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Abstract

Ground water remains the major source of domestic water in many Nigerian communities including
Dutse, but increasing urbanization and poor sanitation have heightened the risk of soil and water
contamination. Understanding the relationship between soil properties and ground water properties is
essential for ensuring safe water for household use. The focus of this study is to determine the
relationship between soil physico-chemical properties and the quality of well and borehole water within
the study area. Twenty water samples were collected from wells and boreholes and surface soil samples
were also collected. Water and soil samples were analyzed for physico-chemical parameters. Correlation
between soil and water parameters were determined using Spearman’s rank correlation. The result
obtained from the properties of soil shows that soil close to wells has higher EC, phosphorus, TDS,
nitrite , nitrate, calcium and magnesium,, while the soil close to borehole has higher temperature, DO
and pH. Calcium ion (ca?*) concentration shows significant mean differences between soil close to the
well and borehole. Other soil parameters were not statistically significant. Ground water parameters
such as nitrate, nitrite, phosphorus, calcium, magnesium and hardness largely complied with WHO
and NSDWQ standards, although elevated electrical conductivity and total dissolved solids were
observed in some sources. The correlation between soil and water properties shows positive relationship
between soil properties and water properties, indicating that soil act as a medium through which water
acquires its chemical composition. The study recommends regular monitoring and proper management
of soil and water resources.
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INTRODUCTION

Water is an essential component of life (Christiam et al., 2025). The need for water in the day
to-day activities of man include cooking, washing, drinking and for industrial activities (Aliyu
et al., 2023). The supply of fresh water to Nigerians has been inadequate and forced
inhabitants to resort to drinking water from wells (Yanda et al., 2015). Water distribution in
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surface and underground reservoirs depends on climatic and geological conditions and
therefore, is very heterogeneous and does not adequately correlate with human needs, which
have become considerable due to recent population growth and concentration (Rasheed,
2024). Groundwater reserves depend on rainfall amounts and are renewed from the soil
surface through seepage and migration, at a rate that is several thousand times slower than
river flows (Rasheed, 2024). Groundwater is generally considered safe for drinking (Dehghani
et al., 2019). However, its quality varies from place to place and sometimes depends on
climatic changes, the soil types, surfaces, and nature of the rocks through which the water
moves (Grant & Dietrich, 2017); Rasheed, 2024). Human activities such as disposal of
chemicals and microbiological material on landfill sites, burying them in the ground, or even
directly injecting waste into the groundwater can change the water's natural composition and
quality (Aliyu et al., 2023). The improper construction of a borehole can also cause ground
water contamination (John et al., 2025). Agricultural activities, improper solid waste disposal,
and animal droppings near boreholes could also contaminate the water (John et al., 2024) .

The soil quality has been described by Fausak et al, (2024) as “the capacity of soil to function
to sustain plant and animal productivity, to maintain or enhance water and air quality and to
support human health and habitation”. Various processes, including weathering, microbial
activity, and leaching, combine to create a wide variety of soil types. Soils engage in a
multitude of processes, such as nutrient recycling, water purification, and gas exchange with
the atmosphere (Razavi et al., 2019) . Soil quality is controlled by the physical, chemical and
biological components of a soil and their interaction (Jat & Choudhary, 2021). An
understanding of physical and chemical conditions of any soil is essential for proper
implementation of any management practices.

A lot of effort has been made to assess the water quality all over the world in which, including
Dutse, where most of the people depend highly on underground water (Borehole and local
hand-dug well). However, despite all these efforts, yet to the best of our knowledge no
research was conducted to determine the correlation of soil and water in Dutse metropolitan.
Also, despite the known interactions between soil and water in the sub surface environment,
limited empirical data exist on how specific soil properties affect key water quality
parameters. This lack of understanding hampers efforts to predict water contamination
pathways, manage ground water resources, and implement effective soil and water protection
measures. Therefore, the study focuses on the relationship that exists between the soil
properties and the underground water properties of Dutse urban areas. The specific objectives
are to determine the physicochemical properties of soil having close proximity to water
sources and the physicochemical properties of water from hand-dug wells and hand-pump
boreholes that are in close proximity to the assayed soil properties, and also to determine the
relationship between soil and water properties at selected locations within Dutse urban areas.

METHODOLOGY

Study Area

Dutse town is the administrative headquarters of Jigawa State and is situated within latitude
11° 43' 59" North and longitude 9° 20" 59" East. According to the National Population
Commission of Nigeria and the National Bureau of Statistics, Dutse has an estimated
population of 431,800 as of 2022. The relief is generally undulating which is about 500-600 m
above sea level with basement complex rocks scattered in the town. While the relief is usually
below 400 m in areas covered by sedimentary rocks of the Chad Formation. Many of the water
channels dry up during the dry season, and domestic water is obtained by digging holes in
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the sand-filled river beds. The climate is a tropical wet-dry climate and the temperature is
warm to hot throughout the year, even though there is a slightly cool period around
November through February. The mean annual temperature is 26 °C, the mean monthly value
ranges between 21 °C in the coldest months (December- February) and 40.3 °C in the hottest
months (April - May) (Umar et al., 2019).
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Figure 1: Map of Dutse Town Showing the Sampling Points

Sampling Technique

A total of twenty (20) paired soil and water samples as adopted by Ahmad et al. (2021), were
collected from selected hand-dug wells and hand-pump boreholes within the study areas
(Gida Dubu, Fagoji, Takur, Yalwawa, and Zai communities), to assess the physicochemical
interactions between surrounding soil and groundwater quality. Purposive sampling was
adopted to select sampling points with functional groundwater sources (hand-dug wells and
hand-pump boreholes). For soil samples, surface soils” were collected at a depth of 0 - 20 cm
(Gjo et al., 2022), representing the active top soil zone where contaminant infiltration and
nutrient interactions are more pronounced (Weil & Brady, 2017). At each sampling point, soil
samples were obtained at a distance of 20 cm from the adjacent water sources to ensure that
the sampled soils represented the immediate zone of soil-water interaction where
contaminant infiltration, and nutrient exchange are more likely to occur, using a sterile soil
auger. The soil samples were homogenized, packed in sterile polythene bags, properly tied,
and transported to soil laboratory for physicochemical analysis (Belachew & Abera, 2010).
Simultaneously, twenty (20) water samples were obtained directly from hand-dug wells and
hand-pump boreholes, near each soil sampling points. Water samples were collected in new
plastic bottles that were first rinsed with de-iodized water, followed by the water from the
sampling point before the final collection of water sample (Adeleye et al., 2022). Water samples
were transported to the Federal University Dutse laboratories for analysis in an ice box at 4
°C.

Determination of Physicochemical Properties of Soil

Soil properties such as pH, and temperature were measured in the field based on the method
by Kumar et al. (2017), using a portable digital soil tester, model AIK- TPH01803. The electrical
conductivity was measured with a conductivity meter, model HI 993310 in the laboratory
(Kumar et al., 2017), while TDS was measured based on the method of Mehak et al. (2022),
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using gravimetric method. Calcium and magnesium ion concentrations were measured by
titrating the soils’ saturated extract with a standard solution of ethylene di-amine tetra acetic
acid (EDTA) (Kumar et al., 2017). Nitrite and Nitrate were determined according to the
method of Sanni et al. (2022), using steam distillation. Phosphorus was determined using the
Olsen method as adopted by Ibrahim et al. (2021), while dissolved oxygen was measured
according to the method of Naz et al. (2022) using a calibrated DO meter.

Determination of Physicochemical Properties of Water

The water pH was measured using a digital pH meter as adopted by (Bamigboye et al. (2020),
EC was determined based on the method of Kur et al. (2019), using (LaMotte Tracer
Conductivity/ Total Dissolved Solids/Salinity) digital conductivity meter. TDS was
measured using a TDS meter as adopted by Kobir et al. (2024), and temperature was measured
using a digital water thermometer as adopted by Mandal, (2014). The dissolved oxygen (DO)
was measured using a portable DO meter (Hach HQ1130) as adopted by Fitri et al. (2021).
Phosphorus was measured according to the method adopted by Davies, (2022) using the
calorimetric method, while nitrate and nitrite were measured using the steam distillation and
Devarda’s Alloy as adopted by Hare et al. (2024). Calcium and magnesium ion concentrations
as well as total hardness were measured by titration with a standard solution of ethylene
diamine tetra acetic acid (EDTA) as adopted by Sutrianti ef al. (2025).

Data Analysis

The data were statistically analyzed using descriptive analysis and the Mann-Whitney test to
determine the mean differences between well water and borehole water, as well as between
soil close to wells and boreholes. Spearman’s correlation was used to explore the relationship
between soil properties and water properties.

RESULTS AND DISCUSSION

The comparison between physicochemical properties of soil near wells and soil near boreholes
shows that only Ca2* (p = 0.029) shows a significant mean difference. Soil close to the well had
significantly higher mean Ca?* compared to the soil close to the borehole (MD = 72.65).
However, other parameters were not statistically significant, but slight variations were
observed as presented in Table 1.

Table 1: Differences in the Physicochemical Properties between Soil Close to Wells and
Boreholes

Parameters Well Borehole
Mean (+SD) Mean (+SD) MD p-value*

Temperature (°C) 23.58 £0.23 23.63 £0.40 -0.05 0.912
pH 747 £0.18 7.51+£0.34 -0.04 0.631
EC (ds/m) 0.27 £0.10 0.25+0.10 0.02 0.739
Ca?* (mg/L) 147.30 +103.60 74.65 +62.77 72.65 0.029
Mg2*(mg/L) 81.35 +30.59 66.85 +91.46 14.50 0.075
Ca?* + Mg?* (mg/L) 228.70 £126.37 141.50 +139.11 87.20 0.052
Phosphorus (mg/L) 11.44 £2.41 10.89 +1.75 0.55 0.496
DO (mg/L) 5.10+£0.28 5.25+0.48 -0.15 0.569
TDS (mg/L) 192.70 + 49.58 185.10 + 8.62 7.60 0.472
Nitrite (mg/L) 0.23 £0.03 0.22 £0.03 0.01 0.424
Nitrate (mg/L) 5.09 £0.80 474 £0.77 0.35 0.344

*Mann-Whitney test, SD = standard deviation, MD = mean difference, pH = power of hydrogen, EC = Electrical
conductivity, Ca2* = calcium, Mg2* = magnesium, DO = Dissolved oxygen, TDS = Total Dissolved Solid
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The comparison in physicochemical properties between well water and borehole water shows
that pH (p = 0.023), phosphorus (p = 0.043), and magnesium (p = 0.009) show significant mean
differences. Well water had significantly higher mean pH (MD = 0.24) and magnesium (MD
= 2.14), while borehole water showed higher phosphorus concentration (MD = -0.14). Overall,
both water sources demonstrated comparable physicochemical characteristics with few
significant variations. As presented in Table 2 below, most of the parameters showed to be
within the WHO and NSDWQ permissible limit, except for EC and TDS which were higher
than the threshold, indicating that the water contains elevated concentrations of dissolved
ions and minerals.

Table 2: Difference in Physicochemical Properties between Well Water and Borehole Water

Parameters Well water Borehole water
Mean + SD Mean * SD MD p- WHO NSDWQ
value*
Temperature 27.60 £0.49 27.46 £0.75 0.14 0.971 Ambient  Ambient
pH 6.88 £0.26 6.64 £0.17 0.24 0.023 6.5-8.5 6.5-8.5
EC (ds/m) 212 +1.74 1.11 £1.09 1.01 0.218 0.75 1
TDS(mg/L) 1388.40+ 837.10+ 847.49 551.30 0.579 1000 500
1347.53
DO(mg/L) 5.44 +0.72 5.73 £0.56 -0.29 0.393 4.6 5.0
Nitrite(mg/L) 0.13 £0.04 0.12 £0.02 0.01 0.579 3 0.2
Nitrate(mg/L) 1.24 £0.92 1.15+£0.89 0.09 0.739 50 50
Phosphorus(mg/L) 0.16 £0.09 0.30 £0.22 -0.14 0.043 1 0.3
Ca2*(mg/L) 7.55 +4.50 5.28 £4.38 2.27 0.190 75 75
Mg2*mg/L) 3.43+2.02 1.29 £0.74 2.14 0.009 50 50
Hardness(mg/L) 10.95 +5.89 6.57 £4.84 4.38 0.089 100 150

Mann-Whitney test, SD = standard deviation, MD = mean difference, pH = power of hydrogen, EC = Electrical
conductivity, TDS = Total Dissolved Solid, Ca2* = calcium, Mg?* = magnesium

Table 3 presents the correlation between soil properties and water properties. The results
show significant positive relationships between soil pH and water nitrite (r = 0.67, p < 0.05),
soil DO and water nitrate (r = 0.64, p < 0.05), soil nitrate and water nitrite (0.67, p < 0.05), soil
nitrate and water nitrate (0.75, p < 0.05), soil nitrate and water hardness (r = 0.68, p < 0.05),
soil calcium and water calcium (r = 0.71, p < 0.05), soil calcium and water magnesium (r =
0.73, p < 0.05), and between soil hardness and water calcium (r = 0.67, p < 0.05). Additionally,
strong positive relationships were recorded between soil nitrate and water calcium (r =0.76, p
< 0.001), soil calcium and water hardness (r = 0.74, p < 0.001), soil hardness and water
magnesium (r = 0.71, p < 0.001), and soil hardness and water hardness (r = 0.72, p < 0.001). A
significant negative relationship was observed between soil DO and water temperature (r = -
0.69), and between soil nitrite and water phosphorus (r = - 0.69). Also, a strong significant
negative relationships were observed between soil nitrite and water EC (r = -0.73), and
between soil nitrite and water TDS (r = -0.72). Other relationships were weak and not
statistically significant, suggesting that soil DO, nitrite, nitrite, nitrate, calcium and total
hardness are key factors influencing water mineral content.
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Table 3: The Relationship between Soil Properties, and Water Properties

Soil Water properties
properties
Tem pH EC TDS DO Nitrit Nitrat P Cazt Mg?*  Hardnes
P (mg/ (mg/l e e (mg/lL  (mg/L (mg/L s (mg/L)
(°C) L) ) ;mg/L ;mg/L ) ) )
Temperatu | -015 014 -048 -052 -015  0.33 -0.20  -0.19 -014 021 -0.09
re (°C)
pH 011 009 013 012 -023 0.67* -015 055 0.24 -0.06  0.17
EC(ds/m) | 031 010 016 0.08 042 -043  -033  -0.01 0.18 0.30 0.21
TDS 0.07 010 036 029 0.63 -024 -026 0.03 0.30 0.40 0.41
(mg/L)
DO (mg/L) | - 0.04 032 024 029 0.02 0.64*  -0.20 0.30 0.24 0.39
0.69*
Nitrite -0.07 021 - - -0.03  0.05 -011  -0.69* -044  0.01 -0.40
(mg/L) 0.73* 0.72*
Nitrate -045 056 046 042 038 0.67*  0.75*  0.39 0.76**  0.29 0.68*
(mg/L)
Phosphoru | -013 033  0.00 0.04 037 0.05 -0.25  0.07 -018  -040 -0.17
s (ing/L)
Ca? 021 039 052 039 037 -0.07 020 0.37 0.71*  0.73*  0.74**
(mg/L)
Mg+ 027 023 015 0.08 037 -0.58  -017  -0.03 0.13 0.45 0.24
(mg/L)
Hardness | 013 043 049 037 045 -012 021 0.31 0.67*  0.71** 0.72**
(mg/L)

*p-value < 0.05, **p-value < 0.001

DISCUSSION

The comparison of physicochemical properties between soils near wells and boreholes reveals
that only calcium ion (Ca2+) shows significant difference, with soils close to wells having
higher content. Conversely, there is no difference between the two soils in other parameters
The significant difference observed in Ca?* could be attributed to the combined effect of
aquifer depth, soil-water interaction, mineral dissolution, leaching intensity, geological
variation and anthropogenic influences. This is in line with the findings of Kolawole et al.,
(2020) in Paiko, North Central Nigeria, which reports that hand-dug wells show higher
concentrations of cations compared to deeper boreholes, and attribute it to strong interaction
with surface soils that are rich in carbonate minerals and surface contamination.

The result of the physicochemical properties of water from the two water sources shows that
pH, phosphorous, and magnesium shows significant differences between the two water
sources, with well water exhibiting higher pH, and magnesium, while borehole water exhibits
higher phosphorous concentrations. The significant difference in pH, magnesium and
phosphorous between well and borehole water sources could be due to variation in depth,
geological formation, recharge sources and human activities influencing each water sources.
The higher pH value in well water could be attributed to shallow depth and increased
interaction of well water with surface materials. This is in line with the findings of Owoyemi
et al. (2019), which reported lower pH in borehole water than in well water in some parts of
the Niger Delta regions of Nigeria, and attributed it to shallow depth and organic matter
decomposition. In contrast, Bala et al. (2021) in Kano State observed that pH of the borehole
was higher than that of well water and attributed it to reduced surface infiltration and
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influence of limestone aquifer. The higher phosphorus in borehole water could be due to
differences in depth, low biological activities (less uptake of phosphorus by microorganisms
and plant roots), geological formation, less surface contamination and more mineral
dissolution in boreholes. This is in accordance with the findings of (Ocheri et al. (2014) in the
review on ground water quality in Nigerian urban areas, which reported that borehole water
in some Nigerian locations contains higher phosphorus due to aquifer mineral influence.

In respect to the study of the relationship between soil and waters’” physicochemical
properties, the result shows that there is a positive relationship between soil pH and nitrite in
water, which could be due to enhanced microbial nitrification, agricultural input or
environmental factors which facilitate nitrite accumulation and subsequent leaching into
ground water. This is similar to the finding of Khalidy et al. (2022), which reported that soil
pH strongly controls nitrification rates with neutral to slightly alkaline soil favoring ammonia
and nitrite oxidation, increasing nitrogen transformation and potential leaching into
groundwater.

The positive relationship between soil nitrate and water’s nitrite, nitrate and hardness could
be due to nitrogen leaching, shared geochemical pathways, and mineral rich infiltration from
soil into ground water. This is similar to the findings of Elisante & Muzuka, (2017), which
reported that nitrate is highly soluble and weakly adsorbed by soils and readily transported
downward through percolation into ground water. Additionally, Elisante & Muzuka, (2017),
reported that groundwater recharge can raise both nitrate and hardness together, particularly
in limestone, calcareous, or agriculturally impacted areas. The relationship between soil
calcium and water magnesium could be as a result of common geological sources, mineral
dissolution, weathering and ion exchange. This is in line with the finding of Khalidy et al.
(2022), which reported that carbonate dissolution, cation exchange and mineral weathering
have dominant control on ground water ionic composition.

A strong positive relationship was observed between soil nitrate and water calcium. This
could be as a result of nitrification and nitrate leaching in nitrogen enriched soils, dissolution,
agricultural fertilizer application, carbonate weathering, and soil acidification, which increase
nitrate concentration in soil, and increasing the calcium level in adjacent water systems. This
is similar to the findings of Hina, (2024), which reported that fertilizer use, soil properties, and
hydrological condition strongly influence nitrate leaching which increase mobilization of
associated cations (including calcium) through carbonate dissolution, and cation exchange,
increasing groundwater calcium. The strong positive relationship between soil calcium and
water hardness could be due to mineral dissolution, agricultural or anthropogenic sources,
weathering processes and geological formation. This is in line with the findings of Akawu et
al. (2025), which reported that calcium rich soil strongly influence water hardness. The strong
positive relationship between soil hardness and water hardness could be as a result of same
mineralogical, geological and hydro-chemical factors controlling hardness forming ions in
soil, which also influence adjacent water systems through dissolution and leaching. This is
similar to the findings of Igibah & Tanko, (2019), which reported that calcium ion is a major
dissolved ion influencing groundwater quality, controlled by weathering, ion exchange, and
rock - water interaction, which also governs hardness development.

CONCLUSION

The study investigated the physicochemical properties of soil and water, the findings revealed
that parameters such as pH, electrical conductivity (EC), total dissolved solids (TDS), and
mineral contents varied across sampling sites. A strong positive correlation between soil and
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water properties suggest that the geochemical composition of soil exerts major influence on
ground water chemistry. The observed interaction between soil properties and ground water
quality demonstrates the importance of understanding soil-water linkages in ecosystem
functioning and environmental health. The result underscores the need for integrated soil and
water management practices that maintain soil fertility while protecting groundwater from
contamination.
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