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ABSTRACT

This study investigated the seasonal variation in groundwater quality across two major industrial areas, Sharada
and Bompai, in Kano State, Northwestern Nigeria, over a twelve-month period from December 2023 to
November 2024. The aim was to evaluate the extent, pattern, and temporal dynamics of groundwater
contamination associated with industrial and anthropogenic activities during wet and dry seasons. Groundwater
samples were collected from eight wells in Sharada and eight boreholes in Bompai. Selected water quality
parameters were analysed using standard methods, including temperature, pH, electrical conductivity (EC),
total dissolved solids (TDS), nitrate, sulphate, bicarbonate, chloride, and phosphate. Results revealed that pH
ranged from 5.25 to 7.44, dropping below the WHO minimum guideline of 6.5 during April-May (pre-monsoon
dry season). EC peaked at 2,090 uS/cm and TDS at 1,207 mg/L in May, exceeding the recommended limits of
0.7 dS/m and 500 mg/L, respectively. Nitrate reached 194 mg/L in December, while chloride peaked at 14,239
mg/L in June, indicating the influence of both industrial and agricultural sources. These findings identify April—
May and December—January as critical periods for targeted groundwater quality management. It is concluded
that groundwater quality in the study areas exhibits seasonal deterioration, with several parameters surpassing
WHO standards during dry months. It is recommended that regulatory agencies intensify monitoring efforts
and enforce pollution control measures during these high-risk periods to ensure safe and sustainable

groundwater use.
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INTRODUCTION

Water is indispensable for human survival, agriculture and
industry, with over 2.5 billion people worldwide relying on
groundwater for daily use (Gronwall & Danert, 2020). In sub-
Saharan Africa, shallow aquifers often serve as the primary
potable source, yet are highly susceptible to contamination
from rapid urbanization and industrial expansion (Javaid et
al., 2022; Kaiser et al., 2023). Kano State is one of the
commercial hubs of Nigeria that accommodates the Sharada
and Bompai industrial estates, which house textile, rubber,
food-processing, and metal-finishing industries known for
discharging effluents into the surrounding environment.
These zones overlie alluvial-sand aquifers underlain by
Basement Complex rocks, where recharge dynamics vary
markedly between the wet (May—Oct) and dry (Nov—Apr)
seasons (Ahmed et al., 2025; Erim et al., 2025; Iliyasu et al.,
2025; Yunusa et al., 2025).

Despite regulatory frameworks, weak enforcement and
improper waste disposal have led to persistent groundwater
quality issues. Prior studies in Ogun State and Delhi
documented dry-season spikes in EC, TDS and nitrate due to
evapo-concentration and industrial inputs (Adeyemi &
Ojekunle, 2020; Alsubih et al., 2021). Similar patterns in
fertilizer-rich runoff have been linked to elevated nitrate
(Islam et al., 2025) and chloride levels (Overbo et al., 2021).
Recent studies have examined water quality within various
hydro-environmental contexts in Kano State, though most
have been limited in scope or duration. Fagge et al. (2025)
assessed physicochemical parameters such as pH, EC, TDS,
DO, and hardness in groundwater across Fagge LGA. While
most values fell within permissible limits, anthropogenic
impacts and borehole construction were identified as
influencing water quality. However, the study covered only

Supported By :

two boreholes and lacked seasonal resolution. Similarly,
Shehu et al. (2025) conducted a spatio-temporal analysis of
surface water in the Wasai Reservoir, reporting seasonal
exceedances of EC, TDS, and BOD above WHO and FEPA
standards. Yet, this work focused exclusively on surface water
and did not address urban groundwater systems. Echioda et
al.  (2025) explored industrial wastewater from
pharmaceutical and food industries in Kano, revealing high
concentrations of Cd, Pb, Cr, As, and EC, especially during
dry periods. However, their study was restricted to effluent
characterization, without linking discharge to aquifer
contamination. Emmanuel (2025) investigated heavy metal
accumulation in vegetables irrigated with industrial
wastewater from Sharada and other sites. The study
confirmed elevated Cd and Pb levels and associated health
risks but did not include groundwater quality or seasonality
data. Importantly, Amoo et al. (2018) assessed groundwater
quality in the Sharada industrial area, analyzing both
physicochemical parameters and heavy metals (Cd, Cr, Pb,
Zn). Their findings showed several exceedances of
WHO/NSDWAQ standards. However, the study was confined
to Sharada alone, employed only random point sampling, and
lacked seasonal tracking or comparative analysis with
Bompai, another major industrial zone in Kano.

Despite increasing awareness of water quality issues in
Kano’s industrial zones, no previous study has provided a
comprehensive, year-round evaluation of groundwater quality
in both Sharada and Bompai industrial estates, incorporating
monthly variations in core physicochemical parameters.
Existing works have either focused on surface water,
wastewater effluents, or a narrow set of parameters over short
periods. The novelty of the present study lies in its dual-site,
twelve-month monitoring of groundwater from 16 sampling
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points, covering a broad suite of indicators (pH, EC, TDS,
nitrate, chloride, sulphate, bicarbonate, and phosphate).
Moreover, this study identifies critical seasonal pollution
windows (April-May and December—January) where water
quality parameters frequently exceed WHO limits, offering
actionable insights for regulatory interventions and public
health management.

MATERIALS AND METHODS
Study Area
Kano State, located in northwestern Nigeria, lies

approximately between latitudes 10°33'00"N and 12°37'00"N
and longitudes 7°34'00"E and 9°29'00"E. The geographic
center of the state is near latitude 12°00'00.43"N and
longitude 8°31'00.19"E. Created in 1967, Kano spans an
estimated land area of 20,131 km? and is the most densely
populated state in Nigeria. With a population exceeding 15
million (City Population, 2022), it is the most densely
populated state in the country and a major industrial hub.
Industrial development in Kano began with the establishment
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of the Bompai Industrial Estate in the late 1940s (Okoli,
2025), regarded as West Africa’s first industrial estate,
followed by the creation of the Sharada Industrial Estate in
the early 1970s under Nigeria’s Second National
Development Plan (Madugu, 2025). Both estates, situated in
the southern part of Kano, have since played a vital role in the
state’s economic growth.

This study was conducted within the Sharada and Bompai
Industrial Areas, located in Kano Municipal and Nassarawa
Local Government Areas, respectively (Hassan et al., 2021).
These zones were selected due to their high concentration of
industrial activities, ranging from textiles and food processing
to metal finishing and the heavy reliance of surrounding
communities on groundwater for domestic, drinking, and
irrigation purposes. Groundwater samples were collected
from 16 sites, comprising eight shallow wells in Sharada
(depth: 5-15 m) and eight deeper boreholes in Bompai (depth:
2040 m). The sampling points were georeferenced using
GPS tools. Table 1 presents the coordinates and associated
activities at each sampling location.

Table 1: Sampling Sites and Coordinates in Sharada and Bompai Industrial Areas

S/No Study Area (Site) Sampling Points  Latitude Longitude Activities

1 Sharada Industrial ~ S1 11.9641683 8.5073817 Groundwater from wells is
2 Ares (S) S2 11.9642405 8.5069514 used for irrigation, drinking,
3 S3 11.9680179 8.5073179 and domestic purposes.

4 S4 11.9683652 8.5068404

5 S5 11.9695841 8.5072908

6 S6 11.9667218 8.5074809

7 S7 11.9666766 8.508074

8 S8 11.9660229 8.5086754

9 Bompai Industrial Bl 12.0175007 8.5724779 Groundwater from boreholes
10 Area (B) B2 12.0188124 8.5764467 is used for drinking and
11 B3 12.0178717 8.5764467 domestic purposes.

12 B4 12.0176132 8.5763884

13 B5 12.0161945 8.5754276

14 B6 12.0187476 8.5772459

15 B7 12.0193937 8.5771624

16 B8 12.0192573 8.5763753

S = Sharada Industrial Area (groundwater from 8 wells); B = Bompai Industrial Area

The geology of the study area is characterized by alluvial sand
deposits overlying Precambrian Basement Complex rocks,
predominantly composed of igneous formations (Tukur et al.,
2018), which influence aquifer recharge and water chemistry.

This hydrogeological setting, coupled with dense industrial
presence, increases the potential for groundwater
contamination, necessitating regular quality assessments.
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Figure 1: Map of Sharada and Bompai Industrial Areas Showing Sampling Points

Figure 1 illustrates the spatial distribution of the sampling
points across the Sharada and Bompai Industrial Areas. In
Sharada, groundwater is primarily extracted from shallow
wells used for drinking, domestic purposes, and irrigation. In
contrast, Bompai relies on deeper boreholes that serve as
major sources of water for household and industrial use.

Sampling

Water samples were collected once or twice monthly from 16
stations (eight wells in Sharada and eight boreholes in
Bompai) between 7:00 and 8:00 a.m. over a twelve-month
period (December 2023 to November 2024), following APHA
(2017) guidelines.

Analytical Procedures
pH and temperature were measured in situ using a Jenway
3520 pH meter (precision £ 0.01) and a liquid-in-glass

thermometer (precision + 0.1 °C). Electrical conductivity and
total dissolved solids were determined with a Jenway 4520
meter (EC accuracy =1 pS/cm; TDS £1 mg/L). Major anions
were quantified as follows: nitrate and sulphate by UV-VIS
spectrophotometry at 220 nm and 450 nm, respectively;
bicarbonate and chloride by acid-base titration using HCl and
AgNO:s and orthophosphate by the molybdenum blue method,
measuring absorbance at 880 nm.

RESULTS AND DISCUSSION

Results

The monthly mean concentrations of selected groundwater
quality parameters monitored at Sharada and Bompai
industrial areas in Kano State, Nigeria, over a twelve-month
period (December 2023—November 2024) are detailed in
Table 2.

Table 2: Monthly Mean Values of Groundwater Physico-Chemical Parameters in Sharada (Wells) and Bompai
(Boreholes) Industrial Areas, Kano State, Nigeria (December 2023 — November 2024)

, EC TDS NO;  SOs HCO; I PO:
Month Site. . PH TCO 4S/m)  (mgl)  (mgl) (mgl) (mgl)  (mg) (mg/)
Dec2023 S 650 2270 1.14 683.63  119.09 1975 189481 134678 036
B 627 2250 095 570.14 19439  9.86 857.81  1380.06  0.40
Jan2024 S 744 2251 1.09 663.00  80.56  20.15  1509.75 264031  0.52
B 727 2269 100 59995  98.07  5.67 55281 273350 0.60
Feb2024 S 6.44 2380 077 463.61 2452 1911  667.19  3927.19 034
B 598 2349  1.00 599.13 2732 1631 25163 437981 041
Mar 2024 S 639 2468 0.87 533.63  69.18  8.05 59.86 417.13 0.33
B 618 2441 073 42785 5704 223 36.60 339.79 0.33
Apr2024 S 549 2649 092 55575 3.68 1750 38506  319.50 0.25
B 525 2631 0.90 44928 368  3.14 16775 321.72 0.15
May 2024 S 572 2725 0.8 403.84 1156 2778 20092 103394  0.58
B 563 2733 2.09 508.54 736 2071 14678 82094 0.41
Jun2024 S 585 27.19  0.86 51675 1646 3699  669.48 1423883  0.26
B 567 2767 079 47340 1331 1308 22036 1225860  0.26
Jul2024 S 647 2694 083 50413 17.08 2312 467.03 157531  0.16
B 651 2695 0.64 383.00  13.57 1349 48609 126469  0.13
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Aug 2024 S 586 2773 198 1207.13
B 549 2773  1.10 640.46
Sept 2024 S 633 2647 1.82 1108.00
B 594 2897 141 779.31
Oct 2024 S 634 2763 1.87 1120.13
B 594 2851 1.38 813.39
Nov 2024 S 6.04 27.17 1.79 1144.63
B 574  28.17 1.28 760.96

8.58 25.73 269.93 10283.91 0.06
8.06 24.21 90.74 11249.06 0.11
543 25.01 64.05 1730.63 0.45
5.96 12.91 52.61 1810.50 0.47
11.74 75.71 593.23 3514.50 0.65
7.53 49.56 242.48 3887.25 0.65
12.96 92.98 179.19 1943.63 5.59
23.29 96.01 137.25 1810.50 5.54

S = Sharada (Wells), B = Bompai (Boreholes)

Table 2 presents the monthly mean values of key groundwater
physico-chemical parameters measured in Sharada (wells)
and Bompai (boreholes) industrial areas, Kano State, from
December 2023 to November 2024. Parameters include pH,
temperature, electrical conductivity (EC), total dissolved

phosphate. Notable findings include seasonal peaks in EC
(2.09 dS/m), TDS (1,207 mg/L), nitrate (194.39 mg/L), and
chloride (14,239 mg/L), particularly during dry months,
reflecting industrial, agricultural, and climatic influences on
groundwater quality.

solids (TDS), nitrate, sulphate, bicarbonate, chloride, and
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Figure 2: Monthly pH Trends at Site S and Site B Compared to WHO Drinking Water pH Guidelines (Dec
2023 — Nov 2024)

pH spanned 5.25-7.44 across both sites (Figure 2). The lowest
value (5.25) was at Bompai in April 2024, reflecting acid
leachates and minimal recharge, while January 2024 saw

peaks of 7.39 (Sharada) and 7.21 (Bompai). Persistent acidity
(<6.5) during April-May raises corrosion risks and enhances
solubility of toxic metals.
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Figure 3: Monthly Temperature ¢C) Trends at Site S and Site B Compared to WHO Drinking Water pH
Guideline (Dec 2023 — Nov 2024)

Temperatures ranged 26.5-28.9 °C, highest in March—April
and lowest in August—September, driven by ambient climate
and recharge effects (Figure 3). Despite remaining within

WHO’s <30 °C guideline, elevated pre-monsoon
temperatures may accelerate geochemical reactions.
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Figure 4: Monthly Electrical Conductivity (dS/m) Trends at Site S and Site B Compared to WHO Drinking

Water Guidelines (Dec 2023—Nov 2024)

Groundwater in both Bompai and Sharada industrial areas
consistently exceeded the WHO EC limit of 0.5 dS/m,
peaking at 2.09 dS/m in May (Bompai) and 1.98 dS/m in
August (Sharada) as shown in Figure 4. These seasonal peaks,
attributed to industrial effluent discharge, surface runoff, and

evaporative concentration, contribute to salinization and
enhance the geochemical mobilisation of heavy metals,
thereby increasing exposure risks for human health and
impairing irrigation water quality.
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Figure 5: Monthly Total Dissolved Solids (mg/L) in Sharada (Site S) and Bompai (Site B) Groundwater Compared

to WHO/NIS Guideline (Dec 2023 — Nov 2024)

Groundwater TDS in both Sharada and Bompai often
surpassed the 500 mg/L limit, peaking at 1207 mg/L in
Sharada (August) and over 780 mg/L in Bompai (September—
October) as indicated in Figure Sreflecting industrial and
mineral loading compounded by evaporation, which
jeopardizes water and soil health and demands further heavy-
metal and microbial risk evaluation.

EC varied 680-2 090 uS/cm; TDS 403—1 207 mg/L, with May
2024 maxima surpassing WHO limits (0.7 dS/m; 500 mg/L)
Mid-year concentration peaks result from evaporation and
industrial-effluent loading. Sharada exhibited slightly higher
EC/TDS than Bompai, indicating localized discharge
intensities.
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Figure 6: Monthly Nitrate (mg/L) in Sharada (Site S) and Bompai (Site B) Groundwater Compared to WHO
Guideline (Dec 2023—Nov 2024)

Nitrate in both Sharada and Bompai groundwater often as shown in Figure 6, especially during the dry season,
exceeded the 50 mg/L WHO limit, peaking at 194.39 mg/L.  signaling persistent industrial or agricultural contamination
(Bompai, December) and 119.09 mg/L (Sharada, December) that poses serious health risks such as methemoglobinemia.
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Figure 7: Monthly Sulphate Concentrations at Sharada (Site S) and Bompai (Site B) Groundwater
against WHO and NEQS Standards (Dec 2023—-Nov 2024)

Sulphate levels remained well below WHO and NEQS limits, ongoing monitoring is recommended to prevent hardness and
peaking at about 96 mg/L in November (Figure 7), yet showed future contamination.
seasonal rises likely from industrial leaching and runoff, so
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Figure 8: Monthly Phosphate Concentrations at Sharada (Site S) and Bompai (Site B) Compared to
WHO Guideline (Dec 2023 — Nov 2024)
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Phosphate levels stayed below the 5 mg/L WHO limit all year,
except for a sharp rise in November 2024 when they reached
5.6 mg/L (Sharada) and 5.5 mg/L (Bompai) as shown in
Figure 10, likely due to increased industrial or agricultural
runoff, signaling a need for ongoing monitoring to prevent
eutrophication and safeguard water quality.

Ibrahim and Suleiman FJS

Chloride surged to 14 239 mg/L in June 2024 (WHO: 250
mg/L), driven by mobilization of industrial salts and
evapoconcentration. Bicarbonate ranged 1 510—1 895 mg/L,
reflecting aquifer mineral dissolution and seasonal recharge
patterns.
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Figure 9: Monthly Chloride Concentrations at Sharada (Site S) and Bompai (Site B) Versus WHO

and NEQS Limits (Dec 2023 — Nov 2024)

Chloride in both Bompai and Sharada groundwater far
exceeded WHO (250 mg/L) and NEQS (1 000 mg/L) limits,
peaking at over 12 000 mg/L in June (Figure 9), likely from

industrial effluents, road salts or saline upwelling, with lower
levels in March—May due to seasonal dilution.
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Figure 10: Monthly Bicarbonate (mg/l) Concentrations at Sharada (Site S) and Bompai (Site B)
Groundwater against WHO Standard (Dec 2023 — Nov 2024)

Bicarbonate in both Sharada and Bompai groundwater rose
sharply from about 40-60 mg/L in March to nearly 1 900
mg/L (Sharada) and 860 mg/L (Bompai) in December (Figure
8). This change is likely due to rainwater dilution and varying
industrial inputs. High bicarbonate can affect water pH,
change how metals dissolve, and increase soil alkalinity, so
it’s important to keep checking these levels. Nitrate peaked at
194 mg/L in December 2023 (WHO: 50 mg/L), implicating
fertilizer leaching and wastewater inputs. Sulphate (9.9-20.2
mg/L) and phosphate (<0.6 mg/L) remained within guidelines
but showed slight wet-season enrichment from surface runoff.

Discussion

Seasonal Dynamics and Hydrological Controls

The pronounced dry-season acidity (pH < 6.0) in April-May
reflects limited recharge and possible acid rain inputs from
industrial emissions, consistent with Wijeyawardana et al.
(2022). Near-neutral pH during January and July indicates

bicarbonate buffering from mineral weathering within the
aquifer matrix.

EC (0.64-2.09 dS/m) and TDS (383—1 207 mg/L) peaked in
May 2024, exceeding WHO’s 1.0 dS/m and 1 000 mg/L
thresholds. These values mirror findings in Ogun State
(Adeyemi & Ojekunle, 2020) and Delhi (Alsubih et al., 2021),
attributing spikes to both evapoconcentration and continuous
influx of ion-rich industrial effluents.

Nutrient and Ionic Contamination

The present study recorded a peak nitrate concentration of 194
mg/L in December, far exceeding the WHO guideline of 50
mg/L. This substantial elevation is indicative of combined
agricultural runoff and municipal wastewater contributions,
particularly during the dry season when dilution is minimal.
Similar trends were observed by Samper-Pilar et al. (2025),
who linked nitrate spikes (up to 150 mg/L) in the Abelar Basin
of Spain to increased interflow and manure application during
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periods of low recharge. In coastal China, Tang et al. (2025)
also identified nitrate as a dominant pollutant, attributing its
high concentrations to fertiliser application and poor
wastewater controls.

In contrast, sulphate and phosphate concentrations remained
relatively low in the study area, suggesting limited input from
detergents or phosphatic fertilisers. These findings are
consistent with the work of Medupe & Letshwenyo (2025) in
Botswana, where phosphate and sulphate levels showed
minor seasonal variation due to minimal industrial and
agrochemical activity upstream.

Chloride levels were particularly elevated, with a maximum
of 14,239 mg/L in June, a value significantly above
international standards and previously reported studies. For
example, Singh ef al. (2025) reported average chloride levels
of only 59.8 mg/L in the Ganga River, with primary sources
attributed to domestic discharge and geogenic processes.

The exceptionally high chloride values in Sharada and
Bompai are likely due to saline industrial effluents
compounded by evaporative concentration during the early
wet season. Echioda et al. (2025) found that untreated waste
from the pharmaceutical and food industries in Kano also had
high chloride levels, especially increasing during the dry
season.

Public Health and Infrastructure Implications

Persistent exceedances during two discrete dry-season
windows (Dec—Jan; Apr—May) threaten potable-water safety,
pipe corrosion, and potential heavy-metal mobilization.
Communities and industries drawing untreated groundwater
risk exposure to dissolved solids and nitrates linked to
methemoglobinemia and gastroenteritis.

Management Recommendations

Effluent treatment facilities should be upgraded to enforce
zero-discharge standards for chloride- and nitrate-laden
wastes, while managed aquifer recharge during the wet season
can dilute residual pollutants and bolster groundwater levels.
Monitoring efforts must be intensified in December—January
and April-May to rapidly detect and mitigate any parameters
that exceed WHO guidelines. Finally, community
engagement is essential: local users should be educated about
simple point-of-use treatments, such as slow sand filtration
and made aware of the health risks associated with consuming
untreated water.

CONCLUSION

The study identified seasonal deterioration in groundwater
quality across Sharada and Bompai industrial areas, with key
parameters exceeding WHO limits during December—January
and April-May. Nitrate, chloride, TDS, and electrical
conductivity levels indicated industrial, agricultural, and
climatic influences, while low pH suggested potential for
heavy metal mobilisation. Although sulphate and phosphate
remained largely within acceptable limits, occasional spikes
warrant attention. The results highlight the need for targeted
pollution control, regulatory enforcement, and seasonal
monitoring to ensure safe and sustainable groundwater use.

ACKNOWLEDGEMENT

The authors express their sincere gratitude to Professor Bukar
A. Abdullah for his invaluable supervisory guidance,
continuous support, and insightful mentorship throughout the
course of this research. His expertise and encouragement were
instrumental to the successful completion of this work.

Ibrahim and Suleiman

FJS

REFERENCES

Adeyemi, A. A., & Ojekunle, Z. O. (2021). Concentrations
and health risk assessment of industrial heavy metals
pollution in groundwater in Ogun state, Nigeria. Scientific
African, 11, e00666.
https://doi.org/10.1016/j.sciaf.2020.e00666

Ahmed, 1., Dogara, M. M., & Balogun, J. B. (2025).
Parasitological investigation revealed zero transmission of
lymphatic filariasis after a decade of intervention in an
endemic community in Kano State, Northern Nigeria. Dutse
Journal of Pure and Applied Sciences, 11(2a). 289- 299
https://www.ajol.info/index.php/dujopas/article/view/297517
/279805

Alsubih, M., El Morabet, R., Khan, R. A., Khan, N. A., ul Haq
Khan, M., Ahmed, S., ... & Changani, F. (2021). Occurrence
and health risk assessment of arsenic and heavy metals in
groundwater of three industrial areas in Delhi,
India. Environmental Science and Pollution Research, 28,
63017-63031. https://doi.org/10.1007/s11356-021-15062-3

Amoo, A. O., Gambo, Y. H., Adeleye, A. O., & Amoo, N. B.
(2018). Assessment of groundwater quality in Sharada
industrial area of Kano, North-Western Nigeria. FUW Trends
in Science & Technology Journal, 3(2A), 407-411.
https://www.ftstjournal.com/uploads/docs/32A%20Article%

2015.pdf

APHA (2017). Standard Methods for the Examination of
Water and Wastewater, 23rd ed. Washington, DC: American
Public Health Association.
https://www.standardmethods.org/doi/book/10.2105/SMW
W.2882

Chinedu, V. A., Adieze, 1. E., & Orji, J. C. (2024). Seasonal
variation and health risk assessment of groundwater quality in
Kano State, Nigeria. World News of Natural Sciences, 55, 1—
12. https://www.worldnewsnaturalsciences.com/wp-
content/uploads/2023/09/WNOFNS-51-2023-147-168.pdf

City Population. (2022). Population statistics and projections
for Nigerian states.
https://www.citypopulation.de/en/nigeria/cities/agglos/
(Retrieved June 20, 2025)

Echioda, S. (2025). The assessment of industrial wastewater
quality of selected pharmaceutical and food industries in
Kano State, Nigeria, West Africa. International Research
Journal of Chemistry, 47.
https://scholar.google.com/citations?hl=en&user=d YsisfAA
AAAJ

Emmanuel, B. (2025). Assessment of Heavy Metal
Contamination and Health Risks from Urban-Grown
Vegetables in Kano State, Nigeria. ChemClass Journal, 9(2),
618-631.
https://chemclassjournal.com/index.php/chemclass/article/vi
ew/184

Erim, A., Lawal, H. O., Onyeaghala, C. A., Chukwu-Mba, C.
C., Ajibade, O. O., Okafor, U. G., & Nzedibe, O. E. (2025).
Seasonal variations in public perceptions of diphtheria in
Northern  Nigeria. BMC  Public  Health, 25(1), 2146.
https://doi.org/10.1186/s12889-025-23427-3

FUDMA Journal of Sciences (FJS) Vol. 9 No. 8, August, 2025, pp 46 — 54

()]

(O8]


https://doi.org/10.1016/j.sciaf.2020.e00666
https://www.ajol.info/index.php/dujopas/article/view/297517/279805
https://www.ajol.info/index.php/dujopas/article/view/297517/279805
https://doi.org/10.1007/s11356-021-15062-3
https://www.ftstjournal.com/uploads/docs/32A%20Article%2015.pdf
https://www.ftstjournal.com/uploads/docs/32A%20Article%2015.pdf
https://www.standardmethods.org/doi/book/10.2105/SMWW.2882
https://www.standardmethods.org/doi/book/10.2105/SMWW.2882
https://www.worldnewsnaturalsciences.com/wp-content/uploads/2023/09/WNOFNS-51-2023-147-168.pdf
https://www.worldnewsnaturalsciences.com/wp-content/uploads/2023/09/WNOFNS-51-2023-147-168.pdf
https://www.citypopulation.de/en/nigeria/cities/agglos/
https://scholar.google.com/citations?hl=en&user=dYsisfAAAAAJ
https://scholar.google.com/citations?hl=en&user=dYsisfAAAAAJ
https://chemclassjournal.com/index.php/chemclass/article/view/184
https://chemclassjournal.com/index.php/chemclass/article/view/184
https://doi.org/10.1186/s12889-025-23427-3

ASSESSMENT OF GROUNDWATER...

Fagge, A. M., Rilwanu, T. Y., Tukur, A. 1., Suleiman, S. A.,
Inuwa, A. B., & Mukhtar, J. ASSESSMENT OF
GROUNDWATER PHYSICOCHEMICAL PARAMETERS IN
FAGGE LOCAL GOVERNMENT AREA, KANO STATE,
NIGERIA.
https://www.academia.edu/127315280/ASSESSMENT OF _GR
OUNDWATER_PHYSICOCHEMICAL_PARAMETERS IN_
FAGGE_LOCAL _GOVERNMENT AREA KANO STATE
NIGERIA

GPS. (2023). My GPS Coordinates (Version 5.19) [Mobile app].
Google Play Store.
https://play.google.com/store/apps/details?id=com.freemium.gp

Ibrahim and Suleiman

FJS

Standards and Regulations Enforcement Agency (NESREA),
Federal Ministry of Environment.
https://www.ampeid.org/documents/nigeria/national-
environmental-(surface-and-groundwater-quality-control)-

regulations-2011/

NSDWQ. (2015). Nigerian Standard for Drinking Water Quality
(NIS  554:2015). Standards Organisation of Nigeria.
https://africacheck.org/sites/default/-

Okoli, U. (2025, March 22). How Kano lost its lustre as Nigeria’s
industrial hub. Parrot Nigeria News.
https://parrotnigeria.com/how-kano-lost-its-lustre-as-nigerias-

scoordinates

Gronwall, J., & Danert, K. (2020). Regarding groundwater and
drinking water access through a human rights lens: Self-supply as
anorm. Water, 12(2),419. https://doi.org/10.3390/w12020419

Hassan, F. Y., Usman, B., Yalwa, I. R., Rilwanu, T. Y., &
Abdulhamid, A. (2021). Comparative analysis of heavy metals in
groundwater around Sharada and Bompai industrial areas, Kano
Metropolis, Nigeria. J. Mater. Environ. Sci, 12(01), 66-77.
https://www.jmaterenvironsci.com/Document/vol12/vol12 N1/J
MES-2021-12006-Hassan.pdf

Iliyasu, S., Dutse, F., & Kehinde, E. A. (2025).
DETERMINANTS OF THE UTILIZATION OF AGRO-
PROCESSING, PRODUCTIVITY ENHANCEMENT AND
LIVELIHOOD IMPROVEMENT SUPPORT PROJECT
AMONG RICE FARMERS IN KANO STATE, NIGERIA.
Nigerian Journal of Agriculture and Agricultural Technology,
5(2A), 107-120.
https://njaat.com.ng/index.php/njaat/article/view/1092

Islam, A., Sarkar, B., Shit, P. K., & Gazi, H. A. R. (2025).
Groundwater nitrate contamination in agroecosystems: A
comprehensive review of detection methods, pollution
mechanisms, and policy implications. Progress in Physical
Geography: Earth and  Environment, 49(3), 281-
317. https://doi.org/10.1177/03091333251337298

Javaid, M., Qasim, H., Zia, H. Z., Bashir, M. A., Samiullah, K.,
Hashem, M., ... & Alshehri, M. A. (2022). Bacteriological
composition of groundwater and its role in human health. Journal
of  King Saud University-Science, 34(6), 102128.
https://doi.org/10.1016/j.jksus.2022.102128

Kaiser, R. A., Polk, J. S., Taing, L., & Datta, T. (2023).
Antimicrobial resistance and karst groundwater systems: A
policy gap analysis for addressing water quality and contaminants
of emerging concern. Environmental Science & Policy, 148,
103544. https://doi.org/10.1016/j.envsci.2023.07.004

Madugu, Y. U. (2025). Mobility Crisis and The Search for
Alternatives: The Advent of Motorcycle Taxi in Kano Metropolis
1986-2013. Transportation Research Procedia, 89, 30-41.
https://doi.org/10.1016/j.trpro.2025.05.045

Medupe, M., & Letshwenyo, M. W. (2025). Investigation of self-
purification and water quality index during dry and rainy seasons
in the Khurumela Stream (Botswana). Journal  of
Ecohydraulics, 10(1), 1-18.
https://doi.org/10.1080/24705357.2024.2363755

National Environmental Quality Standards (NEQS). (2011).
National Environmental (Surface and Groundwater Quality
Control) Regulations. Abuja, Nigeria: National Environmental

industrial-hub/

Overbo, A., Heger, S., & Gulliver, J. (2021). Evaluation of
chloride contributions from major point and nonpoint sources in
a northern US state. Science of The Total Environment, 764,
144179. https://doi.org/10.1016/j.scitotenv.2020.144179

Samper-Pilar, J., Samper-Calvete, J., Mon, A., Pisani, B., & Paz-
Gonzalez, A. (2025). Machine Learning Analysis of Hydrological
and Hydrochemical Data from the Abelar Pilot Basin in
Abegondo (Coruiia, Spain). Hydrology, 12(3), 49.
https://doi.org/10.3390/hydrology 12030049

Shehu, A. H., Ismail, F. M., Umar, U. H., Muhammad, A. M.,
Idris, J. A., & Mairami, F. M. (2025). Spatio-temporal variation
of physico-chemical parameters in Wasai Reservoir, Kano State.
BIMA Journal of Science and Technology, 9(1A), 266-275.
https://www.journals.gjbeacademia.com/index.php/bimajst/articl
e/view/900

Singh, G., Chaudhary, S., Giri, B. S., & Mishra, V. K. (2025).
Assessment of geochemistry and irrigation suitability of the River
Ganga, Varanasi, India: PCA reduction for water quality index
and health risk evaluation. Environmental Science and Pollution
Research, 1-20. https://doi.org/10.1007/s11356-025-35912-8

Tang, Z., Cao, Y., & Jiang, Q. (2025). Spatial and temporal
changes of water environmental factors and water quality
assessment in coastal waters of Jiangsu Province. Journal of Sea
Research, 102570. https://doi.org/10.1016/j.seares.2025.102570

Tukur, A. 1., Nabegu, A. B., Abba Umar, D. U., Olofin, E. A., &
Sulaiman, W. N. A. (2018). Groundwater condition and
management in Kano Region, northwestern Nigeria. Hydrology,
5(1), 16. https://doi.org/10.3390/hydrology5010016

WHO (2017). Guidelines for Drinking-Water Quality, 4th ed.
Geneva: World Health Organization.
https://www.who.int/publications/i/item/9789241549950

Wijeyawardana, P., Nanayakkara, N., Gunasekara, C.,
Karunarathna, A., Law, D., & Pramanik, B. K. (2022).
Improvement of heavy metal removal from urban runoff using
modified pervious  concrete. Science of The  Total
Environment, 815, 152936.
https://doi.org/10.1016/j.scitotenv.2022.152936

Yunusa, A. Y., Hayatu, M., Sani, L. A., Babura, S. R., Aminu, M.
A., Namadina, M. M., & Phoebe, A. O. (2025). Impact of Salinity
Stress on Ion Homeostasis of Some Selected Groundnut (Arachis
hypogaea L.) Varieties. Sahel Journal of Life Sciences
FUDMA, 3(2), 198-204. https://doi.org/10.33003/sajols-2025-
030222-24

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

QO8]

FUDMA Journal of Sciences (FJS) Vol. 9 No. 8, August, 2025, pp 46 — 54 54


https://creativecommons.org/licenses/by/4.0/
https://www.academia.edu/127315280/ASSESSMENT_OF_GROUNDWATER_PHYSICOCHEMICAL_PARAMETERS_IN_FAGGE_LOCAL_GOVERNMENT_AREA_KANO_STATE_NIGERIA
https://www.academia.edu/127315280/ASSESSMENT_OF_GROUNDWATER_PHYSICOCHEMICAL_PARAMETERS_IN_FAGGE_LOCAL_GOVERNMENT_AREA_KANO_STATE_NIGERIA
https://www.academia.edu/127315280/ASSESSMENT_OF_GROUNDWATER_PHYSICOCHEMICAL_PARAMETERS_IN_FAGGE_LOCAL_GOVERNMENT_AREA_KANO_STATE_NIGERIA
https://www.academia.edu/127315280/ASSESSMENT_OF_GROUNDWATER_PHYSICOCHEMICAL_PARAMETERS_IN_FAGGE_LOCAL_GOVERNMENT_AREA_KANO_STATE_NIGERIA
https://play.google.com/store/apps/details?id=com.freemium.gpscoordinates
https://play.google.com/store/apps/details?id=com.freemium.gpscoordinates
https://doi.org/10.3390/w12020419
https://www.jmaterenvironsci.com/Document/vol12/vol12_N1/JMES-2021-12006-Hassan.pdf
https://www.jmaterenvironsci.com/Document/vol12/vol12_N1/JMES-2021-12006-Hassan.pdf
https://njaat.com.ng/index.php/njaat/article/view/1092
https://doi.org/10.1177/03091333251337298
https://doi.org/10.1016/j.jksus.2022.102128
https://doi.org/10.1016/j.envsci.2023.07.004
https://doi.org/10.1016/j.trpro.2025.05.045
https://doi.org/10.1080/24705357.2024.2363755
https://www.ampeid.org/documents/nigeria/national-environmental-(surface-and-groundwater-quality-control)-regulations-2011/
https://www.ampeid.org/documents/nigeria/national-environmental-(surface-and-groundwater-quality-control)-regulations-2011/
https://www.ampeid.org/documents/nigeria/national-environmental-(surface-and-groundwater-quality-control)-regulations-2011/
https://africacheck.org/sites/default/-
https://parrotnigeria.com/how-kano-lost-its-lustre-as-nigerias-industrial-hub/
https://parrotnigeria.com/how-kano-lost-its-lustre-as-nigerias-industrial-hub/
https://doi.org/10.1016/j.scitotenv.2020.144179
https://doi.org/10.3390/hydrology12030049
https://www.journals.gjbeacademia.com/index.php/bimajst/article/view/900
https://www.journals.gjbeacademia.com/index.php/bimajst/article/view/900
https://doi.org/10.1007/s11356-025-35912-8
https://doi.org/10.1016/j.seares.2025.102570
https://doi.org/10.3390/hydrology5010016
https://www.who.int/publications/i/item/9789241549950
https://doi.org/10.1016/j.scitotenv.2022.152936
https://doi.org/10.33003/sajols-2025-030222-24
https://doi.org/10.33003/sajols-2025-030222-24

