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ABSTRACT

The water in the Jakara River is a blend of domestic sewage from the north and central parts of the Kano
metropolis and industrial effluent from the Bompai Industrial Estate. The wastewater in the river is the main
source of irrigation water used by urban farmers in the city. Wastewater contaminated with heavy metals can
be of public health concern when used for irrigation. The increasing concentration of several metals in soil and
waters due to the Industrial Revolution has created an alarming situation for human life and aquatic biota. The
study aims to determine the effect of season and location on the concentrations of Pb, Cd, Ni, Co, Cr and Hg
in the irrigation water from the Jakara River. Water samples were collected from three locations monthly for
12 months from January to December 2022. The water samples were digested and subjected to heavy metals
analysis using an atomic absorption spectrophotometer. Results of irrigation water analysis show that Pb and
Cr are present in all the 36 samples taken during the study period. Co and Hg were not detected in all the
samples taken during this period. Cd and Ni were not detected during September sampling, additionally, the
concentrations of Pb and Cr detected in September were also the lowest. The highest concentrations were found
in samples collected from Jaba and Kumantaka. It is only Pb concentration that exceeded the FAO/WHO
permissible limit. Water samples collected in September at Airport Road possess the lowest heavy metals
contamination. It is fortunate that the concentrations of most of the studied heavy metals fall below the

FAO/WHO recommended threshold.
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INTRODUCTION

Environmental contamination has become a global challenge
and poses a serious risk to humans and animals (Ekevwe and
Bartholomew, 2015). The use of untreated wastewater from
domestic sewage and industrial effluent for irrigation is rising
in developing countries. Wastewater contaminated with
heavy metals can be of public health concern when used for
irrigation (Dike and Oniye, 2016). The increasing
concentration of several metals in soil and waters due to the
Industrial Revolution has created an alarming situation for
human life and aquatic biota (Dixit et al., 2015). Their random
release into water and soil is a major health concern globally,
as they cannot be broken down into non-toxic forms and
therefore have long-lasting effects on the ecosystem (Ali et
al., 2013; Dixit et al., 2015).

The use of wastewater for urban and suburb agriculture in
Kano is responsible for heavy metal contamination in
vegetables, the contaminated wastewater used in irrigation
deposits heavy metals in the irrigation sites which are then
later absorbed by the plants and transported to their edible
portion (Dawaki et al., 2013). Vegetables irrigated with
contaminated water can accumulate heavy metals in their
edible portions (Dike and Oniye, 2016). Certain crops such as
amaranth, lettuce, carrot and radish, can accumulate heavy
metals such as Cd, Cu, Mn, Pb and Zn in their tissues, uptake
is increased in plants that are grown in areas with increased
soil contamination (Intawongse and Dean, 2006).

Year seasons were reported to significantly affect water
quality. Ganiyu et al. (2018) reported seasonal variation in the
quality of groundwater used for irrigation. A similar finding
was also reported by Dey et al. (2021) in pond water. A
Significant variation in nitrate and phosphate concentration
was also observed between seasons in surface water samples
(Dike et al., 2010). Changes in the level of contaminants were
also observed by Bexfield and Jurgens (2014) in the water of
public supply wells.

Jakara River is the main source of water for urban agriculture
in Kano (Sanda et al., 2016). The river is economically
important to Kano State and the farming activities along the
river are lucrative (Shu’aib et al., 2017). The principal
objective of the study is to determine the effect of season and
location on the concentrations of Pb, Cd, Ni, Co, Cr and Hg
in the irrigation water samples collected from the Jakara
River.

MATERIALS AND METHODS

Three locations along the river were selected for water
sampling. Contamination sources reported by Abdullahi et al.
(2021) shows that different locations along the river can differ
in heavy metals composition and concentration. Water
samples were collected from these locations monthly for 12
months from January to December 2022. Two liters, acid-
treated polypropylene jars were used for samples collection.
Water samples were collected at approximately 0.5 meter
depth. The designated locations are Airport Road, Jaba and
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Kumantaka in Kano metropolis, Kano State, Nigeria. It was
believed by many researchers that contaminations before
Magami; a confluence where the Getsi tributary joins the
Jakara River, are mostly organic since there is no discharge
from the industrial source up to that point. The Getsi tributary
is supplying the Jakara River with effluent from the Bompai
Industrial Area. The first sampling location (Airport Road) is
before the confluence, while the remaining two locations
(Jaba and Kumantaka) are after the confluence.

Water samples were digested according to the procedure
described by Gerenfes and Teju (2018). The samples were
digested using NHO3 and HCI (1:2.5). Digested samples were
filtered through Whatman filter paper No.42 and diluted with
deionized water.

The concentrations of Pb, Cd, Ni, Co, Cr and Hg in the
irrigation water and soil samples were determined using an
atomic absorption spectrophotometer (PerkinElmer PinAAcle
900H) and the results were reported as Mean+SD of triplicate
measurements.

RESULTS AND DISCUSSION

Effect of Season on the Concentrations of Pb, Cd, Ni, Co,
Cr and Hg in the Irrigation Water from Jakara River
The results for seasonal variation of Pb, Cd, Ni, Co, Cr and
Hg in the irrigation water samples are presented in Table 1.
Values are the Mean+SE of three samples (analysed in
triplicates). Data was analysed using Repeated Measures
ANOVA and means were separated using LSD. Mean in the
same row with different superscripts differed significantly at
a5 % level of significance.

The monthly (except for September) mean concentrations of
Pb in the irrigation water samples exceeded the FAO/WHO
recommended level of 0.06 mg/L. Also, the annual mean was
found to be 0.144 mg/L. The statistical results for mean
separation indicated no statistical difference (at 5 % level of
significance) between samples collected in January, February,
March, June, July, October and December. Also, between
samples collected in April and November. The highest
concentration of Pb was observed in May, which was believed
to be the driest month in Kano, and the lowest concentration
of Pb was reported in September.

Cd was detected in all the irrigation water samples, except that
collected in September. The concentrations of Cd reported
were all below the FAO/WHO recommended level of 0.01
mg/L. Also, the annual mean was determined to be 0.002
mg/L. The highest concentration (0.004 mg/L) of Cd was
observed in water samples collected in February while a
concentration below the detection limit was observed in
September. Results for statistical analysis of the data revealed
no significant difference (at a 5 % level of significance) in Cd
concentrations in the samples collected between January,
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April, May and August, and also, between March, November
and December. The Cd concentrations in the water samples
collected in June, July and October also show to statistical
difference at a 5 % level of significance.

Similar to Cd, Ni was also detected in all the irrigation water
samples, except that collected in September. The
concentration of Ni in all 36 irrigation water samples falls
below the FAO/WHO recommended level of 1.40 mg/L.
Also, the annual mean was calculated to be 0.039 mg/L. The
highest Ni concentrations (0.054 mg/L) were recorded in
April while the lowest (below detection) was observed in
September. Results for mean separation show that samples
collected in January, February, March, November and
December are statistically the same at a 5 % level of
significance. No statistical difference was also observed in the
samples collected between April, May and June.

Cr was detected in all the samples collected during the
research period. The concentrations of Cr in the irrigation
water samples range between 0.068 to 0.172 mg/L. The
lowest concentration (0.068 mg/L) was recorded in
September and the highest concentration (0.172 mg/L) was
recorded in April. The annual mean for Cr concentration in
the irrigation water was found to be 0.117 mg/L. The monthly
means and annual mean of Cr concentration in the irrigation
water fall below the FAO/WHO recommended value of 0.55
mg/L. The results for statistical analysis show that the
concentrations of Cr in the samples collected in January,
February, March, July, October and November are
statistically the same at a 5 % level of significance. The same
applies to samples collected in April and May, and August
and December.

The complete absence of Co and Hg in all the 36 irrigation
water samples taken in 12 12-month period is a clear
indication that the potential HM-contamination sources in
Kano do not either contain these HM or are present in quantity
below their detection limit. Additionally, both Co and Hg
were also not reported by other researchers. Pb and Cr which
are potential carcinogens are omnipresent throughout the
research period.

Another important factor that affects the concentrations of
HM in the irrigation water along Jakara River is the
availability of tap water from the municipal supply. Rainfall
in Kano lasted for only four months (June-September). The
only source of water for the river in the remaining eight
months is the wastewater from domestic use and effluent from
the Bompai industries. If the municipal supply is not adequate
the stream use to shrink, and the reduction in the volume will
increase the HMs concentration in water, increasing their
availability and their potential to contaminate the farmland
along the Jakara River. An adequate municipal supply of tap
water can do the opposite.
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Table 1: Effect of Season on Heavy Metal Contents in Water Samples Collected from Jakara River (N=36)
Heavy Annual
Metal Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean PL
Pb 0.093+0.00  0.094*+0.00 0.099%+0.01 0.124°+0.01 0.144°+0.00 0.112°+0.01 0.091%0.00  0.083%0.00 0.057°+0.01 0.111%+0.01 0.129>+0.01 0.098%0.01 0.103 0.06
Cd 0.003+0.00  0.004°+0.00  0.002°+0.00  0.003°+0.00  0.003°+0.00  0.001#0.00 0.001°+0.00 0.0003*+0.00 ND 0.001¢+0.00  0.002°0.00 0.002°+0.00 0.002 0.01
Ni 0.044%40.00  0.041%+0.00 0.043*+0.00 0.054°40.00 0.050°+0.00 0.050°+0.00 0.037°0.00 0.025°+0.00 ~ ND 0.036°40.00 0.046°+0.00 0.042:+0.00 0039  1.40
Co ND ND ND ND ND ND ND ND ND ND ND ND 0.05
Cr 0.10740.00 0.1072+0.00 0.102°+0.00 0.172°+0.00 0.161°+0.01 0.144°+0.01 0.108%0.00  0.098°+0.00 0.068°:0.01  0.120%+0.01 0.1170.01 0.097¢+0.00 0.117 0.55
Hg ND ND ND ND ND ND ND ND ND ND ND ND 0.001
Key: PL: FAO/WHO Permissible limit in Irrigation Water (Chiroma et al., 2014)
ND: Not detected
Note:

Data was analysed using Repeated Measures ANOVA and means were separated using LSD.
Values are Mean+SE of 9 measurements.
Mean in the same row with different superscripts differed significantly at 5 % level of significance.
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Pb and Cr were detected in all the 36 samples taken during the
12 months of sampling, Co and Hg were not detected in all
the samples taken during the period of the research. Cd and
Ni were not detected during September sampling,
additionally, the concentrations of Pb and Cr detected in
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September were also the lowest. The absence of Cd and Ni
and the lowest concentrations of Pb and Cr recorded in
September can be attributed to the dilution resulting from
volume increase from rainfall, which traditionally reached a
peak in August.

Table 2: Effect of Sampling Location on Heavy Metal Contents in Water Samples Collected from Jakara River (N=36)

Location Pb Cd Ni Co Cr Hg
AR 0.100°+0.00 ND 0.034°+0.00 ND 0.028°+0.00 ND
JB 0.1212+0.00 0.001°+0.00 0.040°+0.00 ND 0.052°+0.00 ND
KM 0.087°+£0.00 0.0042+0.00 0.0432+0.00 ND 0.2702+0.00 ND
PL 0.06 0.01 1.40 0.05 0.55 0.001
Key: AR: Airport Road
JB: Jaba
KM: Kumantaka
PL: 'FAO/WHO Permissible limit in Irrigation Water (Chiroma et al., 2014)
ND Not Detected
Note

Data was analysed using Repeated Measures ANOVA and means were separated using LSD.

Values are MeanzSE of 36 measurements.

Mean in the same column with different superscripts differed significantly at 5 % level of significance.

The results for the effects of location on the variation of Pb,
Cd, Ni, Co, Cr and Hg in the irrigation water samples are
presented in Table 2. Values are the Mean+SE of 12 samples
(analysed in triplicates). Data was analysed using Repeated
Measures ANOVA and means were separated using LSD.
Means in the same column with different superscripts differed
significantly at a 5 % level of significance.

Co and Hg were not detected in all the water samples collected
from the three sampling locations during the study period. Cd
was detected in all the water samples collected from Airport
Road.

The highest concentration of Pb was recorded in water
samples collected from Jaba and the lowest was in the samples
collected from Kumantaka. The highest Pb concentration
(0.121 mg/L) was recorded in water samples collected from
Jaba and the lowest concentration (0.087 mg/L) was recorded
in samples taken from Kumantaka. The substantial amounts
of Pb recorded in the samples collected from Airport Road is
an indication that the domestic wastewater also contributing
to Pb contamination in the river. The results of statistical
analysis show that the concentrations of Pb in the three
locations differed significantly at a 5 % level of significance.
The mean concentrations recorded in all three locations
exceeded the FOA/WHO recommended permissible limit of
0.06 mg/L.

Cd was only detected in water samples collected in Jaba and
Kumantaka, a clear indication that the major source of Cd
contamination to the Jakara River is effluent from the Getsi
tributary which is supplying water from Bompai Industrial
Estate. The highest mean concentration (0.004 mg/L) of Cd
was observed in samples taken from Kumantaka and
concentrations below detection limit were observed in
samples taken from Airport Road. The mean concentrations
of Cd in Jaba and Kumantaka differed statistically at a 5 %
level of significance and are far below the FOA/WHO
recommended limit of 0.01 mg/L.

Ni was detected in the water samples collected from three
locations. The lowest concentration (0.034 mg/L) of Ni in
water samples collected from Airport Road is an indication of
the least contribution from domestic sources. The higher
concentrations of 0.040 mg/L and 0.043 mg/L were recorded
in water samples collected from Jaba and Kumantaka
respectively suggesting higher Ni contamination from
industrial waste. The mean concentrations of Ni observed in

the water samples collected from the three locations deferred
statistically at a 5 % level of significance. The mean
concentrations of Ni along the river are far below the
FOA/WHO recommended limit of 1.40 mg/L.

Cr was detected in all the samples collected from the three
locations. The lowest concentration (0.028 mg/L) was
reported in samples collected from Airport Road and the
highest concentration (0.270 mg/L) was reported in water
samples collected from Kumantaka. Similar to Ni, Cr
contamination in the irrigation water is commonly sourced
from industrial discharge. The Cr content of the water sample
collected from the three locations falls below the FAO/WHO
recommended limits of 0.55 mg/L. Results for statistical
analysis show a significant difference in the concentrations of
Cr between the three locations at a 5 % level of significance.
Pb and Cr were detected in all the 36 samples taken during the
12 months of sampling, Co and Hg were not detected in all
the samples taken during the period of the research. Cd and
Ni were not detected during September sampling,
additionally, the concentrations of Pb and Cr detected in
September were also the lowest. The absence of Cd and Ni
and the lowest concentrations of Pb and Cr recorded in
September can be attributed to the dilution resulting from
volume increase from rainfall, which traditionally reached a
peak in August.

The ideal sources of pollution in the Jakara River are sewage,
industrial waste and agricultural imputes (Mustapha and Aris,
2011). Household effluent strongly influences the quality of
the water by depositing a large amount of organic
contaminants (Mustapha, 2012). Domestic and industrial
wastes are discharged into the river without treatment
(Ibrahim and Ibrahim, 2017). Local dyeing in some areas of
Kano and untreated wastewater from proximate industries are
among the prominent sources of heavy metal contamination
(Ekevwe and Bartholomew, 2015). Vehicular releases, solid
wastes and agrochemicals also contribute to contamination in
addition to wastewater (Dawaki et al., 2013).

Dawaki et al. (2013) reported Pb, Cd and Cr concentrations
far above what was observed in this research. Imam (2012)
also reported higher concentrations of Cr and Pb in water
samples collected in 2009. The data reported by Mukhtar
(2016) shows a substantial reduction in the HMs content of
the irrigation water when compared with what was reported
by Dawaki et al. (2013) and Imam (2012).
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Similar to this finding, Dawaki et al. (2015) reported variation
in the concentrations of Pb, Cd, Cr, Cu, Ni and Zn along the
Jakara River. Mustapha et al. (2012) and Agbazue et al.
(2015) reported seasonal variations in the overall quality of
the water and Mustapha and Aris (2012) opined that variation
in the overall quality is determined by the HM level. Seasonal
variation in the irrigation water HM contents was also
reported by Imam (2012), Binns et al. (2003) and Badamasi
(2014). Mustapha et al. (2013) and Razali et al. (2020)
associated seasonal variation in the quality of irrigation water
to agricultural activities, construction work, discharge of
domestic and industrial effluents and natural processes such
as runoffs and erosion.

Unlike what was observed in this study, the concentrations of
HM in the irrigation water reported by researchers (Agbazue
et al., 2015; Dawaki et al., 2013; Ekevwe and Bartholomew,
2015; Imam, 2012) in previous years exceeded WHO
permissible limits. This significant reduction in the HM
concentrations can be attributed to the shutdown of many
companies in Bompai and the substantial reduction of local
dyeing in Kano.

It can be summed from the above that industrial effluent from
Bompai is the main source of Pb, Cd, Ni and Cr contamination
in Jakara River since higher concentrations of these HMs
were mostly found after Getsi confluence. Fortunately, it was
only concentrations of Pb in the three locations that exceeded
the FAO/WHO, although a Cr concentration close to the
FAO/WHO permissible limit was observed in water samples
collected from Jaba. Higher concentrations of Pb observed in
all three locations signify contamination from both domestic
and industrial sources.

CONCLUSION

Results of irrigation water analysis show that Pb and Cr are
present in all the 36 samples taken during the study period. Co
and Hg were not detected in all the samples taken during the
period of the research. Cd and Ni were not detected during
September sampling, additionally, the concentrations of Pb
and Cr detected in September were also the lowest. The
absence of Cd and Ni and the lowest concentrations of Pb and
Cr recorded in September can be attributed to the dilution
resulting from volume increase from rainfall, which
traditionally reached a peak in August. Industrial effluent
from Bompai is the main source of Pb, Cd, Ni and Cr
contamination in the Jakara River, higher concentrations of
these HMs were mostly found after the Getsi confluence.
Fortunately, it was only concentrations of Pb that exceeded
the FAO/WHO, although a Cr concentration close to the
FAO/WHO permissible limit was observed in water samples
collected from Jaba. Higher concentrations of Pb observed in
all the locations signify contamination from both domestic
and industrial sources. The highest accumulation of Pb was
found in May, Cd in February and Ni and Cr in April. The
lowest concentrations of all the studied HMs were recorded in
September.

REFERENCES

Abdullahi, N., Igwe, E. C. & Dandago, M. A. (2021). Heavy
Metals Contamination Sources in Kano (Nigeria) and their
Concentrations along Jakara River and its Agricultural
Produce. Moroccan Journal of Agricultural Sciences, 2(2):
106-113

Agbazue, V. E., Ekere, N. R., & Samira, M. I. (2015).
Physico-Chemical Parameters and Heavy Metal Levels in
Water and Fish Samples from River Jakara and Jakara dam,

Abdullahi et al.,

FJS

Kano State, Nigeria. Asian Journal of Chemistry, 27(10),
3794-3798. https://doi.org/10.14233/ajchem.2015.18993

Ali, H., Khan, E., & Sajad, M. A. (2013). Phytoremediation
of heavy metals-Concepts and applications. Chemosphere,
91(7), 869-881.
https://doi.org/10.1016/j.chemosphere.2013.01.075

Badamasi, I. (2014). Distribution of Stomach Food Content
of Fish Species Collected from Industrial Waste Water
Effluents a Case Study of Jakara Dam, Kano, Nigeria.
International Journal of Innovation, Management and
Technology, 5(2), 124-129.
https://doi.org/10.7763/ijimt.2014.v5.499

Bexfield, L. M., & Jurgens, B. C. (2014). Effects of Seasonal
Operation on the Quality of Water Produced by Public-Supply
Wells. Groundwater, 52, 10-24.

Binns, J. A., Maconachie, R. A., & Tanko, A. I. (2003).
Water, Land and Health in Urban and Peri-urban Food
Production: The Case of Kano, Nigeria. Land Degradation
and Development, 14, 431444,
https://doi.org/10.1002/Idr.571

Chiroma, T. M., Ebewele, R. O., & Hymore, F. . (2014).
Comparative Assessement Of Heavy Metal Levels In Soil,
Vegetables And Urban Grey Waste Water Used For Irrigation
In Yola And Kano. International Refereed Journal of
Engineering and Science, 3(2), 1-09. www.irjes.com

Dawaki, M. U., Dikko, A. U., Noma, S. S., & Aliyu, U. A.
(2013). Pollution as a Threat Factor to Urban Food Security
in Metropolitan Kano, Nigeria. Food and Energy Security,
2(1), 20-33. https://doi.org/10.1002/fes3.18

Dawaki, U., Dikko, A., Noma, S., & Aliyu, U. (2014). Heavy
Metals and Physicochemical Properties of Soils in Kano
Urban Agricultural Lands. Nigerian Journal of Basic and
Applied Sciences, 21(3), 239-246.
https://doi.org/10.4314/njbas.v21i3.9

Dawaki, U. M., Dikko, A. U., Noma, S. S., & Aliyu, U.
(2015). Effects of Wastewater Irrigation on Quality of Urban
Soils in Kano, Nigeria. International Journal of Plant & Soil
Science, 4(4), 312-325.
https://doi.org/10.9734/ijpss/2015/13472

Dey, S., Botta, S., Kallam, R., Angadala, R., & Andugala, J.
(2021). Seasonal variation in water quality parameters of
Gudlavalleru Engineering College pond. Current Research in
Green and Sustainable Chemistry, 4(October 2020), 100058.
https://doi.org/10.1016/j.crgsc.2021.100058

Dike, I. N., & Oniye, S. J. (2016). Some Elemental Content
of Soil Within Catchment of River Jakara in Kano, Nigeria.
Environment and Pollution, 5(1), 119-134.
https://doi.org/10.5539/ep.v5n1p119

Dike, N. I., Oniye, S. J., Ajibola, V. O., & Ezealor, A. U.
(2010). Nitrate and Phosphate Levels in River Jakara, Kano
State, Nigeria . Science World Journal, 5(3), 23-27.

Dixit, R., Wasiullah, Malaviya, D., Pandiyan, K., Singh, U.
B., Sahu, A, Shukla, R., Singh, B. P., Rai, J. P., Sharma, P.
K., Lade, H., & Paul, D. (2015). Bioremediation of heavy
metals from soil and aquatic environment: An overview of

8UDMA Journal of Sciences (FJS) Vol. 9 No. 3, March, 2025, pp 134 — 139

138


https://doi.org/10.14233/ajchem.2015.18993
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.7763/ijimt.2014.v5.499
https://doi.org/10.1002/ldr.571
file:///H:/My%20Drive/FJS%20Work/Volume%209/Vol%209%20No%203%20Mar/Vol%209%20No%203%20WORD/www.irjes.com
https://doi.org/10.1002/fes3.18
https://doi.org/10.4314/njbas.v21i3.9
https://doi.org/10.9734/ijpss/2015/13472
https://doi.org/10.1016/j.crgsc.2021.100058
https://doi.org/10.5539/ep.v5n1p119

HEAVY METAL SEASONAL VARIATION IN...

fundamental
7(2),

principles and criteria of
Sustainability (Switzerland),
https://doi.org/10.3390/su7022189

processes.
2189-2212.

Ekevwe, A. E., & Bartholomew, G. M. (2015). Quantitative
Investigation of Heavy Metals in Water Samples of River
Jakara in Kano State of Nigeria. International Journal of
Innovation in Science and Mathematics, 3(5), 257-259.

Ganiyu, S. A., Badmus, B. S., Olurin, O. T., & Ojekunle, Z.
0. (2018). Evaluation of seasonal variation of water quality
using multivariate statistical analysis and irrigation parameter
indices in Ajakanga area, Ibadan, Nigeria. Applied Water
Science, 8(1), 1-15. https://doi.org/10.1007/s13201-018-

0677-y

Gerenfes, D., & Teju, E. (2018). Determination of Some
Selected Heavy Metals in Water , Oreochromis niloticus and
Labeobarbus intermedius Samples from Abaya and Chamo
Lakes. Journal of Natural Sciences Research, 8(21), 85-95.

Ibrahim, S., & Ibrahim, A. A. (2017). Assessing the Water
Quality of Jakara Dam, Kano-Nigeria By the Use of
Macronivertebrates. International Journal of Applied
Biological Research, 8(1), 123-132.

Imam, T. S. (2012). Assessment of Heavy Metals
Concentrations in the Surface Water of Bompai-Jakara
Drainage Basin, Kano State, Northern Nigeria. Bayero
Journal of Pure and Applied Sciences, 5(1), 103-108.
https://doi.org/10.4314/bajopas.v5il.19

Intawongse, M., & Dean, J. R. (2006). Uptake of heavy metals
by vegetable plants grown on contaminated soil and their
bioavailability in the human gastrointestinal tract. Food
Additives and Contaminants, 23(), 36-48.
https://doi.org/10.1080/02652030500387554

Mukhtar, A. A. (2016). Wastewater Qualities used for Urban
Agriculture in Metropolitan Kano, Kano State, Nigeria.
Production Agriculture and Technology, 12(2), 99-107.

QOB

Abdullahi et al.,

FJS

Mustapha, A. (2012). Identification of Anthropogenic
Influences on Water Quality of Jakara River , Northwestern
Nigeria. Journal of Applied Science in Environmental
Sanitation, 7(1), 11-20.

Mustapha, A., & Aris, A. Z. (2011). Spatial Aspect of Surface
Water Quality using Chemometric Analysis. Journal of
Applied Sciences in Environmental Sanitation, 6(4), 411-426.

Mustapha, A., & Aris, A. Z. (2012). Multivariate Statistical
Analysis and Environmental Modeling of Heavy Metals
Pollution By Industries. Polish Journal of Environmental
Studies, 21(5), 1359-1367.

Mustapha, A., Aris, A. Z., Juahir, H., Ramli, M. F., & Kura,
N. U. (2013). River Water Quality Assessment using
Environmentric Techniques: Case Study of Jakara River
Basin. Environmental Science and Pollution Research, 20(8),
5630-5644. https://doi.org/10.1007/s11356-013-1542-z

Mustapha, A., Aris, A. Z., Ramli, M. F., & Juahir, H. (2012).
Temporal Aspects of Surface Water Quality Variation using
Robust Statistical Tools. The Scientific World Journal,
294540. https://doi.org/10.1100/2012/294540

Razali, A., Syed Ismail, S. N., Awang, S., Praveena, S. M., &
Zainal Abidin, E. (2020). The Impact of Seasonal Change on
River Water Quality and Dissolved Metals in Mountainous
Agricultural Areas and Risk To Human Health.
Environmental Forensics, 21(2), 195-211.
https://doi.org/10.1080/15275922.2020.1728434

Sanda, A. R., Ahmad, I., & Gaye, C. A. (2016). Heavy Metal
Content of Abattoir Waste and Municipal Sludge in Soil and
Water along Jakara River in Kano, Kano State, Nigeria.
OALib, 03(08), 1-5. https://doi.org/10.4236/0alib.1102896

Shu’aib, A. U., Mohammed, A. B., Abullahi, S. A., &
Yakasai, M. T. (2017). Profitability Analysis of Vegetable
Amaranth  (Amaranthus  cruentus) Production along
Metropolitan Jakara River in Kano, Nigeria. Nigerian Journal
of Agricultural Economics, 7(1), 54-63.

distribution, and reproduction in any medium, provided the original work is cited appropriately.

8UDMA Journal of Sciences (FJS) Vol. 9 No. 3, March, 2025, pp 134 — 139

©2025 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted use,

139


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su7022189
https://doi.org/10.1007/s13201-018-0677-y
https://doi.org/10.1007/s13201-018-0677-y
https://doi.org/10.4314/bajopas.v5i1.19
https://doi.org/10.1080/02652030500387554
https://doi.org/10.1007/s11356-013-1542-z
https://doi.org/10.1100/2012/294540
https://doi.org/10.1080/15275922.2020.1728434
https://doi.org/10.4236/oalib.1102896

