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This study assessed the concentration of some heavy metals such
as Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu),
and Lead (Pd) in river water and sediment samples in Gashua
town, Yobe State, Nigeria. An Atomic Absorption Spectroscopy
(AAS) machine was used to measure these concentrations during
dry and wet seasons. The results show that As was not detected in
any of the samples tested in both seasons. The highest
concentrations of Cd, Cu, Cr and Pd were 0.012 ± 0.008, 0.245 ±
0.027, 0.044 ± 0.012, and 0.070 ± 0.009 µg mL-1 respectively for
dry season, and 0.076 ± 0.034, 0.257 ± 0.023, 0.055 ± 0.005, and
0.092 ± 0.022 µg mL-1 respectively for the wet season. The
sediment samples also showed no trace of As while Cd, Cr, Cu
and Pb concentration increased with depth. Among the metals,
Cu and Pb were found to be highly concentrated in the sediment
but lower than the WHO recommended values. Therefore, there
is positive correlation between the sediments and water samples.
It is evident that Gashua town could be exposed to the cumulative
effects of elevated levels of heavy metals associated with
agricultural activities and disposal of domestic sewage around
the river. This research will be useful in the management and
planning for the protection of this river water and sediment.
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1. INTRODUCTION
Chronic kidney disease (CKD), also known as chronic renal disease, is a condition that is characterized by a
gradual loss of kidney function over time which could progressed to kidney failure (Williams et al., 2013).
CKD is a quiet disease because it does not have noticeable signs and symptoms that are apparent to the
patient at the early stage of the disease. Studies in some parts of Nigeria indicated that 10 people out of every
100 will have CKD, and in some parts, one out of every five people will have CKD at some point in life
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(Bamgboye et al., 1993). The rate of CKD prevalence in Nigeria is between 8% and 45% depending on the
region and population that was studied (Alebiosu and Ayodele, 2005).
Several environmental risk factors have been recognized globally as probable causes of CKD, namely
exposure to heavy metals (Arsenic (As), Cadmium (Cd), chromium (Cr), copper (Cu), and lead (Pb)),
agrochemicals, and nephrotoxic substances (Pritchard, 2007). Chronic exposure in drinking water has been
reported as a primary cause for CKD in Bangladesh, Taiwan and India (Pritchard, 2007). As, Cd, Cr, Cu,
and Pb are some of the heavy metals that occur naturally in the environment. Increased industrial and human
activities have contributed significantly to the dispersal of these heavy metals (UNEP, 2010). Most metals
are known to have some toxic effect on human health having both acute and chronic effects. As the metals
are nephrotoxic (poisonous to kidney) and accumulate in the kidney, the concentrations in kidney cortex are
of particular interest (Lentini et al., 2017). However, kidney biopsies from human beings are seldom
available because of the risks associated with the procedure, and therefore most of the previous knowledge
on metal concentrations in the kidney comes from autopsy studies (Bahemann-Hoffmeister et al., 1988;
Waikar and McMahon, 2018).
The contamination of water and sediment by heavy metals is a global environmental issue of concern. It
occurs in the environment through various pathways due to natural and anthropogenic activities (Wilson and
Pyatt, 2007). The concentration of heavy metals in water sources (river, stream, well and boreholes) has
attracted attention from scholars due to its health implications on man. Heavy metals are priority toxic
pollutants that severely limit the beneficial use of water for domestic or industrial applications (Nouri et al.,
2006). Industries such as ceramic, painting, glass, mining and battery production are considered the main
sources of heavy metals in local water streams, which eventually contaminate groundwater with heavy
metals (Lokeshwari et al., 2006). Landfill leachate site is another source of heavy metal contamination in
groundwater (Sang et al., 2008). Therefore, the study presented here aimed to determine the presence of
some heavy metal concentrations in river water and sediment samples in Gashua town and then look at its
relationship with chronic kidney disease.

2. MATERIALS AND METHODS
2.1. Description of the Study Area
Gashua is a community in Yobe State, North-Eastern Nigeria with coordinates 12052’5”N and 1102’47”E,
and average elevation of about 299 mm (Saleh and Ahmed, 2019). The town is located a few kilometres
below the convergence of the Hadejia and Jama’are Rivers downstream of the Hadejia – Nguru Wetlands
(Ibrahim et al., 2016). According to the 2006 census, the town has a population of about 12500 (Saleh and
Ahmed, 2019)

2.2. Reagents and Chemicals
Laboratory grade reagents and chemicals were used in the study. Deionized water was used for all
preparation and dilution purposes throughout the study. Nitric acid, HNO3 (Spectrosol®, England) (69%),
Potassium chloride, KCl (0.01 N), Hydrogen peroxide, H2O2 (30%) (Spectrosol®, BDH, England) and
hydrochloric acid HCl, (36%) were used for sample digestion. Working standards of 1000 ppm was prepared
for selected heavy metals (As, Cd, Cr, Cu, and Pb).
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2.3. Sample Collection
2.3.1. Water sampling
Representative water samples were collected in February, (2018) for dry season and in August, (2018) for
wet season. This was done randomly within 50 m distance. A 50 cm depth was considered in order to exclude
the dust materials. And 1Lwater sampling polyethylene bottle were used to collect surface water from the
different sites. All sampling bottles were cleaned with detergents before use. During the sampling period,
the bottles were rinsed with the river water three times before sample collection. Finally, a composite sample
of the water was collected for digestion process. Samples were placed in icebox and transported to the
laboratory for the analysis.

2.3.2. Sediment sampling and drying
The sediment samples were collected from Gashua River at the different locations (A to E) and stored in a
pre-cleaned polythene bag and air dried for three days at room temperature of 25 °C and then sieved for
further digestion process. For determining the relationship between grain size and metal contents, the
sediment samples were fractionated into two sizes (fine and coarse) by nest of sieves.

2.4. Digestion of Water Samples
The composite water samples were digested according to United State Environmental Protection Agency,
(USEPA 2011). A 50 mL aliquots of well mixed water samples were digested in a beaker covered with a
watch glass by adding 1 mL of concentrated (69-72%) trioxonitrate (v) acid (HNO3) and 2.5 mL of
concentrated (30%) HCl. Samples were heated on a hot plate at 90 oC. Each of the digested water samples
were filtered through Whatman filter paper No. 42 in to a 100 ml volumetric flask.

2.5. Digestion of Sediment Samples
After air drying the sediment samples for 3 days and sieved, samples were ground into smaller particles.
Thus, 2 g of the sediment sample was weighed and poured into a beaker where 5 ml of HNO3 was added
together with 2 ml of perchloric acid (HClO4). Thereafter, 5 ml of hydrogen fluoride (HF) was added and
the mixture was heated for 1 hour at 160 °C. After the digestion, the sample was allowed to cool and then
filtered. The filtrate was then transferred into 100 ml volumetric flask and made up to mark of 100 ml with
distilled water. The prepared sample solution was transferred into the pre-cleaned labelled sample bottles in
readiness for Atomic Adsorption Spectrometer (AAS) analysis (USEPA 2011).

2.6. Heavy Metal Extraction
After calibration of the instrument, the samples were aspirated into the AAS instrument following standard
method (APHA, 1999). The concentrations of As, Cd, Cr, Cu, and Pb in the extracted water and sediment
samples were estimated by AAS. The instrument used was fully automated PC-controlled double-beam Buck
Scientific Model 210VGP flame atomic absorption spectrometer with fast sequential operation for fast multi
element air acetylene flame.

69
U. Yuguda et al. / Nigerian Research Journal of Engineering and Environmental Sciences
5(1) 2020 pp. 66-74

2.7. Statistical Analysis
Analysis of variance (ANOVA) was used to examine the significance level of all parameters measured using
Microsoft Office Excel 2007. The level of significance for the t-test and mean comparison was at p<0.05.

3. RESULTS AND DISCUSSION
3.1. Heavy Metals Concentrations in Water Samples
The results show that As was not detected in any of the samples tested in both seasons. The mean
concentration of Cd in the river water was 0.009±0.005 to 0.012 ± 0.008 and 0.043 ± 0.022 to 0.076 ± 0.034
µg mL-1 in dry and wet seasons respectively as presented in Table 1. Higher concentration (0.076 ± 0.034
µg mL-1) of Cd was recorded at point B for wet season. The concentration exceeded the admissible limit
(0.05 µg mL-1) set by WHO (2008). The lowest concentration of Cd (0.009±0.005 µg mL-1) was recorded at
point A, for dry season. The difference may be due to the high agricultural activity around the river in wet
the season. This was similar to a research conducted by Belay and Eshete (2014). It could be possible that
the high level of Cd contamination is because of organic fertilizer and environmental pollution in the study
area. Previously, studies have shown that the concentration of metals in water bodies were higher than the
recommended concentrations (Davies et al., 2009; Rauf et al., 2009; Vicente-Martorell et al., 2009).

Site
A
B
C

Table 1: Concentration of heavy metals in water sample
Dry season concentration (µg mL-1)
As
Cd
Cr
Cu
Pb
0.00 0.009±0.005 0.037±0.003 0.245±0.027 0.067±0.011
0.00 0.012±0.008 0.044±0.012 0.144±0.012 0.070±0.009
0.00

0.011±0.010

0.039±0.007

0.219±0.012

0.067±0.020

-1

A

0.00

Wet season concentration (µg mL )
0.052±0.021 0.053±0.003 0.257±0.023

0.086±0.005

B

0.00

0.076±0.034

0.039±0.011

0.238±0.080

0.083±0.014

C

0.00

0.057±0.028

0.055±0.005

0.220±0.012

0.089±0.030

D

0.00

0.038±0.018

0.041±0.008

0.257±0.023

0.092±0.022

E

0.00

0.043±0.022

0.037±0.000

0.232±0.063

0.089±0.028

From Table 1, it was observed that the concentration of Cu in the river ranged from 0.144 ± 0.012 to 0.245
± 0.027 and 0.220 ± 0.012 to 0.257 ± 0.023 µg mL-1 in dry and wet seasons respectively. A higher
concentration of Cu was noted (0.257 ± 0.023 µg mL-1) at points D for wet season, and the lowest
concentration (0.144 ± 0.012 µg mL-1) at point B for dry season, which is far below the allowable limit set
by WHO (2008). The higher level of Cu in the river could be attributed to the water drained via metal scrape
yard from nearby the area as described by Chukwu et al. (2017).
Furthermore, Table 1 shows that the mean concentration of Cr varies from 0.037 ± 0.003 to 0.044 ± 0.012
and 0.037 ± 0.000 to 0.055 ± 0.005 µg mL-1 for dry and wet seasons respectively. The highest concentration
of Cr (0.055 ± 0.005 µg mL-1) was observed at point C for wet season, which was found above WHO (2008)
standards. The study revealed that the river water is been contaminated with heavy metals, and this might be
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of artificial origin due mainly to agricultural influx, wastes from farms or sewage via surrounding cultivated
lands (Saleh and Ahmad, 2019).
The distribution pattern of Pb concentration in the river sample ranged from 0.067 ± 0.011 to 0.070 ± 0.009
µg mL-1 and 0.083 ± 0.014 to 0.092 ± 0.022 µg mL-1 in dry and wet season respectively. The concentrations
of Pb in this study were below WHO (2008) stipulated standards. The presence of Pb below acceptable limits
may not create an upsetting situation for aquatic lives and agricultural practices. The wet season had the
highest concentration of Pb, these values could be attributed to the fact that the major sources of Pb in the
environment are automobile exhaust, industrial wastewater, wastewater sludge and pesticides Salamatu et al.
(2019).
It is clear from Table 1 that the concentrations Cd and Cr in water samples of the two seasons were above
the permissible limits as stipulated by WHO (2008). This might be an indication of human pollution in the
area.
The correlation values of the metals with respect to the seasons showed a positive correlation in the levels
of Cd and Cu and a negative correlation for Cr and Pb, while strongly correlated for the sediments as
presented in Table 2. These results indicated that there was some original relationship between heavy metals,
and revealed probable water and sediment, by heavy metal sources such as anthropogenic and lithogenic
(Islam et al., 2016a,b).
Elements
Seasonal variation of water
Coarse and fine sediment

Table 2: Water and sediment correlations
As
Cd
Cr
Cu
0.00
0.990343 -0.94771 0.237812
0.00
0.974772 0.998259 0.999874

Pb
-0.89469
0.999921

3.2. Concentration of Heavy Metals in Sediment Samples
The heavy metal contents were determined in each size fraction (fine and coarse) and presented in Figures 1
and 2 for fine and coarse sediment respectively. As was not found in both sediment samples. The highest
concentration of Cd in both sediments was found at point B and the lowest at point A. Thus, with the
concentration of Cd at point B above the permissible limit of WHO standards (WHO, 2008). The high level
of Cd in sediments at point B could be attributed to the industrial and agricultural discharge around the river.
Similarly, concentrations of Cu and Pd were found to be higher at points A and D for fine and coarse
sediments respectively.
The results obtained showed that concentration of heavy metals in fine sediment are lower compared to
coarse sediments. The essential factors influencing the heavy metal contents in sediments include the
physical and chemical properties (grain size, surface to volume ratio, heavy metal contents of the main
geochemistry phase), in which grain size is a main control parameters (Salomons, 1984).Some studies have
indicated that coarse particles show a similar or even higher heavy metal concentrations than finer ones and
the presence of coarse particles are possibly responsible for higher metal content in the coarse size fractions
(Tessier, 1982; Singh, 1999).
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Figure 1: Heavy metal concentration in fine sediment
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Figure 2: Heavy metal concentration in coarse sediment

3.3. Comparison of Heavy Metals in Sediment and Water
In order to compare the concentrations of As, Cd, Cr, Cu and Pb in the sediment (fine and coarse) and the
river water. A paired sample t-test was conducted to determine whether there was any significant difference
in the heavy metal concentrations found in water and sediment (fine and coarse).
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Figure 3: Heavy metal concentration in water and fine sediment
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Figure 4: Heavy metal Concentration in water and coarse sediment

The difference in concentration between the fine and coarse sediment for Cd (0.134, 0.075 µg g-1), Pb (0.165,
0.141 µg g-1), Cr (0.055, 0.055 µg g-1), and Cu (0.215, 0.241 µg g-1) are less than the t-test critical value
(3.182) at p ≤ 0.05 and 95% confidence level. This test showed that there was no significant difference in all
the concentrations of the metals in water and sediment in both fine and coarse. The analysis show that Cu
concentration was high in both sediments and water at fine and coarse followed by the Pb concentration at
the sampling points as shown in Figures 3 and 4. In general term, heavy metal concentrations were higher in
sediments than in the case of water. This indicates that sediments are better absorber of metals than water
(Asmah 2000). Among the metals, Cd and Cr concentrations were lower in water than Pb and Cu
concentration. Thus, these concentrations were lower than the recommended value of WHO (2008), and
therefore it could not pose risk to the consumers.

4. CONCLUSION
An attempt was made to determine the presence of heavy metals (As, Cd, Cr, Cu and Pb) in river water and
sediment samples in Gashua, Yobe State, Nigeria. Metal uptake and accumulation has a direct link with the
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water and sediment. It was generally observed that heavy metals were more concentrated in the sediment
than river water. The measured concentrations of Cu, Pb, Cd and Cr are higher in sediment than water.
Seasonal variation was notable, indicating higher concentrations in wet season than in the dry season.
However, Cd and Cr concentrations for both seasons were above the permissible limits stipulated by WHO
(2008). This might be an indication of human pollution in the area such as agricultural influx, wastes from
farms or sewage via surrounding cultivated lands. Heavy metal content determination in different fractions
of the sediment collected by points from Gashua river we have discovered the following regularities. Heavy
metals accumulate equally on the particles or there is a tendency associated with increasing metal content as
far as increasing particle size. Coarse fractions of the sediments most content heavy metals. To confirm
observed peculiarities related to metal distribution depending on particle size correlation analysis were used.
Water and sediment correlation analysis has shown the existence of high correlation between heavy metals.
The values for heavy metals indicate increasing trend from water to sediment. There is need for continuous
monitoring of the trace metal concentrations in Gashua river, because the river is serving as source of water
for irrigation and fishing for the local inhabitants. However, further research is necessary to make a pathway
to reduce the metal pollution level of the Gashua River.

5. ACKNOWLEDGMENT
The authors wish to acknowledge the assistance and contributions of the laboratory staff of Department of
Chemistry, Yobe State University and Department of Civil and Water Resources Engineering, University of
Maiduguri toward the success of this work.

6. CONFLICT OF INTEREST
There is no conflict of interest associated with this work.

REFERENCES
Alebiosu, C. O. and Ayodele, O.E. (2005). The global burden of chronic kidney disease and the way forward.
Ethnicity and disease, 15(3), pp. 418-23.
American Public Health Association. (1999). Standard Methods of the Examination of Water and Wastewater
(20thed.). New York, USA.
Asmah, R. H. (2000). Heavy Metal Partitioning in the Scheldt Estuary: Implications for Metal Bioavailability to Filter
Feeding Mussels (Mytillusedulis), M.Sc Thesis, RUCA. Brussel, p. 59.
Bahemann-Hoffmeister, A., Kessel, R., Bencze, K. and Tewordt, M. (1988). Lead concentrations in human tissues
with regard to habits and occupational exposure. ZblArbeitsmed, 38, pp. 30-35.
Bamgboye, E. L., Mabayoje, M. O., Odutola, T. A. and Mabadeje, A. F. B. (1993). Acute renal failure at the Lagos
University Teaching Hospital: a 10-year review. Renal Failure, 15(1), pp. 77–80.
Belay, T. and Eshete, A. (2014). Detection of copper and zinc in water of Lake Chamo, Arba Minch Ethiopia. World
Journal of Chemical Education, 2(3), pp. 42-47.
Chukwu, V.N., Anoliefo, G.O. and Ikhajiagbe, B. (2017). Assessment of Plant Species Distribution Within Scrap
Metal Dump Sites in Benin City, Nigeria. Nigerian Research Journal of Engineering and Environmental Sciences,
2(2), pp. 305-314.
Davies, O., Allison, M. and Uyi, H. (2009). Bioaccumulation of heavy metals in water, sediment and periwinkle
(Tympanotonus fuscatus var radula) from the Elechi Creek, Niger Delta. African Journal of Biotechnology, 5(10), pp.
968–973.
Ibrahim, U. A., Yadima, S. G. and Alkali, A. N. (2016). Flood Frequency Analysis at Hadejia River in Hadejia –
Jama’are River Basin, Nigeria. Civil and Environmental Research, 8(9), pp. 124-131.
Islam, M. S., Bhuiyan, M. S., Rume, T. and Mohinuzzaman, M. (2016a). Assessing heavy metal contamination in the
bottom sediments of Shitalakhya River, Bangladesh; using pollution evaluation indices and geospatial analysis.
Pollution, 2, pp. 299–312

74
U. Yuguda et al. / Nigerian Research Journal of Engineering and Environmental Sciences
5(1) 2020 pp. 66-74
Islam, M. S., Bhuyan, M. S., Monwar, M. M. and Akhtar, A. (2016b). Some health hazard metals in commercially
important coastal Molluscan species in Bangladesh. Bangladesh. Journal of Zoology 44: pp. 123–131
Lentini, P., Zanoli, L., Granata, A., Signorelli, S. S., Castellino, P. and Dell'Aquila, R. (2017). Kidney and heavy
metals - The role of environmental exposure (Review). Molecular Medicine Reports, 15, pp. 3413-3419.
Lokeshwari, H. and Chandrappa, G. T. 2006. Impact of heavy metal contamination of Bellandur Lake on soil and
cultivated vegetation. Journal of Current Science, 91(5), pp. 622-627.
Nouri, J., Mahvi, A. H., Babaei, A.A., Jahed, G. R. and Ahmadpour, E. (2006). Investigation of Heavy Metals in
Groundwater. Pakistan. Journal of Biological sciences, 9(3), pp. 377- 384.
Pritchard, J. D. (2007). Arsenic Toxicological Overview, Version 2. Chilton, Oxfordshire: Health Protection Agency,
UK.
Rauf, A., Javed, M., Ubaidullah, M. and Abdullah, S. (2009). Assessment of heavy metals in sediments of the river
Ravi, Pakistan. International. Journal of Agriculture and Biology, 11(2), pp. 197–200.
Saleh, A. and Ahmed, A. (2019). Solid Waste Management Practice and Challenges in Gashua, Yobe State, Nigeria.
Nigerian Journal of Environmental Sciences and Technology, 3(2), pp. 298-303.
Salamatu, A., Amshi, I.I. and Aliyu, A. (2019). Chronic Kidney Disease Associated With Heavy Metals (Cr, Pb, Cd)
Analyzed From Irrigation Water of Gashua, Yobe, Nigeria. IOSR Journal of Applied Chemistry (IOSR-JAC), 12(5),
pp. 43-48
Salomons, W. and Forstner, U. (1984) Metals in hydrocycle. Springer, Berlin Heidelberg New York, pp 349
Sang, Y., Fasheng, L., Qingbao, G., Cunzhen, L., and Jiaqing, C. (2008). Heavy metal Contaminated groundwater
treatment by a novel nanofiber membrane. Desalination, 223(1-3), pp. 349-360.
Singh, A. K., Hasnain, S. I., Banerjee, D. K. (1999) Grain size geochemical partitioning of heavy metals in sediments
of the Damodar River-a tributary of the lower Ganga, India. Environmental Geology, 39(1), pp. 90–98
Tessier, A., Campbell, P. G. C., and Bisson, M. (1982). Particulate trace metal speciation in stream sediments and
relationships with grain size: implications for geochemical exploration. Journal of Geochemical Exploration, 16, pp.
77–104
United Nations Environment Programme (UNEP) (2010). Final review of scientific information on lead: Version of
December, DTIE, USA.
USEPA (United State Environmental Protection Agency). (2011). Drinking water quality, Heavy metals, Maximum
admissible limit, 3, pp. 105-121.
Vicente-Martorell, J. J., Galindo-Riaño, M. D., García-Vargas, M. and Granado-Castro, M. D. (2009). Bioavailability
of heavy metals monitoring water, sediments and fish species from a polluted estuary. Journal of Hazardous
Materials, 162(2-3), pp. 823–36.
Waikar, S. S. and McMahon, G. M. (2018). Expanding the Role for Kidney Biopsies in Acute Kidney Injury.
Seminars in nephrology, 38(1), pp. 12–20.
World Health Organisation (WHO). (2008). Guidelines for drinking water quality. 3rd edition. Recommendations.
World Health Organisation Press, World Health Organisation, Geneva, Switzerland, 1: pp. 1- 459.
Williams, U. E., Owolabi, M. O., Ogunniyi, A. and Ezunu, E. O. (2013). Prevalence and Pattern of Neurocognitive
Impairment in Nigerains with stages 3 to 5 Chronic Kidney Disease. ISRN Neurology, 2013, pp. 1-6.
Wilson, B. and Pyatt, F. B. (2007) Heavy metal dispersion, persistence, and bioaccumulation around an ancient copper
mine situated in Anglesey, UK. Ecotoxicology and environmental safety, 66(2), pp. 224-231.

