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SUMMARY

Introduction: The quality of surface and groundwater and associated public health
issues have not received the attention it deserves among the communities within
the vicinity of Gosa dumpsite, Abuja, Nigeria. Aim: To assess the physicochemical
quality and potential health risks of heavy metals in drinking water resources
around the Gosa dumpsite, Abuja, Nigeria. Methodology: Analysis of total
dissolved solids and dissolved oxygen was done using the gravimetric method
and azide modification of Winkler’s method respectively. Sulphates, nitrates
and fluorides concentrations were determined by UV/Vis spectrophotometric
methods. Chlorides were determined by argentometric method. Carbonates were
analysed using titrimetric method while analysis of metal concentrations was by
atomic absorption spectrophotometer. Results: The mean levels of turbidity, DO,
Fe, Pb, Cd, As, Cr and Mn exceeded the maximum permissible limits. Among all
the metals in this study, Fe, Pb, Cd, Cr, Ni, and Mn had metal indices greater than
1.0 in both surface water and groundwater while the water quality index (WQI)
exceeded the threshold value of 100. The mean hazard quotient for Pb, Cd and As
exceeded one, while hazard index (HI) was higher than threshold value (1.0) in all
the metals evaluated indicating associated potential chronic health risks. The study
revealed that incremental lifetime cancer risks for Cd, As, Cr and Ni were higher
than the acceptable safe limits (< 1 x 10*). Conclusion: The higher water index of

water revealed that water was polluted and unsafe for drinking. Incremental lifetime
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cancer risks for Cd, As, Cr and Ni exceeded the safe limits (< 1 x 10*), indicating a
potential cancer risk associated with ingestion of these carcinogenic metals through

consumption of water by adult population.

Keywords: water quality index, hazard quotient, hazard index, incremental lifetime

cancer risks

RESUMEN

Evaluacién de la calidad del agua y los riesgos para la salud de los
metales en las proximidades del vertedero de Gosa, Abuja, Nigeria

Introduccién: La calidad del agua superficial y subterrédnea y los problemas de salud
publica asociados no han recibido la atencién que merece entre las comunidades
cercanas al vertedero de Gosa, Abuja, Nigeria. Objetivo: Evaluar la calidad
fisicoquimicaylos riesgos potenciales parala salud de los metales pesados en los recursos
de agua potable alrededor del vertedero de Gosa, Abuja, Nigeria. Metodologia: El
andlisis de so6lidos disueltos totales y oxigeno disuelto se realizé mediante el método
gravimétrico y modificacién con azida del método de Winkler respectivamente.
Las concentraciones de sulfatos, nitratos y fluoruros se determinaron mediante
métodos espectrofotométricos UV/Vis. Los cloruros se determinaron por el método
argentométrico. Los carbonatos se analizaron mediante el método titrimétrico mientras
que el analisis de las concentraciones de metales se realizé mediante espectrofotémetro
de absorcién atdmica. Resultados: Los niveles medios de turbidez, DO, Fe, Pb, Cd,
As, Cry Mn superaron los limites maximos permisibles. Entre todos los metales en este
estudio, Fe, Pb, Cd, Cr, Ni y Mn tuvieron indices metélicos superiores a 1,0 tanto en
aguas superficiales como subterrdneas, mientras que el indice de calidad del agua (ICA)
superd el valor umbral de 100. El peligro medio El cociente de Pb, Cd y As superd uno,
mientras que el indice de peligrosidad (HI) fue superior al valor umbral (1,0) en todos
los metales evaluados, lo que indica posibles riesgos crénicos asociados para la salud. El
estudio reveld que los riesgos incrementales de cdncer alo largo de la vida para Cd, As, Cr
y Ni eran superiores a los limites de seguridad aceptables (< 1 x 10). Conclusién: El
indice de agua mds alto revelé que el agua estaba contaminada y no era apta para beber.
Los riesgos incrementales de cincer alo largo de la vida para Cd, As, Cry Ni excedieron
los limites seguros (< 1 x 10*), lo que indica un riesgo potencial de cdncer asociado con
la ingestién de estos metales cancerigenos a través del consumo de agua por parte de la

poblacién adulta.

Palabras clave: indice de calidad del agua, cociente de peligro, indice de peligro,

riesgos incrementales de cdncer a lo largo de la vida
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REsuMmoO

Avaliagao da qualidade da dgua e do risco 4 satide de metais nas
proximidades do lixao de Gosa, Abuja, Nigéria

Introdugio: A qualidade das 4guas superficiais e subterrineas e as questoes de satide
publica associadas nao tém recebido a ateng¢io que merecem entre as comunidades
nas proximidades do lixdo de Gosa, Abuja, Nigéria. Objetivo: Avaliar a qualidade
fisico-quimica e os potenciais riscos para a saide dos metais pesados nos recursos de
dgua potével em torno do lixao de Gosa, Abuja, Nigéria. Metodologia: A andlise do
total de sdlidos dissolvidos e oxigénio dissolvido foi realizada utilizando o método
gravimétrico e a modificagio da azida do método de Winkler, respectivamente. As
concentragoes de sulfatos, nitratos ¢ fluoretos foram determinadas por métodos
espectrofotométricos UV/Vis. Os cloretos foram determinados pelo método
argentométrico. Os carbonatos foram analisados pelo método titulométrico
enquanto a andlise das concentragoes metalicas foi realizada por espectrofotdmetro
de absorcio atdmica. Resultados: Os niveis médios de turbidez, OD, Fe, Pb, Cd,
As, Cr e Mn ultrapassaram os limites maximos permitidos. Entre todos os metais
neste estudo, Fe, Pb, Cd, Cr, Ni ¢ Mn apresentaram indices metédlicos superiores
a 1,0 nas 4guas superficiais e subterrineas, enquanto o indice de qualidade da 4gua
(IQA) excedeu o valor limite de 100. O perigo médio o quociente para Pb, Cd ¢ As
excedeu um, enquanto o indice de perigo (HI) foi superior ao valor limite (1,0) em
todos os metais avaliados, indicando potenciais riscos cronicos a satide associados. O
estudo revelou que os riscos incrementais de cancro ao longo da vida para Cd, As, Cr
e Ni foram superiores aos limites de seguranca aceitdveis (< 1 x 10*). Conclusao:
O indice hidrico mais alto da dgua revelou que a 4gua estava poluida e imprépria
para beber. Os riscos incrementais de cincer ao longo da vida para Cd, As, Cr ¢ Ni
excederam os limites seguros (< 1 x 10*), indicando um risco potencial de cincer
associado A ingestao destes metais cancerigenos através do consumo de dgua pela

populagio adulta.

Palavras-chave: indice de qualidade da dgua, quociente de perigo, indice de perigo,

riscos incrementais de cAncer ao longo da vida

INTRODUCTION

Surface water and groundwater pollution has constituted serious public health con-
cerns in suburban and urban areas of most developing countries including Nigeria [1].
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This is a consequence of increasing population explosion or growth, and unauthorized
discharge of untreated sewage and industrial effluent. Surface and groundwater adja-
cent to waste disposal sites are at risk of being contaminated. Pollutants are washed
into surface water or leached into groundwater through the aquifer, thereby contami-
nating these water resources [2, 3]. Municipal solid waste is generated in most cities of
Nigeria due to increasing consumption of household resources, solid wastes, hazardous
wastes, radioactive wastes, agricultural and sewage [4]. Solid waste management has
become one of the most persistent environmental challenges faced by mainly the urban
areas in Nigeria. With an estimated population of over 200 million, Nigeria appeared
to be the greatest producer of solid waste in Africa [5-7]. Municipal waste disposal
methods in Nigeria comprise open dumping, open burning, incineration, unregulated
landfills, composting, and dumping into drain channels, streams and rivers. The most
common method of municipal waste disposal in Nigeria is the open dumps consisting
of open holes or fields on the ground where trash, inert and recyclable and non-recycla-
ble wastes are dumped. Burning of wastes controls bacterial activities and is an effective
weight volume reduction method, but a vast source of air pollutants [8].

Groundwater and surface water are the main source of water for drinking and other
domestic purposes without any form of treatment in most urban and sub-urban regions
in Nigeria [9]. This is partly because the removal of pollutants in water followed a
somewhat complex process in addition to the high cost involved [10-14]. There is a
community of residents that live in the Gosa dumpsite which depends on shallow wells
for drinking water. Also, inhabitants leaving adjacent to the solid waste disposal sites
called Jiyita drink water from a lake that drains from the dumpsite and three boreholes
[5, 15]. Heavy metals could impact the water quality within the communities; hence it
becomes expedient that there should be periodic monitoring.

The present study was designed to determine the levels of physicochemical proper-
ties and concentrations of eleven heavy metals in drinking water (surface water and
groundwater) within the vicinity of the Gosa dumpsite and to evaluate the health risks
associated with the oral ingestion of heavy metals. The outcome of this research will
make available some awareness of the degree of heavy metal pollution in the water
resources at Gosa for the relevant authorities to proffer mitigation measures.

METHODS

Study area

Samples were collected in March 2022 within vicinity of the Gosa dumpsite and Jiyita
village. The sampling stations were accessed through Idu -Airport Road in Abuja. The
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Gosa dumpsite is located off the Nnamdi Azikiwe Airport Road, Abuja within coordi-
nates N09° 01.270° E007° 19.59” and N09° 01 173’ E007° 20.510. The sample descrip-
tion and the map of the study area are shown in Table 1 and Figure 1 respectively.

Table 1. Description of sample locations, coordinates and elevation

Sample Coordinates of sample locations )
D : . Elevation (m)
Latitude Longitude
SW1 N09°01 32.7° E007°20 15.5 391
SW2 N09°01 20.7° E007°2019.6’ 378
SW3 N09°01 11.1° E007°2021.8 376
SDP1 N09°01 10.8° E007°2021.9° 373
SDP2 N09°01 15.3’ E007°20 12 390
JL1 N09°01 08.8° E007°2007.5 392
JL2 N09°01 08.8 E007°2007.6° 400
BH1 N09°01 43.1° E007°2012.9 414
BH2 N09°01 00° E007°20 4.2’ 392
BH3 N09°01 00’ E007°206.7 385
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Figure 1. Location map of Gosa dumpsite, Abuja Nigeria
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Sample collection and pre-treatment

A total of twenty water samples were collected from the study area during the dry
season in March 2022. These include fourteen (14) surface water and six (6) ground-
water samples. Three (6) surface water samples (SW1, SW2, SW3, SW4, SW5 and
SW6) were collected from the flowing stream within the waste dumpsite at different
points of almost equal intervals, starting from its source. Four (4) other surface water
samples two each from (SDP1 and SDP2) were collected from very shallow hand dug
just besides the flowing stream, while the last two (2) surface water samples (JL1 and
JL2) were collected from a minor lake in Jiyita community. The groundwater samples
were from one borehole within the perimeter of the waste dumpsite, and two different
boreholes within the Jiyita community which is located at the western flank behind
the dumpsite fence. The water samples were collected at the same time in a clean 2 litre
transparent sample container. The residence time of borehole water in the overhead
tank was less than 24 hours for each sample at the time of collection. Physical param-
eters such as temperature, pH, electrical conductivity, total dissolved solids, and dis-
solved oxygen were measured in Insitu, in triplicate using the appropriate instrument.
The samples were then transported to the laboratory and stored at 4 °C before analysis.

Data Analysis
Metal Index

The metal index was calculated from the formula in equation 1 [16].
c
MI= X e (1)

where, M1 is the metal index; C is the concentration of each element in solution; MAC
is the maximum of allowed concentration of each element. A metal index of less than
1.0 implies no pollution while a metal index greater than 1.0 revealed that pollution
has occurred concerning that metal.

Water Quality Index (WQI)

The computed water quality index evaluates the suitability of water for drinking pur-
poses; hence the formulae below were used to calculate the water quality rating scale,

relative weight and Water Quality Index (WQI) respectively [16].
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The water quality rating and water quality index were computed from the formula in
equation 2 and 4 respectively [16, 17].

qi =5 x 100 (2)

Where gi, Ci, and Si denote the quality rating scale for parameter i, concentration for
parameter i and the standard value of i parameter correspondingly. The relative weight
was calculated thus;

wi=i 5
Lastly, the water quality index was computed thus;
WQI = Yqiwi/Swi (4)

Health risks assessment

Estimated daily intake, Hazard quotient (HQ), Hazard index, and Incremental life-
time cancer risk were calculated with the formula below to access the health risks
through ingestion of water.

Estimated daily intake

The estimated daily intake (mg/kg/day) is calculated with the formula in equation 5
[17, 18].

CR
EDI = - x IR (5)

where CR is the metal concentration, IR and BW signify the daily water consump-
tion rate and the mean body weight of Nigerians respectively. 64 kg and 2.0 L were
the average body weights of Nigerian adults and the daily ingestion rate through oral
consumption of water in adult Nigerian respectively [19].

Hazard quotient (HQ)

Non-carcinogenic health risks of heavy metals were assessed by calculating the HQ
120, 21].

HQ = 1o (6)

RfD
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where RfD refers to oral reference dose which is the estimated maximum permissible
health risk related to daily human consumption or contact with heavy metals. RfD
can be expressed in mg/kg/day [17, 18]. The collective effects of more than two heavy
metals on the potential human health risk is called hazard index (HI). HI is calculated
with the formula in equation 7 [15-18].

HI = ZHQ 7)

HI <1, indicates no potential health risk, whereas HI >1 indicates potential chronic

health risk [15-18].

Carcinogenic risk

An index that is appropriately used to evaluate the carcinogenic risk is the incremental
lifetime cancer risk [15-18]. Incremental lifetime cancer risk (ILCR) is expressed with
the formula in equation 8 [22, 23].

ILCR = CDI x CSF (8)

where CDI is the chronic daily intake of carcinogenic chemical substances (mg/kg
bw/day). CSF is the cancer slope factor, which is estimated with the formula in equa-
tion 9 [22, 23].

EDIXEFx ED <9)

But, CDI ===

where, EF is the exposure frequency in days/year (365 days per year), ED is the expo-
sure duration in years or life expectancy. The life expectancy for adult Nigerians is 54
years [24]. AT is the average time or period of exposure which is 365 days per year
multiplied by 54 years (19,710 days.) while CF is the correction factor [25].

Determination of physicochemical properties

Triplicate values of the physicochemical parameters were measured using the appropri-
ate instruments and the mean of each was recorded.

Analysis of pH and temperature

The pH of the water samples was measured on the sampling spot with the aid of
PHS-25 Laboratory Water pH Meter. Prior to the measurement, the pH meter was

74



Water quality and health risk assessment of metals

recalibrated with buffer solutions of pH 4 and 9 respectively. The pH meter was used
to measure the temperature while 110°C mercury thermometer was used to validate all
temperature readings.

Electrical Conductivity

A high-powered microcomputer conductivity meter JENWAY 40710 model HI 9032
with a degree of accuracy of 0.01 was used to measure the conductivity of the water
samples in situ. The instrument was initially calibrated using standard solution of con-
ductivities 500 us/cm and 1500 ps/cm. Duplicate values were taken and units were in
microsiemens per centimetre.

Total dissolved solids (TDS)

Analysis of TDS was performed by gravimetric method according to the American
public health association [26]. 20 cm?® of sample was filtered into a clean pre-weighed
100 cm? beaker and dry to a constant weight in the oven set at 105 °C and TDS was
obtained by weight difference relating it to sample volume.

Dissolved Oxygen (DO)

Dissolved Oxygen (DO) was measured by azide modification of Winkler’s method using
Hanna 83200 multiparameter [27, 28]. The sample was filled in a 60 mL glass bottle and
5 drops of reagent A (HI 93732A-0) and 5 drops of B (HI 93732B-0). The bottle was
then covered and inverted severally. The orange yellow solution was allowed to stand for
two minutes followed addition of 10 drops of HI 93732C-0 and inverted severally until
flocculent dissolved completely. The prepared sample was transferred into the cuvette
and DO was measured after untreated water sample was used to zeroed the meter.

Turbidity

Turbidity of the water samples was measured in situ with a microprocessor turbidim-
eter JENWAY 3071, model HI93703 (0.0001 degree of accuracy). The instrument
was first calibrated by dipping the probe into standard solution with turbidity values of
0.00 and 10.00 Nephelometric Turbidity Unit (NTU) before measuring the turbidity

values of the samples.

Sulphate

Sulphate determination was by the turbidimetric method in which sulphate is con-
verted to barium sulphate suspension and the resultant turbidity was then measured
using a spectrophotometer at 420 nm and compared with standard curved prepared
from standard sulphates solution.
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Nitrates

The concentration of nitrates was determined by spectrophotometric method [29,
30]. 50 ecm® of water sample was acidified with IN HCl in a 100 cm?® volumetric flask
and mixed thoroughly followed by the addition of 0.5 cm?® of brocine-sulfanilic acid
and heating in a water bath for 25 minutes. After cooling, the absorbance was read at
410nm including the blank using the Shimadzu UV-visible spectrophotometer (UV-
180 series). This procedure was repeated on the standard solutions for preparing stan-
dard calibrations.

Phosphates

Analysis of phosphate was done by the molybdenum blue method [31, 32]. 10 cm?
of each of the standards, blank and samples were measured into a test tube. 2 cm? of
combined reagent were added to the standards, blanks and samples. 1 drop of phenol-
phthalein indicator was added to the solutions upon which pink colour develops and
SN sulfuric acid was added drop wise to discharge the colour. Ten minutes was allowed
to elapse, after which absorbance of each solution was measured at 880 nm on a UV-
Vis spectrophotometer.

Chloride

Chloride in water was determined using the argentometric method involving titration
of the sample against a silver nitrate indicator [33]. 25 cm? water sample was trans-
ferred to 250 cm?® conical flask and 1 cm? potassium dichromate solution was added.
The solution was titrated from yellow to brick red using 0.001N silver nitrate. Chlo-
ride ion was calculated as follow:

CI” (mg/L) = 2=2X2%% 1000 (10)

Floride

A Shimadzu UV-visible spectrophotometer (UV-180 series)) was used to measure the
absorbance of the sample. 1.0 ppm fluoride stock solution was prepared by dissolving
2.22 gof dried sodium fluoride in 1 L of deionized water. A range of calibration stan-
dards were prepared by serial dilution to determine fluoride levels. 0.12 g Eriochrome
Black T was used to prepare 0.001 M dye solution. Flouride concentration was then
determined at wavelength of 535 nm and results were comparable to that obtained
using HI83200 multiparameter with 2 mL of HI 93729-0 SPADNS reagent on the
same water sample in the central laboratory.
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Carbonate and bicarbonates

The levels of carbonate and bicarbonates in water were determined by the titrimet-
ric method. Carbonates was determined titrimetrically by transferring 25 mL of the
water into 250 mL conical flask, followed by addition of 2 drops of phenolphthalein
and followed by addition of sample 0.1 M sulfuric acid using burette until the disap-
pearance of pink colour which signalled end point for carbonate. Bicarbonates was
determined by repeating the same titration steps except usage of methyl orange which
change colour from yellow to pink at neutralization point. Amount of carbonate and
bicarbonate in mg/L was determined.

Determination of metal ions

The method described by the Association of Official Analytical Chemists (AOAC)
was used for metal analysis [34]. The samples were digested by boiling with 10 mL of
20% hydrochloric acid in a beaker and then filtered into a 100 mL standard flask. This
was made up to the mark with deionized water. The concentrations of. Na, K, Ca, Mg,
Fe, Pb, Cd, As, Cr, Cu, Co, Ni, Zn, Mn, and Hg were measured at 589, 766.5, 422.7,
285.2,248.3, 217, 228.8, 193.7, 357.9,324.8, 240.7, 232, 213.9, 279.5 and 253.7 nm
respectively, using atomic absorption spectrophotometer (Agilent 280FS AA) with a
hydride generator. Both calibration and rinse blanks were used to establish calibration
curve and flush atomic absorption spectrophotometer between samples and standards
respectively. The blanks were prepared under the same sample preparation procedure
as the samples. The AAS instrument was set to automatically recalibrate after each
five sets of samples analysed, while triplicate measurements were done and the mean
value of each metal was recorded in order to enhance the reliability and reproducibility
of measurements. All reagents used were of analytical grade. The atomic absorption
spectrophotometer functioned under optimal conditions such as measurement mode
(integrated), Slit with (0.5 nm), gain (57%), lamp current (10.0 mA), flame type (air/
acetylene), air flow (13.5 L/min), acetylene flow (2.0 L/min), burner height (13.5mm),
measurement time (10.0 seconds), while the detection limit was of 0.001 ppm.

Method validation for metal analysis

Samples were spiked with 0.5 mg/L of standard solutions of the respective metals
before digestion in order to establish the accuracy of the analysis. Spiked samples were
subsequently exposed to similar analytical conditions as the test sample. Percentage
recovery was then calculated using the equation below:
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Concentration of spike sample—Concentration of unspiked sample
% Recovery = P P P P (l 1)

Actual spike concentration

Recovery percentages of results for Na*, K, Ca**, Mg**, Fe**, Pb**, Cd*, As**, Cr**,
Cu?*, Co*, Ni**, Zn**, Mn**, and Hg?* ranged from 91 — 102 %.

RESULTS AND DISCUSSION

The results for geochemical properties of both surface water and groundwater samples
from Gosa Dumpsite and its environs are presented in Table 2. The pH of surface
water (Table 2) ranged from 6.20+0.10 to 7.10+0.01 with a mean value of 6.7740.01
while the pH of groundwater (Table 2) ranged from 6.30+0.12 to 8.20+0.03. The
pH of both surface and groundwater samples was within the recommended standard
limit (6.5-8.5) for drinking water [35]. The results were similar to that of Longe and
Balogun who reported groundwater samples’ pH, mostly within the acidic range,
with a mean value of 6.62 which falls within the permissible WHO standard [36].
Also, pH values that ranged from 6.0 to 6.9 were reported by Saheed ez al. [37] which
correspond to values obtained in this study. As earlier observed by Daniel ez 4/. [38],
low pH values of natural water sources may be attributed to the first stage of leachate
formation. The levels of TDS in surface water ranged from (110+0.15 to 2000+1.02)
mg/L with a mean value of 939.29+0.53 mg/L. Shallow well water samples, SW1,
SW2 and SW3 recorded higher values of TDS above recommended standard limit
of 1000 mg/L. Total dissolved solids in groundwater samples ranged from (196+0.60
to 562+0.12) mg/L with an average value of 321+0.31 mg/L. TDS is a measure of
the aggregate dissolved content of all organic and inorganic substances existing in a
liquid. TDS level less than 600 mg/L is typically believed to be optimal for portable
water but at TDS levels higher than 1000 mg/L water gradually becomes unpalatable.
Water samples with lower or higher values of TDS may exhibit a characteristic insipid
taste or objectionable mineral taste respectively. Excessive scaling in heaters, boilers
and water pipes has been attributed to very higher levels of total dissolved solids in
water. The electrical conductivity (EC) of surface water ranged from (0.15+0.01 to
3.7240.01) uS/cm with a mean value of 1.5740.02 uS/cm, while that of groundwater
ranged from (0.2740.02 to 0.7840.06) uS/cm with an average value of 0.4540.03 puS/
cm. The mean electrical conductivity of surface water in this study was higher than
that of groundwater but values were well below the standard recommended limit
(1000 uS/cm), indicating that the contaminating species do not adversely affect the
electrical conductivity, maintaining it at permissible values [39]. Saheed ez al. [37],
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reported mean electrical conductivity (409 pS/cm) which was higher than the range
of values in the present study but was within WHO’s Standard Maximum Permissible
limits. Similarly, the mean electrical conductivity (199.4 pS/cm) reported by Oyelami
et al. [40] was higher than the result in the present study but falls within WHO/SON

maximum permissible limits.

The amount of dissolved inorganic and organic substances as well as pH determine toa
greater extent the electrical conductivity of water [41]. The temperature of surface water
and groundwater ranged from (29.60+0.12 to 32.3040.10) °C and from (31.10+0.07
to 32.7040.02) °C, respectively, but it was within the ambient temperature. The level
of turbidity (Turb) in surface water varies between samples while the minimum and
maximum levels of turbidity were 12.0+0.05 NTU and 17540.06 NTU respectively.
In groundwater, turbidity ranged from (0.5+0.01 to 1.0+0.01) NTU with an aver-
age value of 0.67+0.01 NTU in groundwater. The levels of turbidity in groundwater
samples were lower compared to surface water samples, however, values of turbidity in
surface water were higher than 5 NTU recommended by standard organizations [42].
Turbidity is the degree of cloudiness of water brought about by suspended particles
such as clay, silts, chemical precipitation of manganese and iron, organic particles and
organisms [42]. High levels of turbidity affect the clarity of water to transmit light and
consequently reduce the acceptability of drinking water. The surface water samples are
therefore polluted concerning turbidity.

The levels of dissolved oxygen (DO) and biochemical oxygen demand (BOD) in
surface water ranged from (4.35+0.04 to 5.55+0.10) mg/L and from (2.95+0.05
to 3.8840.10) mg/L, respectively. Dissolved oxygen in groundwater ranged from
(5.54£0.11 to 5.66+0.06) mg/L with a mean value of 5.59+0.09 mg/L, while from
(2.85+0.05 to 2.95+0.05) mg/L was the range for levels of biochemical oxygen
demand. DO level of 5.0 is recommended and suitable for the survival of aquatic life
[35]. The DO level for SW1-SW3 and SDP2 in surface water and all the groundwater

samples were slightly higher than the permissible limit but may not constitute any seri-

ous health hazard.

The metal concentrations in both surface water and groundwater are shown in Table 2.
Sodium ion (Na*) concentrations ranged from (9.45+0.14 to 10.54+0.10) mg/L with
a mean value of 9.0940.08 mg/L in surface water whereas, in groundwater, sodium
recorded a maximum concentration of 8.29+0.05 mg/L (BH3) and a minimum level
of 7.39+0.03 mg/L (BH1). These results correspond to the mean concentration of
11.75 mg/L reported in groundwater within the vicinity of a dumpsite in Ibadan Nige-
ria [40]. The concentrations of sodium in surface water were generally higher than
that of groundwater but lower than the provision guideline level (200 mg/L) recom-
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mended by the World Health Organisation [42], indicating that the two categories of
water samples were not polluted concerning sodium metal. Sodium is a beneficial ele-
ment that enhances plant growth in a good number of ways but may not be very neces-
sary for the accomplishment of the life cycle for such plants. The levels of potassium ion
(K*) in surface water ranged from (0.0540.00 to 0.2940.02) mg/L with an average value
of 0.15+0.01 mg/L. Sample BH3 had the least concentration of potassium (0.05+0.01
mg/L) while BH1 recorded the highest concentration (0.15+0.01 mg/L) in groundwa-
ter. Surface water had slightly higher levels of potassium compared to groundwater but
the difference is not highly significant.

The concentrations of potassium in both groundwater and surface water were much
lower but within the maximum recommended limits of 200 mg/L in drinking water.
This result appeared to be lower than those reported which varied from 1.04 to 24.41
with an average value of 5.66 mg/L [40]. The slightly higher concentration of potas-
sium was attributed to the underlying geology of the study area [40]. Potassium is
an essential element that is absorbed by plants roots and is required for the accom-
plishment of plants’ life cycle and growth. The concentrations of calcium ion (Ca**)
in surface water ranged from 0.04+0.01 - 0.6740.02 mg/L with an average value of
0.2740.02 mg/L while the levels of Ca®* in groundwater ranged from (0.02+0.01 to
0.1240.01) mg/L and a mean value of 0.064+0.01 mg/L. The concentrations of Ca?*
were lower than the maximum recommended limits (75 mg/L) in drinking water, indi-
cating that all the water samples were unpolluted concerning Ca?*. The minimum and
maximum concentrations of Mg** in surface water were 0.99+0.12 mg/L (SW2) and
1.1940.02 mg/L (SDP1) respectively. Similarly, in groundwater the concentrations of
Mg** ranged from (0.9840.04 to 1.16+0.01) mg/L whereas BH1 and BH2 had the

lowest and highest levels respectively.

The concentration Mg** was lower than 20 mg/L and 50 mg/L maximum permissible
limits recommended by World Health Organisation and Nigeria’s industrial water
standard for drinking water respectively [42, 43]. These results for Ca** and Mg**
correspond with those of Adeyemo ez al. [44], with mean Ca?* and Mg** concentra-
tions of 23.42 mg/L and 4.39 mg/L respectively. The concentration of Fe ranged from
(0.82+0.07 to 2.76+0.04) mg/L in surface water with an average value of 1.22+0.06
mg/L, whereas a concentration range of (0.77£0.03 to 2.06+0.02) mg/L was recorded
for Fe in groundwater. These values appeared to be higher than the provisional guide-
line value of 0.3 mg/L proposed by the World Health Organization [42] and the max-
imum permissible limit of 0.3 mg/L recommended by Nigeria’s standard for drinking
water quality [43]. This result corresponds to a range of 0.00 to 1.36 with an average of
0.23 mg/L reported for groundwater within the vicinity of the refuse dump in Ibadan
Nigeria [40]. The concentrations of lead in surface water vary from minimum and maxi-
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mum values of 0.2940.05 mg/L to 0.41+0.01 mg/L with an average value (0.3340.03
mg/L) respectively. However, for groundwater samples, the concentrations of Pb ranged
from (0.49+0.05 to 0.56+0.02) mg/L with a mean value of 0.51+0.05 mg/L.

Interestingly, the concentrations of Pb in all the samples evaluated in this study were
higher than WHO maximum permissible limits. This is a strong indication that both
surface water and groundwater samples were polluted concerning lead and may not
be safe for drinking. The enrichment of lead is similar to the results of Adelekan and
Abegunde [45] and Saheed ez 4l. [37]. The high lead concentrations may be associ-
ated with the combustion of fossil fuel, dumping of metal products rich in lead, cos-
metics and waste batteries which has leached into the soil. Cadmium concentrations
in surface water vary from one sample to the other but ranged from (0.0640.01 to
0.2240.05) mg/L with an average value of 0.10+0.03 mg/L. Similarly, the cadmium
concentrations in groundwater samples ranged from (0.11£0.01 to 0.204+0.02) mg/L
with an average value of 0.16+0.02 mg/L. These values were higher than WHO guide-
line values of 0.003 mg/L for drinking water, indicating a higher level of pollution of
the groundwater and surface water in the study area [46]. The high concentration of
Cd** is similar to the results of Saheed ez 4l. [37]. Which may be attributed to leachate
from agricultural farmland within the vicinity of the dumpsite where phosphate fertil-
izer may have been used.

The bioavailability or adsorption of cadmium compounds depends largely on the solu-
bility of the compounds. Cadmium bioaccumulates in the kidney which is its primary
target organ for toxicity and is classified as probably carcinogenic to humans (Group
2A) by International Agency for Research on Cancer (IARC) [47]. The concentra-
tion of arsenic (As®*) in surface water samples was below the detection limit while
that of groundwater ranged from 0.03+0.01 — 0.1340.03 mg/L with an average value
of 0.06+0.02 mg/L. The provisional guideline value for arsenic in drinking water is
0.01 mg/L [42, 43], but the values for the concentrations of As®* in groundwater were
higher than the provisional value. The groundwater mainly from boreholes in com-
munities within the vicinity of the Gosa dumpsites was polluted concerning arsenic.

Arsenic is one of the toxic substances or elements thought to be responsible for wide-
spread health effects as a result of drinking water exposure. The ingesting of higher
concentrations of arsenic through drinking water will result in the growth of cancer in
the body. Other toxicity of arsenic exposure through drinking water includes hyper-
pigmentation and hypopigmentation, exterior neuropathy, cancer of the skin, bladder
and lung cancers and peripheral vascular disease [42]. The concentrations of chromium
(Cr*) in surface water samples ranged from (0.044+0.01 to 0.10+0.02) mg/L with a
mean value of 0.08+0.01 mg/L. Besides, (0.034+0.01 t0 0.124+0.01) mg/L was the range
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of concentrations of Cr** in groundwater samples but the levels of chromium in water
samples were higher than the standard provisional guideline value of 0.05 mg/L [42].
This result corresponds to the mean chromium concentration (0.098 + 0.002 mg/L)
reported by Ibironke ez al. [48] on surface water due to Leachate from the municipal
dumpsite. Chromium occurs in valences that ranged from +2 to +6 in its compounds
but most stable at Cr**. A strong association has been established between exposure
to the hexavalent form of chromium through the inhalation pathway and lung cancer.
Hexa-valence form of chromium (Cr®*) is a Group 1 human carcinogen according to
International Agency for Research on Cancer (IARC) [47].

The concentrations of copper ions (Cu?*) in surface water samples ranged between
(0.07£0.01 and 0.1640.05) mg/L with a mean value of 0.11+0.02 mg/L. The range
of copper concentrations (0.21+0.02 to 0.27+0.03 mg/L) in groundwater was higher
than those of surface water. Copper (Cu**) concentrations in this study were lower
than the recommended standard guideline value of 2 mg/L [42]. Copper is a contami-
nant of water and also an essential nutrient for plant growth. Wilson disease, meta-
bolic disorders, and gastrointestinal disorders are the most likely toxicity of copper.
The minimum concentrations of cobalt recorded in surface water and groundwater
were 0.18+0.02 mg/L and 0.30+0.01 mg/L respectively. On the other hand, the maxi-
mum concentrations of cobalt (Co*") in surface water and groundwater samples were
0.44+0.12 mg/L and 0.40+0.02 mg/L respectively.

The nickel ion (Ni?*) concentrations ranged from (0.1040.01 to 0.25+0.03) mg/L with
an average value of 0.16+0.02 mg/L in surface water. The minimum and maximum con-
centrations of Ni** in groundwater were 0.03+0.01 mg/L and 0.08+0.02 mg/L respec-
tively. The levels of Ni were higher in surface water samples than in groundwater
samples. The guideline value of Ni in drinking water is 0.07 mg/L [42]. The levels of
Ni in surface water samples exceeded the recommended guideline value, indicating
that all the surface water samples were polluted concerning nickel. The high concentra-
tion of Ni is above WHO/SON permissible limits was reported in soil and ground-
water around a refuse dump in Ibadan, Nigeria [37]. Nickel is an essential nutrient
for plant growth. The most common toxicity of nickel is allergic contact dermatitis.
Inhaled nickel compounds and nickel metal are carcinogenic to humans and have been
classified by the IARC as Group 1 and Group 2 carcinogenic, but there is the dearth

of evidence on possible carcinogenic health risks through oral exposure to nickel [47].

The minimum concentrations of zinc ions (Zn®*) in surface water and groundwater
were 0.11£0.05 mg/L and 0.1740.02 mg/L respectively. Conversely, the maximum
concentrations of Zn** in surface water and groundwater samples were 0.43+0.01
mg/L and 0.20+0.01 mg/L respectively. The levels at which Zn is found in water are
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not of health concern hence there is no guideline value recommended by the world
health organization. Nevertheless, a concentration of zinc higher than 3.0 mg/L is not
suitable and acceptable for drinking water [49]. Zinc is an essential element required by
both plants and humans for healthy growth. The concentrations of manganese (Mn?*)
in surface water samples ranged from (1.55+0.20 to 2.3240.05) mg/L with a mean
value of 1.86+0.21 mg/L. In groundwater, the levels of Mn?* ranged from (1.7240.01
to 2.0140.31) mg/L. Manganese concentrations higher than 0.1 mg/L in water sup-
plies are linked to objectionable taste in beverages and staining of wares and laundry,
coating on pipes and black precipitate results at manganese levels of 0.2 mg/L. How-
ever, the health base value of 0.5 mg/L has been proposed for manganese [35]. The con-
centrations of manganese in this study exceeded the recommended health base value
and may adversely impact human health, especially children, hence the water samples
were polluted with respect to manganese. Daniel ez /. [38] observed the enrichment
of Mn in natural water sources above the drinking water standard limits and attributed
possible sources of Mn** to agricultural activities (extensive use of fungicides and fertil-
izers) and automobile parts as well as tools from the dump site. Manganese is an essen-
tial trace element required for the healthy growth of plants, humans and other animals.
Manganese has been linked to adverse effects on learning in children [35].

The levels of mercury in both surface water and groundwater samples are below the
detection limits of the atomic absorption spectrophotometer and hence is not of any
health concern. The guideline value for mercury in drinking water is 0.006 mg/L [42].
The study area is not polluted concerning mercury. The concentrations of anions in
both surface and groundwater are also presented in Table 2. The sulphates (SO*) con-
centrations in both surface water and groundwater samples ranged from (4.96+0.32 to
24.3240.02) mg/L and from (5.80+0.22 to 6.16+0.02) mg/L, respectively. The aver-
age concentration of SO, in surface water (9.37+0.23 mg/L) seems to be higher than
that of groundwater samples (6.2740.15 mg/L). Nevertheless, sulphate concentration
between (250 and 300) mg/L is very suitable for the support of fisheries and aquatic
life. The sulphate concentrations for all the borehole water in this study were within
the acceptable maximum permissible limits (500 mg/L) recommended [42], indicat-
ing that the groundwater samples were not polluted with respect to sulphate ions. The
sulphate concentrations were within the range previously reported on groundwater in
the vicinity of dumpsites at Aduramigba Estate within Osogbo Metropolis [40], and
Lagos in Southwestern Nigeria [50].

Phosphates (PO,*) had minimum and maximum concentrations of 0.40+0.02 mg/L
and 0.92+0.02 mg/L in surface water respectively. The phosphate ion concentration
in groundwater ranged from (0.01+0.00 to 0.7940.02) mg/L with an average value
of 0.2940.01 mg/L. The concentration of phosphate ions appeared to be greater in
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surface water than in groundwater. Nonetheless, the phosphate ions concentrations
in both groundwater and surface water were below the maximum permissible limit of
5.0 mg/L, indicating that groundwater is not polluted with respect to phosphate ions.

The nitrate (NO5’) concentrations ranged from (0.35+0.21 to 16.47+0.11) mg/L
with a mean concentration of 7.9740.12 mg/L. The nitrate (NO5) concentrations
in groundwater ranged from (8.9340.12 to 11.8140.22) mg/L with a mean value
of 10.58+0.22 mg/L. The results of nitrate concentrations in most of the boreholes
(BH2, BH3) appeared to be lower than the standard maximum limits of 50.0 mg/L for
drinking water [49, 51]. The nitrate enrichment of groundwater in the present study
corresponds to the range (0.1 to 10) mg/L, reported by Adeyemo ez al. [44].

Chloride ion (Cl') had a concentration in surface water that ranged from (5.040.01
to 280+0.62) mg/L with a mean of 127.86+0.47 mg/L. The results of chloride ions
concentrations were within the standard maximum permissible limits of 250 mg/L
in most of the surface water samples except for SW1 (280 mg/L) and SW3 (240
mg/L). Chloride had concentrations in groundwater that ranged from (15.0+0.30
to 23040.20) mg/L with a mean value of 96.740.20 mg/L. Chloride ions compara-
tively had lower concentrations in groundwater than in surface water but appeared
to be within the standard recommended limits of 250 mg/L in all the groundwater
samples. The mean chloride concentration of 268.87 mg/L was reported on groundwa-
ter in the vicinity of dumpsites at Aduramigba Estate within Osogbo Metropolis [40],
higher than the ones in the present study but above the recommended standards for
drinking water. Higher concentrations of chloride could enhance the corrosion rate in
water distribution systems [51]. Fluoride ions (F) concentrations in surface water were
below the detection limit of the AAS instrument while fluoride ions (F*) concentra-
tions for groundwater were below the detection limit in most of the samples (BH1,

BH2), except BH3 (0.01+0.00 mg/L).

The maximum standard permissible limit of fluoride in drinking water is 1.5 mg/L and
the concentration levels of fluoride ions were within the acceptable recommended limit.
The carbonate (CO5*) and hydrogen bicarbonate ions (HCOj;) concentrations in sur-
face water ranged from (52.0+0.12 to 188.0+0.30) mg/L and from (15.20+0.55 to
43.7040.50) mg/L in both surface water and groundwater respectively. The CO,* and
HCO; ions in groundwater had concentration levels that ranged from (116.0+0.19
to 140.0+0.08) mg/L and from (26.60+0.22 to 45.60+0.70) mg/L respectively. The

levels of bicarbonate were comparable to the range of values previously reported [40].

The computed metal index for surface and groundwater are presented in Table 3 and
4 respectively.
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Table 4. Metal index for cations and heavy metals in ground water

Metals BH1 BH2 BH3 mean
Na 0.0370 0.0413 0.0415 0.0399
K 0.0008 0.0007 0.0003 0.0006
Ca 0.0016 0.0007 0.0003 0.0008
Mg 0.0196 0.0232 0.0224 0.0218
Fe 6.8667 3.123 2.567 4.200
Pb 49.00 56.00 49.00 51.00
Cd 36.67 60.00 66.67 53.33
As 3.33 43.33 10.00 20.00
Cr 0.60 2.40 1.80 1.60
Cu 0.135 0.105 0.12 0.12
Ni 1.142 0.429 0.714 0.714
Zn 0.057 0.067 0.063 0.063
Mn 4.02 3.44 4.02 3.82

A metal index greater than one indicates pollution of the water sample has occurred
while a metal index less than one implies no pollution. In surface water, the mean metal
index for Na, K, Ca, Mg, Cu and Zn were 0.0455, 0.0008, 0.0036, 0.022, 0.055 and
0.083 respectively. These values of the metal index for Na, K, Ca, Mg, Cu and Zn were
less than 1, reinforcing the fact that surface water was not polluted with respect to these
metals. Similarly, the average metal index for Fe, Pb, Cd, Cr, Ni, and Mn in freshwater
samples were 4.066, 33.00, 33.33, 1.60, 2.285 and 3.72 respectively. Conversely, Fe, Pb,
Cd, Cr, Ni, and Mn had metal indices greater than 1, hence surface water samples were
polluted with respect to each of these metals. The mean metal index for Na, K, Ca,
Mg, Cu, Ni and Zn in groundwater were 0.0399, 0.0006, 0.0008, 0.0218, 0.12, 0.714
and 0.063 respectively. Nevertheless, Fe, Pb, Cd, As, Cr and Mn had computed metal
indices of 4.20, 51.00, 53.33, 20.00, 1.60 and 3.82, respectively, which are greater than
the threshold value of 1.0 indicating pollution of groundwater with respect to these
heavy metals. The computed Water Quality Index (WQI) for metals in both surface
and groundwater is shown in Fig. 2 below. BH2 had the highest value (13501.85) of
WQI whereas SW1 had the lowest value (6447.52). The WQI in all the water samples
and sampling sites were greater than 100, which is a strong indication that water from
these sources wears unsuitable and unsafe for drinking purposes.

88



Water quality and health risk assessment of metals

16000
14000
12000

10000

g so00
=

5000

4000

2000

0

swi SwW3

SwW23 SDP1 SDP2 I Iz BH1 BH2 BH3
Sampling Sites

Figure 2. WQI of Cations in both surface and groundwater samples

The quantity, exposure duration and toxicity of heavy metals in addition to other
chemical substances determine the human health risks [52].

The estimated daily intake of water by an adult was calculated and presented in Table 5.
The mean estimated daily intake for Fe, Pb, Cd, As, Cr, Cu, Co, Ni, Zn and Mn were
0.0039, 0.0123, 0.00378, 0.00061, 0.00249, 0.00470, 0.00961, 0.00409, 0.00727 and
0.05950, respectively.

The calculated hazard quotients of heavy metals are presented in Table 6. RfD values for
Cd (0.001), Cr (0.003), As (0.0003), Ni (0.02), Hg (0.0001), Pb (0.004), Cu (0.04), Zn
(0.3), Mn (0.14), Fe (0.70) and Co (0.02) were used for computing the hazard quotients
[46]. The non-carcinogenic health risks for each heavy metal in both surface and ground-
water samples were assessed by calculating the hazard quotient. Table 6 revealed that the
mean hazard quotient (HQ) for Fe, Pb, Cd, As, Cr, Cu, Co, Ni, Zn and Mn were 0.056,
3.078,3.780, 6.778,0.830, 0.118, 0.481, 0.205, 0.024 and 0.425, respectively. The mean
hazard quotient (HQ) values were less than one (1.0) for Fe, Cr, Cu, Co, Ni, Zn and Mn
while Pb, Cd and As had HQ values that exceeded the threshold hazard quotient (HQ)
values of one (1.0), suggesting the possibility of potential health risk associated with Pb,
Cd and As through consumption of drinking water. Table 6 also revealed that hazard
index (HI) values ranged from 6.195 - 31.593 with JL2 and BH2 having the minimum
and maximum HI, respectively. The HI values in this study exceeded the acceptable value
of one, indicating the associated chronic health risk effects of these heavy metals com-
bined. Nickel, cadmium, chromium, arsenic and lead were designated as group 1 and 2
potential carcinogenicity metals respectively by the International Agency for Research
on Cancer (IARC) but Zn, Al, Mn and Cu were classified as non-carcinogenic metals
[53]. Cancer slope factor for Pb, Ni and Cd are 0.009, 1.7 and 0.6, respectively [54, 55],
while that of Asand Crare 1.5 and 0.501 correspondingly [47, 53]. The calculated values

of incremental life cancer risk for the adult population are shown in Table 7.

89



Joseph Omada, Emeka Chima Ogoko, Henrietta Kelle, Gideon Yomi

Incremental life cancer risks for Pb, Cd, As, Cr and Ni ranged from 8.28 x 10° to 1.05
x 10-4,9.6 x 10%t04.2 x 103,1.5 x 10% t0 6.15 x 103,2.51 x 10“%to0 1.90 x 102 and
1.7 x 107 to 1.34 x 107 respectively. The Incremental lifetime cancer risk (ILCR)
values for lead were within the acceptable safe limit of 1.0 x 10 to 1.0 x 10, and has
the least chance of cancer risks. However, Cd, As, Cr and Ni had cancer risk values
higher than the acceptable limits and have a very high chance of cancer risks through
ingestion of water.

CONCLUSION

Most of the physicochemical parameters evaluated in the present study were within
the acceptable limits while the mean concentrations of Fe, Pb, Cd, As, Cr and Mn
exceeded the maximum permissible limits. Metal index and weighted water quality
index for Fe, Pb, Cd, Cr, Ni, and Mn in all the stations were higher than the threshold
values, indicating that the water samples were contaminated and unsafe for drinking
purposes. The range of cancer risk values for lead (8.28 x 10 to 1.602 x 10*) was
within the safe limit and may not poses potential cancer risks. Incremental lifetime
cancer risks for Cd, As, Crand Ni were higher than the safe limits (< 1 x 104), suggest-
ing a high probability of potential cancer risk associated with consumption of these
carcinogenic metals by the adult population who depending on these sources of water

for livelihood.

90



Water quality and health risk assessment of metals

(pomusuory)
S0T0 0800 0500 STro SLT0 910 0cC0 06170 00€0 S6¢°0 0s€°0 IN
18%°0 SLY0 S05°0 €90 SI%°0 6%°0 0590 020 $870 ISAA0) 0c€0 00
8IT°0 061°0 891°0 SITO $60°0 8¢1°0 €01°0 800 $60°0 $S00 960°0 no
0¢8°0 L£960 L9T1 €ee0 L90°T €¢S0 €90 €er0 £96°0 990°1 L96°0 20)
8LL9 €eee 0061 L9TI - - - - - - - Y
08¢ 079 0L'S 00S°¢ 0091 008'¢ 002 0T¢ (11974 06'T 0Tc PO
8L0°¢ 006'¢ 1IS8% 006'¢ SLET 0ST¢ 0S¢ ST6'C SLLT 00€'C SLET qd
950°0 <€0°0 €0°0 €60°0 $€0°0 0%0°0 w00 <TI0 850°0 700 L£0O 21
:Wuﬂa ¢HA CHd THA 40l 1 wadas 1dds ¢S (9, IAS (1/8u)

I91EMpUNOID) I97eM ddBJINg Lhaaed!

uonendod npe ur sperow aeay 105 (D H) USNIONY) pIezep] 9 Aqey,

056500 8¢900  9%S00  8¢900 16500  T6¥00 LTS00 LELOO ¥850°0 0£90°0 L7500 UN
£LTL00°0 09000 %9000  %S000 = SE000  £800°0 ¥C10'0 LETO0 LS00°0 %9000 1500°0 uz
607000 91000  OI000  STO00 = SE000  TLO00 ¥%00°0 8¢00°0 09000 6,000 0£00°0 N
196000  S6000 = TOTO0 = ZZIO0  €8000 & 86000 0¢10°0 0%¥10°0 L500°0 £900°0 %9000 °D
0.%00'0 94000 49000  9800°0 @ 8¢000  T1S000 1%00°0 €000 8¢00°0 000 7000 no
6%200'0 67000 8¢00°0 01000 7€00°0 91000 61000 ¢100°0 67000 €000 67000 1D
190000 01000 = T1¥000 @ 0OTO00 - - - - - - - Y
842000 %9000  LSO00  S£000 91000 = 8£000 0200°0 €000 §200°0 61000 7000 PO
€CI00  9ST00  8ZI00  9SIO0  S6000 0100 20100 L1100 IT10°0 76000 $600°0 qd
6£000  H¥C00 86700  ¥S900  IHCO0 64700 76200 94800 90%0°0 S9¢0°0 09200 k|

uedw  cHY HY THY 41l 11( 7das 1dds €AS TAS IAS (1/8w)

Iayempunolrr) Ja3eM 9d5e)INg eI

‘1ad (Aep/3y/3wr) oxyeur Arep parewnsd ayy, °€ JqeY,

91



Joseph Omada, Emeka Chima Ogoko, Henrietta Kelle, Gideon Yomi

0T XTLT 0T XLT 0T XSTY 0T XS6S 0T XST6 0T X 8FL | 0Ll X959 01 XTOT 01 X¥ET 0T X611 IN
0T XFT 0T X 06T 40T X IST =0T X 09T 40T XT0'8 50T XTS6  +-0I X 1S9 Ol XSHT 01 X09'T Ol XSHT 1D
0T X ST 0l XSI'9 0T %XST - - - - - - - sy
01 XG0T 0T XTHE OIXTT +0IX96 0IX8TT O0IXTH OIXT6T OIXST OIXFI'T 0l XTET PO
0T X 0% xw.oow.ﬁ yOT X OF'T 0T XSS'8 0T XLT'T 0T X8I'6  +-0IXSOT 0T X666 Sl X8T8 0T XSS'8  qd
¢HY ZHY THg r4ll 11 7dds 1dds €MS TMS IAS  (1/8w)
uoﬁw?—uﬂzcuu Jajem ou&.«uﬂm —ﬁuuz

©aIe Apnas o1 woIj 197em Jo uonsaFur Y3noIyy s Yaeay urwny STUSZOUIdIED JO (YO)TT) YSH 19IUED SWHI] [BIUIWIIOY] £ IqE],

- 98'ST 65T€ | F60T | s6I'9 | 08L8 | TITI 9tTs | 9IFL | %099 | 8699 | OHX=IH
STHO | 9%0 | 06£0 | 9S¥0 | TTH0 | ISE0 | 9L€0 | 9TS0 | LIFO | 6450 | 9LE0 uN
¥200 0200 1200 8100  TI00 8200 1700  9%00 6100 1200  LI0O uz
HWM,H €HY THe THY (411 191 Tdas | 1dds | €MS NS | IAS | (1/3w)

Iyesmpunolrr) I9a1eMm ddeINg T3

92



Water quality and health risk assessment of metals

ACKNOWLEDGMENTS

The authors acknowledged the management of National Open University of Nigeria
for the approval of a Senate Research Grant that supported this research, and Abuja
Environmental Protection Board for valuable access to dumpsite.

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of interest: The authors declare no conflict of interest and have no any rel-
evant financial or non-financial interests to disclose.

Ethics approval: Not applicable.

Author Contributions: All authors contributed to the development, analysis, and
drafting of this article

REFERENCES

1. H.O. Sawyerr, A.T. Adeolu, A.S. Afolabi, O.O. Salami, B.K. Badmos, Impact of
dumpsites on the quality of soil and groundwater in satellite towns of the Fed-
eral Capital Territory, Abuja Nigeria, Journal Health and Pollution,7(14), 15-22
(2017). Doi: https://doi.org/10.5696/2156-9614-7.14.15

2. R. Bharose, B. Lal, Sudhir K Singh, P.X Srivastava, Heavy metals pollution in
soil-water-vegetation continuum irrigated with groundwater and untreated sew-

age, Bulletin of Environmental and Scientific Research, 2(1), 1-8 (2013). URL:
http://www.besr.org.in/index.php/besr/article/view/35

3. K.S. Rawat, S.K. Singh, Water quality indices and GIS-based evaluation of
decadal groundwater quality, Geology, Ecology, and Landscapes, 2(4), 240-255
(2018). Doi: https://doi.org/10.1080/24749508.2018.1452462

4. R.A. Wuana, EE. Okicimen, Heavy metals in contaminated soils: A review of
sources, chemistry, risks and best available strategies for remediation, Interna-

tional Scholarly Research Network, ISRN Ecology, 2011, 1D 402647 (2011). Doi:
https://doi.org/10.5402/2011/402647

93


https://doi.org/10.5696/2156-9614-7.14.15
http://www.besr.org.in/index.php/besr/article/view/35
https://doi.org/10.1080/24749508.2018.1452462
https://doi.org/10.5402/2011/402647

Joseph Omada, Emeka Chima Ogoko, Henrietta Kelle, Gideon Yomi

10.

11.

12.

13.

14.

94

K.A. Ayuba, L. Abd-Manaf, A.H. Sabrina, SW.N. Azmin, A review on munici-
pal solid waste Management in Nigeria, Journal of American Science, 8(12),
975-982 (2012). URL: https://www.jofamericanscience.org/journals/am-sci/
am0812/134_13610am0812_975_982.pdf

National Bureau of Statistics (NBS), Demographic Statistics Bulletin, 2020. URL:
https://nigerianstat.gov.ng/download/1241121

National Population Commission (NPC), Official release on 2019 population,
2020. URL: https://nationalpopulation.gov.ng/publications

E.C. Ogoko, D. Emeziem, C.I. Osu, Water quality characteristics of floodwater
from Aba metropolis, Nigeria, American Chemical Science Journal, 5(2), 174-
184 (2015). Doi: https://doi.org/10.9734/ACS]/2015/12649

Z.J. Nasir, $.5.D. Mohammed, G. Mangse, Some physical properties and bacterio-
logical evaluation of raw landfill leachate from Gosa Landfill in the Federal Capital
Territory, Abuja, Nigeria, Journal of Applied Science and Environmental Manage-
ment, 27(2), 381-387 (2023). Doi: https://doi.org/10.4314/jasem.v27i2.29

A K. Verma, D.N. Saksena, Assessment of water quality and pollution status of
Kalpi (Morar) River, Gwalior, Madhya Pradesh: with special reference to conser-
vation and management plan, Asian Journal of Experimental Biological Sciences,

1(2), 419-429 (2010).

M.B. Ogundiran, O. Osibanjo, Heavy metal concentrations in soils and accu-
mulation in plants growing in a deserted slag dumpsite in Nigeria, African Jour-
nal of Biotechnology, 7(17), 3053-3060 (2008). Doi: https://doi.org/10.5897/
AJB08.322

E.C. Ogoko, H.I. Kelle, Pollution status of solid waste disposal site in Owerri
municipal, International Journal of Basic Science and Technology, 6(1), 50-57
(2020).

E.C. Ogoko, H.I. Kelle, C.P. Njoku, Heavy metals contamination of solid waste
disposal sites in Umuahia, Abia State, Journal of Chemical Society of Nigeria,
46(6),978-984 (2021).

E.C. Ogoko, S.A. Onyemelukwe, H.I. Kelle, I. Iroegbulem, D. Emeziem, A.A
Fagbohun, Health risk assessment of heavy metals in drinking water from Iponri
water treatment plant, Lagos water corporation Nigeria, Ovidius University
Annals of Chemistry, 34(1), 41-49 (2023). Doi: hteps://doi.org/10.2478/auoc-
2023-0007


https://www.jofamericanscience.org/journals/am-sci/am0812/134_13610am0812_975_982.pdf
https://www.jofamericanscience.org/journals/am-sci/am0812/134_13610am0812_975_982.pdf
https://nigerianstat.gov.ng/download/1241121
https://nationalpopulation.gov.ng/publications
https://doi.org/10.9734/ACSJ/2015/12649
https://doi.org/10.4314/jasem.v27i2.29
https://doi.org/10.5897/AJB08.322
https://doi.org/10.5897/AJB08.322
https://doi.org/10.2478/auoc-2023-0007
https://doi.org/10.2478/auoc-2023-0007

Water quality and health risk assessment of metals

15.

16.

17.

18.

19.

20.

21.

22,

23.

O. Maxwell, H. Wagiran, Tectonic and radioactivity impacts of 238U on ground-
water-based drinking water at Gosa and Lugbe areas of Abuja, North Central
Nigeria, Journal of Nuclear Science and Technology, 52(12), 1496-1503 (2015).
Doi: https://doi.org/10.1080/00223131.2015.1015467

D.K. Boah, S.B. Twum, K.B. Pelig-Ba, Mathematical computation of water qual-
ity index of Vea Dam in upper east region of Ghana, Environmental Science,

3(1), 11-16 (2015). http://dx.doi.org/10.12988/es.2015.4116

US Environmental Protection Agency, Human Health Risk Assessment, USEPA,
Washington, D.C., 2014. URL: https://www.epa.gov/risk/human-health-risk-

assessment

A.O. Omali, J.T. Arogundade, D. Snow, Assessment of health risks associated
with contaminants in groundwater in the catchment area of selected dumpsites
in Abuja north central Nigeria, Discover Environment, 1,7 (2023). Doi: https://
doi.org/10.1007/s44274-023-00001-5

A.O. Akinpelu, O.0O. Oyewole, B.A. Adekanla, Body size perceptions and
weight status of adults in a Nigerian rural community, Annals of Medical and
Health Science, 5(5), 358-364 (2015). URL: https://www.ajol.info/index.php/
amhsr/article/view/122564

H.I Kelle, E.C. Ogoko, P.I. Udeozo, D. Achem, J.O. Otumala, Health risk
assessment of exposure to heavy metals in rice grown in Nigeria, Pacific Journal
of Science and Technology, 22(1), 262-273 (2021). URL: https://www.akamai.
university/uploads/1/2/7/7/127725089/pjst22_1_262.pdf

H.I. Kelle, E.C. Ogoko, J. K. Nduka, P.I. Udeozo, M.C. Ubani, Health risk
assessment of heavy metal exposures through edible clay from south-eastern and
south-southern Nigeria, Pacific Journal of Science and Technology, 23(1),113-123
(2022). URL: https://www.akamai.university/uploads/1/2/7/7/127725089/
pjst23_1_113.pdf

C.P. Gerba, Risk Assessment, in: M.L. Brusseau, LL. Pepper, C.P. Gerba (edi-

tors), Environmental and Pollution Science, Elsevier, Inc., Amsterdam, 2019.

A.A. Mohammadi, A. Zarei, S. Majidi, A. Ghaderpoury, Y. Hashempour, M.H.
Saghi, A. Alinejad, M. Yousefi, N. Hosseingholizadeh, M. Ghaderpoori, Carci-
nogenic and non-carcinogenic health risk assessment of heavy metals in drinking
water of Khorramabad, Iran, MethodsX, 6, 1642-1651 (2019). Doi: hteps://doi.
0rg/10.1016/j.mex.2019.07.017

95


https://doi.org/10.1080/00223131.2015.1015467
http://dx.doi.org/10.12988/es.2015.4116
https://www.epa.gov/risk/human-health-risk-assessment
https://www.epa.gov/risk/human-health-risk-assessment
https://doi.org/10.1007/s44274-023-00001-5
https://doi.org/10.1007/s44274-023-00001-5
https://www.ajol.info/index.php/amhsr/article/view/122564
https://www.ajol.info/index.php/amhsr/article/view/122564
https://www.akamai.university/uploads/1/2/7/7/127725089/pjst22_1_262.pdf
https://www.akamai.university/uploads/1/2/7/7/127725089/pjst22_1_262.pdf
https://www.akamai.university/uploads/1/2/7/7/127725089/pjst23_1_113.pdf
https://www.akamai.university/uploads/1/2/7/7/127725089/pjst23_1_113.pdf
https://doi.org/10.1016/j.mex.2019.07.017
https://doi.org/10.1016/j.mex.2019.07.017

Joseph Omada, Emeka Chima Ogoko, Henrietta Kelle, Gideon Yomi

24.

25.

26.

27.

28.

29.

30.

31

32.

96

The World Bank, Life expectancy at birth, and rotal (years) - Nigeria,2018. URL:
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=NG

C.C. Onoyima, W.A. Ibraheem, Assessment of water quality of shallow aquifer
resources of Agbabu, Ondo State, Nigeria, ChemSearch Journal, 12(2), 41-49
(2021). URL: https://www.ajol.info/index.php/csj/article/view/220156

American Public Health Association, American Water Works Association
and Water Environment Federation (APHA, AWWA and WEF), Standard
methods for the examination of water and wastewater, 20th ed., Washington,
D.C., 1998. URL: https://www.standardmethods.org/doi/epdf/10.2105/
SMWW.2882.180

L.A. Senior, Groundwater-Quality Assessment, Pike County, Pennsylvania, 2007,
U.S. Geological Survey Scientific Investigations Report 2009-5129, 2009. 64 p.
URL: https://pubs.usgs.gov/sir/2009/5129/pdf/sir2009-5129.pdf

E.C. Ogoko, O.S. Ajani, Investigation on the quality of water from Jabi Lake in
Abuja, Nigeria, Journal of Chemical Society of Nigeria, 45(5), 881-889 (2020).
Doi: https://doi.org/10.46602/jcsn.v45i5.514

B. Narayana, K. Sunil, A spectrophotometric method for the determination
of nitrite and nitrate, Ewrasian Journal of Analytical Chemistry, 4(2), 204-
214 (2009). URL: http://eurasianjournals.com/EJAC/index.php/¢j/article/
view/378

M.D. S2id, A.M. Mahmud, Spectrophotometric determination of nitrate and
phosphate levels in drinking water samples in the vicinity of irrigated farmlands
of Kura Town, Kano State — Nigeria, ChemSearch Journal, 4(1), 47-50 (2013).
URL: https://www.ajol.info/index.php/csj/article/view/115423

L.H.M. Carvalho, T. De Koe, P.B. Tavares, An improved molybdenum blue
method for simultaneous determination of inorganic phosphate and arsenate,
Ecotoxicology and Environmental Restoration, 1(1), 13-19 (1998).

S. Pradhan, M.R. Pokhrel, Spectrophotometric determination of phosphate in
sugarcane juice, fertilizer, detergent and water samples by molybdenum blue
method, Scientific World, 11(11), 58- 62 (2013). Doi: hteps://doi.org/10.3126/
sw.v11i11.9139


https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=NG
https://www.ajol.info/index.php/csj/article/view/220156
https://www.standardmethods.org/doi/epdf/10.2105/SMWW.2882.180
https://www.standardmethods.org/doi/epdf/10.2105/SMWW.2882.180
https://pubs.usgs.gov/sir/2009/5129/pdf/sir2009-5129.pdf
https://doi.org/10.46602/jcsn.v45i5.514
http://eurasianjournals.com/EJAC/index.php/ej/article/view/378
http://eurasianjournals.com/EJAC/index.php/ej/article/view/378
https://www.ajol.info/index.php/csj/article/view/115423
https://doi.org/10.3126/sw.v11i11.9139
https://doi.org/10.3126/sw.v11i11.9139

Water quality and health risk assessment of metals

33.

34.

35.

36.

37.

38.

39.

40.

M. Shukla, S. Arya, Determination of chloride ion (Cl') concentration in Ganga
River water by Mohr method at Kanpur, India, Green Chemistry and Technology
Letters, 4(1), 06-08 (2018). Doi: https://doi.org/10.18510/gctl.2018.412

AOAC International, Official Methods of Analysis, 21st ed., Official Method
2015.06, AOAC International, Rockville MD, USA, 2015. URL: https://www.

aoac.org/resources/oflicial-methods-of-analysis-revisions-to-21st-edition/

World Health Organization, Guidelines for Drinking-water Quality, 4th ed.,
WHO Library Cataloguing-in-Publication Data, Geneva, Switzerland, 2011.
URL: https://iris.who.int/bitstream/handle/10665/44584/9789241548151 _
eng.pdf ?sequence=1

E.O. Longe, M.R. Balogun, Groundwater quality assessment near a municipal
landfill, Lagos, Nigeria, Research Journal of Applied Sciences, Engineering and
Technology, 2(1), 39-44 (2010). URL: hetps://www.maxwellsci.com/print/rja-
set/v2-39-44.pdf

L.O. Saheed, S.O. Azeez, A.A. Jimoh, V.A. Obaro, S.A. Adepoju, Assessment of
some heavy metals concentrations in soil and groundwater around refuse dump-
site in Ibadan metropolis Nigeria, Nigerian Journal of Technology, 39(1), 301-
305 (2020). Doi: https://doi.org/10.4314/njtv39i1.33

D.C. Ozoko, LL. Onyekwelu, O.P. Aghamelu, Multivariate and health risks
analysis of heavy metals in natural water sources around Enugu dumpsite,
southeastern Nigeria, Applied Water Science, 12, 224 (2022). Doi: https://doi.
org/10.1007/s13201-022-01746-9

World Health Organization, Guidelines for drinking-water quality, 3th ed.
Incorporating the first and second addenda, Volume 1. Recommendations,
Geneva, Switzerland, 2008. URL: https://iris.who.int/bitstream/han-
dle/10665/204411/9789241547611_eng.pdf 2sequence=1

O.A. Charles, O.A. Olabanji, A.J. Abimbola, A.O. Olamide, Assessing the effect
of adumpsite on groundwater quality: A case study of Aduramigba Estate within
Osogbo Metropolis, Journal of Environment and Earth Science, 3(1), 120-130
(2013). URL: https://www.iiste.org/Journals/index.php/JEES/article/view-
File/4014/4067

97


https://doi.org/10.18510/gctl.2018.412
https://www.aoac.org/resources/official-methods-of-analysis-revisions-to-21st-edition/
https://www.aoac.org/resources/official-methods-of-analysis-revisions-to-21st-edition/
https://iris.who.int/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://www.maxwellsci.com/print/rjaset/v2-39-44.pdf
https://www.maxwellsci.com/print/rjaset/v2-39-44.pdf
https://doi.org/10.4314/njt.v39i1.33
https://doi.org/10.1007/s13201-022-01746-9
https://doi.org/10.1007/s13201-022-01746-9
https://iris.who.int/bitstream/handle/10665/204411/9789241547611_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/204411/9789241547611_eng.pdf?sequence=1
https://www.iiste.org/Journals/index.php/JEES/article/viewFile/4014/4067
https://www.iiste.org/Journals/index.php/JEES/article/viewFile/4014/4067

Joseph Omada, Emeka Chima Ogoko, Henrietta Kelle, Gideon Yomi

41.

42.

43

44.

45.

46.

47.

48.

98

E.C. Ogoko, E. Donald, Water quality characteristics of surface water and accu-
mulation of heavy metals in sediments and fish of Imo River, Imo State, Journal
of Chemical Society of Nigeria, 43(4), 713-720 (2018). URL: https://journals.
chemsociety.org.ng/index.php/jesn/article/view/213

World Health Organization, Guidelines for drinking-water quality, fourth edition,
incorporating the first addendum, Geneva, Switzerland, 2011. URL: https://
www.who.int/publications/i/item/9789241549950

Technical Committee for Standard for Drinking Water Quality, Nigerian Stan-
dard for Drinking Water Quality (NSDWQ), Nigerian Industrial Standard
NIS 554, Standard Organization of Nigeria, 2015. 28 p. URL: https://africa-
check.org/sites/default/files/Nigerian-Standard-for-Drinking-Water-Quality-
NIS-554-2015.pdf

O.K. Adeyemo, 1.O. Ayodeji, C.O. Aiki-Raji, The water quality and sanitary
conditions in a major Abbatoir (Bodija) in Ibadan-Nigeria, African Journal of
Biomedical Research, 1(1-2), 51-55 (2002). URL: https://www.ajol.info/index.
php/ajbr/article/view/53976

B.A. Adelekan, K.D. Abegunde, Heavy metals contamination of soil and ground-
water at automobile mechanic villages in Ibadan-Nigeria, International Journal
of the Physical Sciences, 6(5), 1045-1058 (2011). URL: https://academicjour-
nals.org/journal/IJPS/article-full-text-pdf/E2C345627083

FAO/WHO, Report of the 33rd Session of the Codex Committee on Food Addi-
tives and Contaminants, Joint Codex Alimentarius Commission, FAO/WHO
Food Standards Program, ALINORM 01/12A, 2001. 300 p. URL: https://
www.fao.org/input/download/report/27/Al0112Ae.pdf

International Agency Research Cancer, LIRC Monographs on the Identification
of Carcinogenic Hazards to Humans, Volumes 1-125,2012. URL: https://mono-
graphs.iarc.who.int/agents-classified-by-the-iarc/

LT. Enitan, A.M. Enitan, J.O. Odiyo, M.M. Alhassan, Human health risk assess-
ment of trace metals in surface water due to leachate from the municipal dumpsite

by Pollution Index: A case study from Ndawuse River, Abuja, Nigeria, Open Chem-
istry, 16(1),214-227 (2018). Doi: https://doi.org/10.1515/chem-2018-0008


https://journals.chemsociety.org.ng/index.php/jcsn/article/view/213
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/213
https://www.who.int/publications/i/item/9789241549950
https://www.who.int/publications/i/item/9789241549950
https://africacheck.org/sites/default/files/Nigerian-Standard-for-Drinking-Water-Quality-NIS-554-2015.pdf
https://africacheck.org/sites/default/files/Nigerian-Standard-for-Drinking-Water-Quality-NIS-554-2015.pdf
https://africacheck.org/sites/default/files/Nigerian-Standard-for-Drinking-Water-Quality-NIS-554-2015.pdf
https://www.ajol.info/index.php/ajbr/article/view/53976
https://www.ajol.info/index.php/ajbr/article/view/53976
https://academicjournals.org/journal/IJPS/article-full-text-pdf/E2C345627083
https://academicjournals.org/journal/IJPS/article-full-text-pdf/E2C345627083
https://www.fao.org/input/download/report/27/Al0112Ae.pdf
https://www.fao.org/input/download/report/27/Al0112Ae.pdf
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://doi.org/10.1515/chem-2018-0008

Water quality and health risk assessment of metals

49.

50.

SI.

52.

53.

54.

55.

Minister of Health of Canada, Guidelines for Canadian Drinking Water Qual-
ity: Guideline Technical Document — Nitrate and Nitrite, Ottawa, Ontario,
Canada, 2013. URL: https://www.canada.ca/content/dam/canada/health-can-
ada/migration/healthy-canadians/publications/healthy-living-vie-saine/water-
nitrate-nitrite-eau/alt/water-nitrate-nitrite-eau-eng.pdf

A.O. Majolagbe, A.A. Kasali, L.O. Ghaniyu, Quality assessment of groundwater
in the vicinity of dumpsites in Ifo and Lagos, southwestern Nigeria, Advances in
Applied Science Research, 2(1),289-298 (2011). URL: https://www.primeschol-
ars.com/articles/quality-assessment-of-groundwater-in-the-vicinity-of-dump-
sites-in-ifo-and-lagos-southwestern-nigeria.pdf nigeria.pdf

C.I. Osu, E.C. Ogoko, Concentration levels of physicochemical parameters,
nitrate and nitrite anions of flood waters from selected areas in Port-Harcourt
metropolis, Nigeria, Journal of Applied Sciences in Environmental Sanitation,
7(2), 147-152 (2012).

International Programme on Chemical Safety, WHO Human Health
Risk Assessment Toolkit: Chemical Hazards, International programme on
chemical safety (Harmonization project document No. 8), World Health
Organization, Geneva, 2010. p. 4. URL: https://iris.who.int/bitstream/han-
dle/10665/44458/9789241548076_eng.pdf 2sequence=1

US Environmental Protection Agency, Risk Assessment Guidance for Superfund,
Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for
Inhalation Risk Assessment), Report EPA-540-R-070-002, USEPA, Washington,
D.C.,2009. URL: https://semspub.epa.gov/work/HQ/140530.pdf

M.A. Lushenko, A risk assessment for the ingestion of toxic chemicals in fish from
Imperial Beach, M.Sc. thesis, San Diego State University, California, 2010. 211
p. URL: hteps://digitalcollections.sdsu.edu/do/13ade1b1-b750-432d-94d8-
9c1f7ad51c84#page/10/mode/2up

O.B. Bassey, L.O. Chukwu, Health risk assessment of heavy metals in fish
(Chrysichthys nigrodigitatus) from two lagoons in south-western Nige-
tia, Journal of Toxicology Risk Assessment, 5(2), 27 (2019). Doi: hteps://doi.
org/10.23937/2572-4061.1510027

99


https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-canadians/publications/healthy-living-vie-saine/water-nitrate-nitrite-eau/alt/water-nitrate-nitrite-eau-eng.pdf
https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-canadians/publications/healthy-living-vie-saine/water-nitrate-nitrite-eau/alt/water-nitrate-nitrite-eau-eng.pdf
https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-canadians/publications/healthy-living-vie-saine/water-nitrate-nitrite-eau/alt/water-nitrate-nitrite-eau-eng.pdf
https://www.primescholars.com/articles/quality-assessment-of-groundwater-in-the-vicinity-of-dumpsites-in-ifo-and-lagos-southwestern-nigeria.pdf nigeria.pdf
https://www.primescholars.com/articles/quality-assessment-of-groundwater-in-the-vicinity-of-dumpsites-in-ifo-and-lagos-southwestern-nigeria.pdf nigeria.pdf
https://www.primescholars.com/articles/quality-assessment-of-groundwater-in-the-vicinity-of-dumpsites-in-ifo-and-lagos-southwestern-nigeria.pdf nigeria.pdf
https://iris.who.int/bitstream/handle/10665/44458/9789241548076_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/44458/9789241548076_eng.pdf?sequence=1
https://semspub.epa.gov/work/HQ/140530.pdf
http://M.Sc
https://digitalcollections.sdsu.edu/do/13ade1b1-b750-432d-94d8-9c1f7ad51c84#page/10/mode/2up
https://digitalcollections.sdsu.edu/do/13ade1b1-b750-432d-94d8-9c1f7ad51c84#page/10/mode/2up
https://doi.org/10.23937/2572-4061.1510027
https://doi.org/10.23937/2572-4061.1510027

Joseph Omada, Emeka Chima Ogoko, Henrietta Kelle, Gideon Yomi

How TO CITE THIS ARTICLE

J. Omada, E.C. Ogoko, H. Kelle, G. Yomi, Water quality and health risk assessment of
metals within the vicinity of Gosa dumpsite, Abuja Nigeria, Rev. Colomb. Cienc. Quim.
Farm.,53(1), 67-100 (2024). https://doi.org/10.15446/rcciquifav53n1.110647

100


https://doi.org/10.15446/rcciquifa.v53n1.110647

	_heading=h.gjdgxs
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.4d34og8
	_heading=h.2s8eyo1
	_heading=h.17dp8vu
	_heading=h.3rdcrjn
	_heading=h.26in1rg
	_heading=h.lnxbz9
	_heading=h.35nkun2
	_heading=h.1ksv4uv
	_heading=h.2jxsxqh
	_heading=h.z337ya
	_heading=h.3j2qqm3
	_heading=h.1y810tw
	_heading=h.2xcytpi
	_heading=h.1ci93xb
	_heading=h.3whwml4
	_heading=h.qsh70q
	_heading=h.3as4poj
	_heading=h.1pxezwc
	_heading=h.49x2ik5
	_heading=h.2p2csry

