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Metals contamination in water is becoming a threat to human health. The studies
ecological and health risk assessment of trace metals was conducted in seven water
bodies in Akwa Ibom State, between May 2021 and April 2022 (twelve months),
to evaluate the levels of trace metals contaminant and suitability of the waters for
human consumption. Six trace metals were assessed in the water samples; using atomic
absorption spectrophotometer after digestion. Pollution indices such as heavy metal
pollution index, comprehensive pollution index, contamination index and health risk
assessment for non-carcinogenic were employed. The findings were compared with
Nigerian Standard for Drinking Water Quality. The mean concentration of some metals
(Pb, Cd, Cr, and Cu) in some stations were exceeded the standard limits, while Fe and

Humans. Ni exceeded the acceptable limits in all the stations, due to anthropogenic activities.
Eeahh risk The values for HPI in stations I, II, IV and VII were exceeded the threshold of 100,
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ranging between 61.4 and 743.5; CPI ranged from 1.05 to 3.72, while Cd ranged from
0.94 to 16.3, indicated that the water bodies are highly contaminated. The CDI and HQ
values for Fe, Cd, Cr and Cu exceeded the oral toxicity reference dosage of contaminant
and stipulated threshold (1) for HI in some stations both in children and adult, indicated
that the water bodies are not suitable for human consumption. The findings call for
concern regarding their effects on human health, which could be detrimental to the
people drinking from these water.
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INTRODUCTION

Water has always been the most important component of the earth. It is essential in the
sustenance of life (Howladar et al., 2021). Streams are sources of water for the domestic and
other uses for rural community dwellers. Anthropogenic activities such as sand mining,
extraction of mineral resources, agricultural activities, and couple with increased in human
population, urbanization and industrialization usually imposed toxic pollutants into the water
body including trace metals, which may turn become a threat to the environment and aquatic
organisms (Wieczorek- Dabrowska et al., 2013; Nasrabadi et al., 2016; Hashem et al., 2017;
Slaveykova & Cheloni, 2018 & Okoro et al., 2020). Trace metals contamination in aquatic system
is one of the major quality issues in many fast growing cities, because maintenance of water
quality, sanitation did not increased along with population and urbanization growth (Karbassi
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et al., 2007; Akoto et al., 2008; Reza & Singh, 2010 & Ahmed et al., 2010). Studies reported that
the greater concentrations of trace metals in aquatic environment are linked with anthropogenic
activities and surface run-ofts (Singh, 2007; Obaroh et al., 2012; Nasrabadi et al., 2016 & Okon
et al., 2019). About 1.5 billion of people in the world are suffering from drinking of metals
contaminated water (WHO, 2017). Acute exposure to metallic pollutants have been reported
associated with various health challenges such Cardiovascular, Kidney, and Bone diseases
(Reilly, 1991; Sanchez-Castillo et al., 1998; Steenland & Boffetta, 2000). Human exposure to
lead toxicity is known to cause constipation and anemia (Bolger et al., 2000), while in children,
it causes noxiousness and dysfunction of central nervous system. Higher exposure to Nickel
could leads to hypoglycemia, asthma, nausea, headache and epidemiological symptoms like
cancer of nasal cavity and lungs (Rattan et al., 2005). Trace metals pollutants have turn into
an attractive issue in the world because of its high diligences toxic and carcinogenic character
(Sengupta & Agrahari, 2017) and persistency in the environment with ability to accumulate
in the biota (Morillo et al., 2002; Baghvand et al., 2010; Rajaei et al., 2012 & Ali et al., 2019),
which more attention should be given. Water quality and its suitability for drinking purpose
can be examined by determining its quality index (Mohan et al., 1996; Prasad & Kumari, 2008;
Prasad & Mondal, 2008). However, several published research studies have employed the use of
pollution indices and health risk assessment approach to interprets the overall quality of water
in respect of trace metals pollution (Agneta et al., 2006; Muhammed et al., 2011; Liu et al., 2012;
Ekere et al., 2014; Moses & Etuk, 2015; Nasrabadi, 2015; Majhi and Biswal, 206; Balakrishnan
& Ramu, 2016; Onyele & Anyanwu, 2018; Dibofori-Orji et al., 2019; Anyanwu and Umeham,
2020b; Anyanwu et al., 2020). Therefore, the study of ecological and health risk assessment of
trace metals in waters from North-West zone of Akwa Ibom State will help to understand the
overall water quality status in respect of trace metals contamination. The selected water bodies
are subjected to various anthropogenic activities, and they served as the only source of water
for irrigation and drinking for the nearby communities. Hence, this study seeks to evaluate the
concentrations of some trace metals and associated health risk of waters from north-west zone
of Akwa Ibom State, Nigeria vis-a-vis its suitability for human consumption.

MATERIALS AND METHODS

The study was conducted within the north-west district of Akwa Ibom State, south-south
geopolitical zone of Nigeria (Figure 1). The area covered about 6,858km?*lands mass, with an
estimated population of 5,482,200 million, 799.3/km? population density (NPCN, 2016). The
region is characterized by tropical humid climate with distinct dry season (November - March)
and wet season (April - October), with a mean annual rainfall of 2200mm. The region experience
rapid urbanization, industrialization and agricultural activities. For the purpose of this study,
seven (7) freshwater bodies were selected based on the level of perturbation by anthropogenic
activities and geo-morphological features of the area. The freshwater bodies are within low land
area where runoffs from communities are high, and receive wastes from different anthropogenic
sources. The location and geo-coordinates of the stations are presented in Table 1. The
anthropogenic activities observed during the study period in station I, IT and VII were bathing,
intense agricultural activities, domestic waste discharge and laundering. The inhabitants of the
area and other nearby villages always extract water from this station for domestic uses, including
drinking. Station 1 received effluents from oil mile factory near the water body. Intense sand
mining, farming, bathing and domestic waste disposal were observed in station III, IV and V.
Station III, IV and V received waste from municipal run-off, while station VI constantly received
waste from the nearby settlement directly and indirectly, municipal and urban run-oft.

Water samples for the trace metals evaluation were collected between May 2021 and April
2022 with 500mL polyethylene bottles and acidified with Nitric acid (HNO,) immediately after
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Fig. 1. Map of Nigeria indicating Akwa Ibom State with reference to the study area
Table 1. Details of surface water sampling location along with their longitude and latitude
Stations Location Co-coordinates
I Ini Local Government Area. Latitude 5.3732; Longitude 7.75742
II Ikono Local Government Area Latitude 5.2461; Longitude 7.74946
I Ikot Ekpene Local Government Area Latitude 5.2105; Longitude 7.65677
1A% Ikot EkpeneLocal Government Area Latitude 5.1735; Longitude 7.71045
Vv Essien UdimLocal Government Area Latitude 5.1438; Longitude 7.68498
VI Obot AkaraLocal Government Area Latitude 5.2737; Longitude 7.65546
VII Ika Local Government Area Latitude:5.0600; Longitude 7.57713

collection. The water samples were digested as described by Akan et al. (2009) and Moses & Etuk
(2015) using concentrated Nitric acid and heavy metals concentration in each water sample were
determined with atomic absorption spectrophotometer (UNICAM 939/959 model). All data
were summarized in Microsoft excel and subjected to statistically analysis using single factor
ANOVA, while Tukey Pairwise Posthoc was used to compare the means between the stations
with significant difference set at P<0.05.

The analyzed trace metals were subjected to ecological risk assessment, to evaluate the impact
of trace metals contaminant in the water using pollution indices (heavy metal pollution index,
comprehensive pollution index and contamination index). The heavy metal pollution index
(HPI) method is based on weighted arithmetic mean as described by Prasad & Bose (2001)
using the formula developed by Mohan et al. (1996). The index indicates the overall quality of
water in respect to trace metals contaminant (Horton, 1965 & Mohan et al., 1996). To compute
HPI, unit weightage (Wi) is considered as a value inversely proportional to the recommend
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standard (Si) for the investigated trace metals (Prasad and Bose, 2001). The HPI was determined
using the formula below:

HPI - w 1)
i

Where, Qi is the sub-index of i-th parameters, while Wi is the unit weightage of the i-th
parameters. The Qi is calculated with the equation below:

Qi=100x 9 (2)
Si

Where, Ci is the mean value of i-th parameter and Si is the acceptable standard limit of i-th
parameter. The acceptable limit for HPI is 100 for drinking purposes; values above 100 are not
fit for consumption (Prasad and Bose, 2001). All the parameters were considered in computing
HPI and the weightage (Wi) was taken as the inverse of standard permissible limit (SON 2015).
The comprehensive pollution index (CP1) method employed was to evaluate the water quality
for aquatic life sustainability and human consumption. The index provides vital information
about the water quality for effective management and control of metal pollution. The CP1 was
calculated using the formula below:

1 <n
CP1= - Pl (3)
n i=0

Where, # is the number of considered parameters and PIi is the pollution index number i.
The Pli is calculated using the equation below:

Ci
Pli= — 4
Si @)

Where, Ci is the concentration of each parameter and Si is the acceptable limit of Nigerian
Standard for Drinking Water Quality (SON, 2015). The values were compared with the water
quality rating of CPI, where value > 0.21 is clean water, from 0.21 to 0.40 is a sub-clean water,
while values from 0.41 to 1.00 is slightly polluted, between 1.01 and 2.00 is moderately polluted
water, and value > 2.01 is an indication of heavy polluted water as reported by Imneisi & Aydin
(2018) and Matta et al. (2018). The Contamination index (C,) has been employed by many
researchers, to evaluate the level of contamination in water body (Talalaj, 2014; Brraich &
Jangu2015; Anyanwu et al., 2020; Tomasz & Dominika, 2021), using the formula developed by
Backman et al. (1997). The index reveals the relative contamination of different metals separately
and manifests the sum of generated components as a representative (Backman et al., 1997). The
index was calculated using the equations below:

Cy= iCﬁ (5)
i=0

Where, Cf; = [CAi]—l
CN.

i



275 Pollution 2023, 9(1): 271-285

Cfi is the contamination factor for i-th component, C,  is the mean value for i-th component
and C is the upper permissible concentration of i-th parameter, while N denotes the normative
value.

Health risk assessment was carried out for non-carcinogenic for children and adults using
Chronic Daily Intake (CDI), Hazard Quotient (HQ) and Hazard Index (HI) approach as
described by USEPA (2011), Muhammad et al. (2011), Caylak (2012) and Naveedullah et al.
(2014). The CDI of trace metals was calculated by the equation below (USEPA 2021):

CDI= Cwx IRxEFx ED ©6)
Bwx AT

Where, CDI is the daily doses intake of trace metal (mg/kg/day) to which consumers could
be exposed to; Cw is the concentration of trace metals in the water samples (mg/L), IR represent
the ingestion rate; EF is the exposure frequency; ED represent the exposure period; Bw is the
body weight of the exposed person and AT represent the averaging time in days. The parameters
for the evaluation of CDI are shown in Table 2. The Hazard Quotient for non-carcinogenic
health risk was calculated using equation below (USEPA, 1999):

_CDI

~RFD (7)

HQ

Where, CDI is the daily dose intake value of trace metals (mg/kg/day) and RfD is oral toxicity
reference dose of the contaminant (mg/kg/day). 1f HQ value > 1, it indicates adverse non-
carcinogenic effects, while value < 1 represent acceptable level with no effect. The hazard index
(HI) of the trace metals was calculated with equation below (Onyele & Anyanwu, 2018 and
Moses & Etuk (2015):

HI= Y (HO)i (®)

Where, HI is the hazard index for the overall toxic risk and n is the total number of considered
trace metals. The non-carcinogenic adverse effect can be considered to be insignificant if HI
value is <1, value greater than 1 should of concern (Ayantobo et al., 2014). The HI is treated as
the arithmetic sum of HQ Value (USEPA, 2011).

Table 2. Accessible parameter used for the calculation of chronic daily intake (CDI)

Parameters Symbol Units Adult Children
Ingestion rate IR Litre / Day 2L 1L
Exposure frequency EF Days / Years 365 365
Exposure duration ED Years 70 6
Body weight BW Kg 70.0 15.0

Average time AT(ED xEF) Days 2555 2190
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RESULTS AND DISCUSSION

The mean and range values of trace metals investigated and pollution index values are
presented in Table 3. The mean value of all the investigated trace metals were exceeded the
acceptable standard limit in some stations. Statistical analysis showed significant differences
between the mean values (P <0.05). Lead (Pb) values varied between 0.001 and 0.08 mg/L;
higher mean value was recorded in station IV (0.03 mg/L), while the lowest (0.002 mg/L)
was recorded in stations V and VI respectively. The values recorded in stations I, III and IV
were exceeded 0.01mg/L which is the standard limit set by SON (2015). The poor mental and
physical retardation in children are associated with high intake Pb contaminated water (WHO,
2015). The value recorded in stations I, III and IV could suggest to runoff from contaminated
soil, couple with anthropogenic activities. The mean values of Iron (Fe) showed significant
variation, with higher mean value in station IV (1.42 mg/L) and the lowest was in station V
(0.66 mg/L). The mean values recorded were higher when compared with the standard limit
(0.3 mg/L) stipulated by SON (2015). The findings were not deviated from the reports of other
studies (Asaolu & Olaofe, 2004; George & Edak, 2018; Anyanwu & Umeham, 2020a), attributed
to the fact that Fe is the most abundant transition trace metal on earth (Kendrick et al., 1992).
However, Zheng et al. (2003) reported that high exposure to Fe contaminated water could
leads to neurological dysfunction. The elevated values recorded in stations III, IV and VI are
attributed to accumulation of domestic wastes rich in Fe at the banks of the water and runoft
from the underlying soil rich in Fe oxide. Nickel (Ni) values had similar trend with Fe, ranging
from 0.007 to 0.09 mg/L, with the highest mean value recorded in station I (0.05 mg/L). The
mean value recorded in all the stations were slightly exceeded 0.02 mg/L fixed as limit by SON
(2015) for drinking water. High concentration Ni in drinking water when consume may leads
to loss of hair in the body, cardiovascular, lung and kidney diseases (Salem et al., 2000). The
mean values recorded were similar with the report of Jonah et al. (2015). Cadmium (Cd) had
it ranged values between 0.001 and 0.09 mg/L, with higher mean value (0.03 mg/L) in station
IV. The mean value recorded in stations I and IV were above the standard limit (0.003 mg/L),
suggested to unregulated and intense application of pesticide and other related agrochemical
at the farmland near the water body which suddenly get into the water through runoff process.
The findings affirm the report of Ileperuma (2000) that high content of cadmium in aquatic
ecosystem linked to agricultural activities with intense application pest control chemical in a
farm near water bodies. Chromium (Cr) had it ranged values from 0.001 to 0.09 mg/L, with the
highest mean value recorded in stations IV and VI (0.06 mg/L) respectively, while the lowest
value of 0.001 mg/L was recorded in station II. The slightly observed value in stations IV and VI
above the 0.05 mg/L recommended by SON (2015), attributed to domestic waste discharge and
leaching from waste on the hinterlands during raining season. Strachan (2010) reported that
kidney, liver and tissue dysfunctions could be associated with long-term exposure of chromium.
Copper (Cu) is considered as an essential nutrient for human, the hazardous nature to human
is when the intake is high. In children, kidney failure and brain dysfunction are associated with
acute exposure to copper. The ranged values of Cu in this study is between 0.12 and 2.63 mg/L,
with the highest mean values (1. 35 and 1.83 mg/L) in stations IV and II, exceeded (1.00 mg/L)
recommended by Standard Organization of Nigeria. The significant values recorded in these
stations may attribute to impact of precipitation and human activities around the stations.

Thevalues ofheavy metal pollution index (HPI), contaminationindex (Cd) and comprehensive
pollution index (CPI) are shown in Table 3. The HPI values varied between the stations, ranging
from 61.4 to 743.5. Station IV recorded the highest value (743.5), followed by station I (288.2),
station III (166.8) and the least value of 61.4 was observed in station VI. The values recorded
in some stations are greater when compared with the ranged values (25.696 to 64.286) reported
by Nasrabadi (2015) from Haraz River, Iran and the 17.3504 to 54.5964 reported by Majhi and
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Biswal (2016). The value recorded in station IV (743.5) is similar with the value reported by
Anyanwu et al. (2022) in Ikwu River, Nigeria. According Prasad & Bose (2001), the acceptable
limit for HPI is 100 for drinking water. The value recorded in stations I, III, IV and VII were
greater than 100 being the acceptable limit, suggests to accumulation of metallic pollutants in
the water, owing to high levels of anthropogenic activities such as indiscriminate used of heavy
metal containing fertilizer and pesticides in agricultural activities at the banks of these stations
(Nouri et al., 2008). The obtained value in stations II, V and VI indicate that the water are
slightly polluted with respect to trace metals attributed to mining activities. The values of
contamination index (Cd) ranged from 0.94 to 16.3, with the highest value recorded in station
IV (16.3), while the lowest was in station VII (0.94). The value recorded across the stations
indicates that the water bodies are contaminated with metallic pollutants. The value recorded
in station IV (16.3) is greater than the values (1.69 to 9.85) reported by Anyanwu & Umeham
(2020b) from Eme River, Nigeria, attributed it to impacts of human activities such as domestic
wastes discharge, sand mining and surface runoffs from the farm around the station. The CPI
recorded ranged from 1.05 to 3.72, the highest value (3.72) was recorded in station IV) and the
lowest was recorded in station V (1.05). The value recorded in stations I and IV indicate high
level of metallic pollution, while station II, III, V, VI and VII showed that the water bodies
are moderately polluted with trace metals owing to combined effects of human activities. The
elevated HPI, C, and CPI value in station IV attributed high content of Pb, Fe, Cd, Cu and Cr
due to agricultural activities, weathering of rocks and predisposed of the station to municipal
runofs.

The chronic daily intake (CDI) of the metals and oral toxicity reference dose (RfD) values are
presented in Table 4, while Hazard quotient (HQ) and Hazard index (HI) values are presented
in Table 5. The CDI values of Pb and Ni did not exceeded the oral reference dose (RFD) for both
children and adults in all the stations, while Fe exceeded the oral reference dose (RFD) for both
children and adults in all the stations. The CDI values of Pb for children ranged between 0.0002
and 0.0013 mg/kg/day, while for the adults extend from 0.0001 to 0.0008 mg/kg/day. The highest
value for children (0.0013 mg/kg/day) was recorded in stations I and III, while the lowest (0.0002
mg/kg/day) was recorded in stations V and VII respectively. For the adults, highest value was in
station IV (0.0008 mg/kg/day), while the lowest (0.00005 mg/kg/day) was found in stations V and
VII. The CDI values of Fe for children ranged between 0.044 and 0.095 mg/kg/day. The highest
value was in station IV (0.095 mg/kg/day), followed by station III (0.086 mg/kg/day). In adults,
the range values were between 0.018 and 0.040 mg/kg/day, the highest was recorded in station
IV, while the lowest was recorded in station V. The values recorded for both adults and children
exceeded the oral reference dose (RfD) in all the stations. Similar findings were reported by
Maigari et al. (2016) from Dadinkowa Dam and River Gombe Abba, Gombe state and Anyanwu
et al. (2020) from Iyiakwu River, Abia state. High intake of Fe associated with genetic disorder in
human (Edokpayi et al., 2016). The high values of CDI recorded in Fe attributed to high contents
of Fe in the water bodies emanated from domestic waste discharge rich in Fe and runoft from
the underlying soil rich in Fe oxide. Some Fe compounds could have their source in fertilizers,
herbicide and pesticides use in farming within the stations. Surface runoff could transport these
compounds into the water body. The Ni CDI values ranged between 0.0008 and 0.0014 mg/
kg/day for adults, the lowest value was recorded in stations III and VI, while the highest was
in station I. For children, the highest value of 0.0033 mg/kg/day was recorded in station I, and
the lowest (0.002 mg/kg/day) was in station III and VI. Cadmium had it highest CDI value for
adults in station IV (0.0008 mg/kg/day) and the lowest in station VI (0.00002 mg/kg/day), while
the highest value for children was in station IV (0.002 mg/kg/day) and the lowest value (0.00006
mg/kg/day) was recorded in station VI. The values in station IV for both adult the oral toxicity
reference dose RfD values of 0.0005 mg/kg/day. Cadmium pose health threat to both adult and
children exposed to drinking water in station IV, while station I is for children. The higher
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CDI value of cadmium in these stations could be as a result of intense farming activities with
constant used of pesticide and other related agrochemical which suddenly get into the water
body by runoff process. Cadmium is toxic trace element (Mondour, 2012). Cadmium toxicity is
through ingestion and chronic exposures in humans affect the kidney (Johri et al., 2010 & Unisa
et al,, 2011). Higher CDI value for cadmium was reported by Anyanwu et al. (2020) owing to
sand mining in Iyiaku River. The CDI values of chromium for adult ranged between 0.00002
and 0.0017 mg/kg/day, while for the children were between 0.00001 and 0.0026 mg/kg/day. The
highest value for adult (0.0017 mg/kg/day) was recorded in stations IV and VI, while the lowest
(0.00002 mg/kg/day) was recorded in station II. For the children, the highest CDI was in station
I (0.0026 mg/kg/day) and the lowest (0.00001 mg/kg/day) was recorded in station II. The values
recorded for both adult and children in stations I, IV and VI and adult in station V exceeded
the RfD value (0.003 mg/kg/day). The high CDI value of Cr may have linked to domestic wastes
discharge and leaching from wastes on the hinterlands during raining season. Strachan (2010)
reported that kidney, liver and tissue dysfunctions in human being are associated with long-term
exposure of chromium. Fatemeh et al. (2016) added that high concentration of chromium when
consumed leads to destruction of stomach and intestines. Chromium is considered carcinogenic
and genotoxic at high concentrations (Paustenbach et al., 2003; Moffat et al., 2018 & Anyanwu
et al., 2022). Cupper had it CDI values for adult ranged between 0.015 and 0.052 mg/kg/day,
while children had it values between 0.002 and 0.058 mg/kg/day. The highest value for adult was
recorded in station II, while the lowest was in station V. For the children, the highest value was
in station IV, while the lowest was recorded in station II. The values in station I, III and VI for
children and in station II and IV for adult exceeded the oral toxicity reference dose (RfD) mg/
kg/day, which pose health risk to children and the adult.

The HQ values of Pb for adult ranged between 0.014 and 0.14, with higher values (0.14) in
stations I, IIT and VII. In children, the values ranged between 0.057 and 0.57. Higher value was
recorded in station IV. The HQ value greater than 1 is an indication of adverse non-carcinogenic
effects, while value less than 1 is acceptable level with no effect. The Pb HQ values for both
adult and children did not exceed 1. The HQ values for Fe in both adult and children exceed
the threshold limit value (1). The highest value for adult and children was recorded in station
IV, followed by station III, while the lowest was recorded in station V. The values recorded
attributed to high concentration of Fe in the water. This could pose hazardous threat to both
adult and children expose to water for drinking purpose. The HQ values of Ni for both adult
and children did not exceed the threshold value (1) in all the stations. Nickel poses no health
effect on the consumer of the water for drinking. The HQ value for Cd in children for stations I
and IV exceed the threshold value of 1.00. The value recorded in these stations is influenced by
CDI value linked to anthropogenic activities. Similar observation was reported by Anyanwu et
al,, (2020).

The HQ value for Cr in children in stations IV and VI exceed the threshold value of 1.
The values recorded were influenced by CDI value linked to human activities and impact of
precipitation in these stations. Cupper had it higher HQ values for children in stations I, III,
VI and VII, while for adult include stations II and IV. The value in these stations exceeded 1,
indicating adverse health effect on both children and adult exposed to drinking water from
these stations.

The Hazard Index (HI) values recorded for both adult and children was higher than the
threshold limit (1). Similar findings were reported by Ayantobo et al. (2014), Anyanwu et al.
(2020) and Rahman et al. (2020). In this study, it generally observed that higher values of HQ and
HI were recorded for children across the stations, thereby making the children more susceptible
to water bone diseases. These affirm the report of Onyele & Anyanwu (2018) and Anyanwu et
al,, (2020).
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CONCLUSION

The health risk assessment (CDI, HQ and HI) showed that the water bodies are not really
good for consumption. The CDI and HQ values indicates that Fe, Cd, Cr and Cu exceeded the
oral toxicity reference dosage of the contaminant and stipulated threshold (1) for HI in some
stations for both children and adult, which pose serious health risk to people especially the
children. The observed levels of contaminations could be influenced by human activities and
seasonal influential factors. Based on the findings, the water is not recommended for human
consumption. With this, awareness on the impacts of metal pollution in aquatic ecosystem, strict
enforcement and monitoring of human activities within the watershed is highly recommended,
Also, care should be taken to ensure strict adherent in quality monitoring to ensure that activities
detrimental to water quality are restricted from taken place near water bodies; all these will help
to minimize the level of metallic pollution and the adverse impacts impose on the water bodies.
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