].
Anthropogenic activities such as farming could be the pri-
mary source of Cd contamination in Asuoyeboah river [78],

Table 3 Principal component analysis (PCA) of water, sediment and
fish samples

Water Water Sediment Sediment Fish
PC1 PC2 PC1 PC2 PC1
Zn *0.943 —0.333 *0.657 —-0.627  *0.920
Pb —0.888 —0.362 *0.755 0.242 0.330
Cd *0.951  0.309 —-0.554  *0.749 *0.911
Cr 0.116 *0.958  *0.664 *0.739 —0.839
Fe *0.812 —0.508 *0.927 0.166 —0.947
Eigen value 3.325 1.513 2.609 1.587 3.387
% of Variance 65.106 30.251  52.188 31.743 67.737
Cumulative % 63.106  95.357  52.188 83.931 67.737

*Indicates high loadings
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Table 4 Non-carcinogenic

health risk assessment Metal  Water Fish
HQing HQing HQder HQder HQing HQing HQder HQder
Child Adult Child Adult Child Adult Child Adult
Zn 0.067 0.017 7.32E-7 248E-7 0.192 0.050 0.058 0.015
Pb 144E-4 3778E-5 7.06E-8 2.39E-4 258E-6 4.19E-5 7.74E-3 2.02E-3
Cd 295E-7 7.74E-8 2.16E-9 7.3E-11 0.080 0.021 0.056 0.006
Cr 1.65E-6  4.34E-7 49E-11 1.7E-11 2.84E-7 6.76E-7 0.014 3.72E-3
Fe 0.130 0.034 237E-3 8.07E-3 1.60E—4 745E-8 0.224 0.059
HI 0.197 0.051 0.002 0.008 0.272 0.071 0.352 0.085
Table 5 Carcinogenic risk Adults Children Table 6 Water quality index of Asuoyeboah river
assessment
Water Sampling sites WQI Category
Pb 0.010 0.007 Asuoyeboah 75.12 Poor
Cr 0.001 0.040 Tanoso 92.01 Very poor
Fish Abuakwa-Maakro 71.33 Poor
Pb 0.024 0.026 Sepaase-Besease 69.87 Poor
Cr 0.020 0.004

smelting of metals and plastics contributes a lot of cadmium
to the environment [25] and therefore the waste from these
activities must be channelled into the Asuoyeboah river. Zn
and Cd also dominated the PC1 of the metals in the fish and
contributed to 67.7% of the total variation. Cr, Fe, Zn, and
Cd in the Asuoyeboah river may result from deposits from
the atmosphere, industrial waste, and sewage. Cadmium
recorded in the Asuoyeboah river results from waste from
domestic sources containing paint [79], proper disposal of
these wastes could curb this menace.

3.3 Health Risk Assessment

Table 4 shows the assessed risk (non-carcinogenic) of the
water and fish samples of the Asuoyeboah river. The HQ and
HI did not exceed the safety limit (unity).

This indicates that the water and fish of the Asuoyeboah
river pose little or no health concerns. The CR was only
calculated for Cd, Cr and Pb as represented in Table 5, Fe
and Zn gave no values of cancer slope by the Integrated Risk
Information System [80]. A CR value of > 107 is consid-
ered to have potential carcinogenic risks [40]. The results
showed Cd has no potential cancer risk. However, Cr and Pb
recorded values greater than 1 in a million, both for adults
and children through ingestion (Table 5). This indicates that
the water and consumption of fish are likely to pose signifi-
cant cancer risks to the population along the Asuoyeboah
river.

Table 6 shows the calculated indices of water quality. The
results in Table 6 ranged from 69.87 to 92.01% showing the

Table 7 Ecological risk index, indices of geoaccumulation and factor
of enrichment of selected metals in the sediment

Zn Cr Pb Cd R,
El'
Asuoyeboah 129.6 0.537 1.573 0.274 131.98
Tanoso 74.2 1.096 1.799 0307 77.40
Abuakwa-Maakro  143.8 1.133 1.965 0.231 147.13
Sepaase-Besease 133.2 1.486 1.776 0.300 136.76
Igeo
Asuoyeboah 643 —2479 -225 =735 -0.16
Tanoso 5.628 —4.77 -206 -7.19 -0.17
Abuakwa-Maakro 6.58 —1.40 -193 -17.60 0.21
Sepaase-Besease 6.47 —1.01 —-2.08 -1723 0.30
EF
Asuoyeboah 3.004 0.201 0312 0.009 1.024
Tanoso 1.005 0.410 0.270 0.007 1.00
Abuakwa-Maakro 8.96  0.323 0.226 0.004 1.00
Sepaase-Besease 7.320 7.320 0.190 0.005 1.00

water was poor in quality. Farming activities that generate
and feed waste into the Asuoyeboah river may have contrib-
uted to the poor state of the water [81]. Also, the rate of flow
of the water may have played a role in its poor quality as this
river continues to flow through different communities [82].

3.4 Ecological Risk

Table 7 shows the calculated E, and R;. From the results, Cr,
Pb and Cd had very low ecological risks, But Zn had very
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Table 8 Bioconcentration and biosediment accumulation factors of
heavy metals in fishes

Fe Cd Zn Cr Pb
BCF 0.31 1.32 18.37 0.23 2.81
BSAF 0.04 7.6 19.5 0.6 9

high E, and R;, showing considerable risks and low overall
risks (R;).

This study suggests that Cr, Cd, Pb and Fe pose minimal
ecological risks in the Asuoyeboah river. The levels of Zn,
however, indicate a considerable potential ecological risk.
Some fish can accumulate Zn in their bodies and they can
biomagnify up the food chain. High amounts of Zn in the
soil can negatively affect the activities of microorganisms
and plants, have the potential to seriously slow down the
breakdown of organic matter, and increase the acidity of
water [83].

The calculated /., indices of HMs are in Table 7. The
results showed the sediment was not contaminated with Cr,
Cd, Pb and Fe. Zn, however, recorded very high Igeo indices
in the four sampling sites showing that the sediments are
extremely contaminated with Zn. The Zn amounts in this
study were far less than the 81.93 mg/kg recorded in a study
conducted in Indonesia [75].

The calculated values of EF for metals in the sediment
are given in Table 7 on comparing to the enrichment cat-
egories shows that Cr, Fe, Pb and Cd in the four sampling
sites were less enriched. This suggests there is less anthropo-
genic contribution to the concentrations of these trace metals
and maybe from natural processes [75]. However, Zn was
moderately enriched in Asuoyeboah and severely enriched
in Abuakwa-Maakro and Sepaase-Besease. This suggests
that other sources may have introduced high amounts of Zn,
which agree with the report by Sutherland et al. [84]. When
the EF is between 0.5 and 1.5, the amount of the heavy metal
in the sediment may occur by nature, as is the case of Fe
in this current study, Land run-off, biota and sewage are
responsible for the enrichment when the EF is greater than
1.5 [85].

3.5 Bioconcentration and Biosediment
Accumulation Factors of Heavy Metals in Fishes

BCAF and BCA were calculated to assess the transfer of
heavy metals from sediment and water to fish. A BCF/
BSAF > 1 is an indication that metals can accumulate in
immoderate amounts in the fish and induce some level of
toxicity to consumers [56]. From Table 8, Fe and Cr had a
BCA value of less than one. This indicates almost little or no
bioaccumulation of these heavy metals from the river water
on the fishes, Cd, Pb and Zn however exceeded 1 indicating
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a high absorption of metals into the fishes from the water
and a potential accumulative metal toxicity especially Zn as
a result of high bioaccumulation from the Asuoyeboah river.

Very strong bioaccumulation factors were recorded for
Cd, Zn and Pb from the sediment; most of the heavy metals
(Cd, Zn and Pb) were therefore transferred to the fishes from
the sediment and the sediment contributed significantly to
the levels of these metals in the fishes of the Asuoyeboah
river [56].

4 Conclusion

Heavy metal concentrations (Pb, Fe, Zn, Cd and Cr) were
examined in fish, surface water and surface sediments col-
lected from four sampling points along the Asuoyeboah
river, Kumasi. This work aimed to assess the health risk
assessment and heavy metal pollution status based on the
multi indicators evaluation methods. Furthermore, multi-
variate statistics were used to infer the possible correlations
between these studied heavy metals. This study revealed
considerable metal contamination in the Asuoyeboah river.
The results showed sediment recorded very high concentra-
tions of Fe. The concentration of elements in the surface
sediment of the Asuoyeboah river was higher than the lev-
els recorded in the water and fish samples. The health risk
assessment indicated no risk to consume fish and water in
the study area because the estimated daily intakes of these
five HMs were all much lower than their respective recom-
mend values. The target hazard quotient values indicated
no non-carcinogenic risk to those consuming fish and water
in the study area. The average annual cancer risk suggested
carcinogenic risk for Pb and Cr. Zinc recorded very high
geoaccumulation indices in the four sampling sites show-
ing that the sediments are extremely contaminated with Zn.
The water quality index from this study also revealed that
the water in the Asuoyeboah river was of very poor quality,
contact with this water can therefore pose adverse health
effects to the population. Based on multivariate data, anthro-
pogenic activity is often the primary source of HMs in the
Asuoyeboah River, therefore regulating the source discharge
and sewage interception will be recommended for proper
management measures. This study will serve as a guide for
the relevant authorities to implement proper regulations and
measures to help address the risk posed by heavy metals
from the Asuoyeboah river.
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