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Abstract: Water quality parameters play a critical role in determining the health and
resilience of aquatic ecosystems, influencing the distribution, behavior and survival of
aquatic organisms. The Physico-chemical water quality parameters of Zobe Lake,
Katsina State, Nigeria were studied from March 2024 to February, 2025. The study
area was divided into four strata (Sites 1, 2, 3 and 4) along the lake for easy
assessment. Purposive sampling was used to select one landing site from each
stratum based on the level of fishing activities. Air and water temperature,
transparency, electrical conductivity and total dissolved solids were determined in-
situ. pH, Dissolved oxygen, alkalinity, phosphate and nitrate were determined with
standard analytical methods. The mean monthly values of physico-chemical
parameters of Zobe Lake obtained are as follows: Dissolved oxygen, (7.59 ± 0.08
mg/l), air temperature; (36.62 ± 0.48˚C), water temperature (27.08 ± 0.24˚C),
transparency (1.04 ± 0.03 m), nitrate (0.34 ± 0.03 mg/l), pH (7.36 ± 0.09), phosphate
(2.18 ± 0.02mg/l), electrical conductivity (106.28 µS/m) and alkalinity (6.82 mg/l).
There are significant differences (p < 0.05) in all the parameters tested across the
month except alkalinity. The result of this study revealed relatively minimal
differences among the four sampling sites, indicating that the lake is fairly
homogeneous in water quality characteristics. However, continuous monitoring of
nutrient parameters, particularly phosphate, is recommended to prevent future
eutrophication and maintain the ecological health of the lake.

Introduction
Freshwater ecosystems such as rivers, lakes, wetlands,
streams, and groundwater systems represent some of the
most ecologically and economically significant
environments on Earth. Although they cover only about
2.3% of the planet's surface, they support approximately
9.5% of all known species, including one-third of all
vertebrates (1). These ecosystems provide a wide range of
ecosystem services that are essential for both human and
ecological well-being, including water supply, food
production, biodiversity support, flood regulation, and
climate moderation (2). Despite their importance,
freshwater ecosystems are under severe threat globally.
Increasing anthropogenic pressures such as population
growth, land use change, industrial pollution, agricultural
runoff, dam construction, and climate change have
resulted in the widespread degradation of freshwater
habitats (3). These pressures have led to habitat
fragmentation, water quality deterioration, alteration of
natural hydrological regimes, and a sharp decline in
aquatic biodiversity. 

According to the Living Planet Report (4), freshwater
species populations have declined by an average of 84%

since 1970, more than any other ecosystem type. The
situation is particularly critical in developing regions like
sub-Saharan Africa, where rapid urbanization and poor
environmental management exacerbate the vulnerability
of freshwater systems. In Nigeria, for example, freshwater
bodies are increasingly impacted by pollution, overfishing,
invasive species, and sedimentation, threatening both
ecosystem health and the livelihoods of millions who
depend on them (5). Sustainable management of
freshwater ecosystems requires a multi-disciplinary and
integrated approach that incorporates ecological
understanding, policy development, and community
engagement. However, a major barrier to effective
management is the lack of data and awareness,
particularly in rural areas where freshwater ecosystems are
often undervalued and poorly monitored. Monitoring
physico-chemical parameters provides critical information
about the health and ecological status of freshwater
systems (6). This study aims to evaluate the physico-
chemical parameters of Zobe Lake, with the goal of
determining its status and productivity.
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Methodology
Study Area
The study was conducted in Zobe Lake, which is situated in
Katsina State, Nigeria's Dutsin-Ma Local Government Area
Figure 1. It lies on latitude between 12°20′00″ N to
12°25′00″ N, 7°27′23″ E to 7°35′00″ E. It is an earth-fill
structure with a height of 19 m and a total length of 2,750
m. The dam has a storage capacity of 179 Mca and
irrigation potential of 8,000 hectares (7). The Karaduwa
and Gada rivers are the two main tributaries of Zobe Lake
(8). The lake was built on the Karaduwa River and has a
surface area of around 4,500 hectares and a length of
roughly 7 kilometers. The average annual precipitation
falls between 590 and 700 mm, while the temperature is
between 26.5 and 35˚C (9). The rainy season often lasts
four months, from late May to late September, but the dry
season typically lasts longer, from November to April. The
lake is surrounded by approximately thirty-two
communities. The dam Sokoto Rima River Basin
Development Authority Dutsin-Ma Area Office (2008)
entirely submerged the majority of the settlements.

Water Quality Parameters
Water samples were collected at a depth of 20-30 cm
monthly from March 2024 to February 2025 with sampling
bottles. Parameters such as air temperature were
measured in degree Celsius (°C) in-situ with mercury-in-
glass thermometer. Water temperature (°C), pH, electrical
conductivity (μS/cm) and total dissolved solids (mg/L)
were also measured in-situ with a combined probe
(Hanna, Model HI 98129). Dissolved oxygen samples were
fixed in-situ with 2 mL each of manganese sulfate, alkali-
iodide azide and concentrated sulfuric acid. In the
laboratory, Azide-Winkler titration method was used to
analyze dissolved oxygen. Water transparency was
determined by the use of a Secchi disc, with a method
described by (10) and (11). Titrimetric method was used to
analyze total alkalinity (12). Vanadomolybido-phosphoric
acid colorimetric method was used to measure the

concentration of phosphate (mg/L) while solution
salicylate (colorimetric) method was used to measure the
concentration of nitrates (mg/L) in the water samples (13).

Data Analysis
Descriptive statistics (mean ± SD) were computed for all
measured parameters. Spatial variations between landing
sites were evaluated and compared, ANOVA was used to
test for significance across means.

Results
Water Quality Parameters
The spatial monthly mean values of water quality
parameters of Zobe Lake for a period of 12 months (March
2024 to February, 2025) are presented in Table 1. All the
water quality parameters evaluated showed no significant
difference (p> 0.05) across the locations, with the
exception of phosphate, which showed a significant
difference (p < 0.05). The pooled mean value of dissolved
oxygen was 7.59 ± 0.08 mg/L. The highest value of
dissolved oxygen (7.70 mg/L) was recorded at Site 4, while
the lowest value (7.35 ± 0.15 mg/L) was found at Site 1.
The pooled mean value of air temperature during the
period of study was 36.62 ± 0.48 °C. Site 4 had the highest
water temperature value of 27.07 ± 0.54 °C, whereas Site 2
recorded the lowest value of 26.88 ± 0.48. The highest
mean value (36.75 °C) was recorded in Site 3 while the
least value (36.50 °C) was recorded in Site 1. The pooled
mean water transparency was 1.04 ± 0.03 m. highest
transparency level (1.06 ± 0.07 m) was recorded in Site 1
while the least value (1.03 ± 0.007 m) was recorded in Site
3. The mean of nitrate was 0.34 ± 0.03 mg/L. Site 1 and 3
recorded the least nitrate value (0.33 ± 0.07 mg/L) each,
while Site 2 has the highest nitrate value (0.35 ± 0.06
mg/L). Site 1 recorded the highest total dissolved solid
value (45.18 ± 1.26 mg/L) while Site 2 recorded the lowest
value (43.04 ± 1.26 mg/L). The pooled mean of phosphate
was 2.18 ± 0.02 mg/L. Site 1 recorded the lowest value of
(2.09 ± 0.02 mg/L) while Site 2 had the highest value (2.24

Figure 1. Map of Nigeria showing Zobe Lake and landing sites.
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Table 1. Mean spatial variation of water quality parameters in Zobe Lake, Katsina State.
Parameters Site 1 Site 2 Site 3 Site 4 Pooled mean
DO (mgL ) 7.35 ± 0.15 7.64 ± 0.14 7.66 ± 0.21 7.70 ± 0.17 7.59 ± 0.08
Water_temp (°C) 27.06 ± 0.51 26.88 ± 0.48 27.3 ± 0.49 27.07 ± 0.54 27.08 ± 0.24
Air_temp (°C) 36.50 ± 1.12 36.62 ± 0.84 36.75 ± 0.99 36.62 ± 1.10 36.62 ± 0.48
Transparency (m) 1.06 ± 0.07 1.05 ± 0.06 1.03 ± 0.07 1.04 ± 0.06 1.04 ± 0.03
Nitrate (mgL ) 0.33 ± 0.07 0.35 ± 0.06 0.33 ± 0.07 0.34 ± 0.06 0.34 ± 0.03
TDS (mgL ) 45.18 ± 1.26 43.04 ± 1.27 43.72 ± 1.04 43.33 ± 0.86 43.82 ± 0.55
Phosphate (mgL ) 2.09 ± 0.02 2.24 ± 0.05 2.17 ± 0.04 2.23 ± 0.03 2.18 ± 0.02
pH 7.37 ± 0.20 7.43 ± 0.22 7.34 ± 0.16 7.30 ± 0.15 7.36 ± 0.09
EC (µS/m) 107.48 ± 8.20 116.17 ± 13.83 105.10 ± 13.50 96.35 ± 3.97 106.28 ± 5.33
Alkalinity (mgL ) 7.19 ± 0.21 6.68 ± 0.26 6.76 ± 0.15 6.63 ± 0.28 6.82 ± 0.12
Note: Different superscript letters behind the numbers indicate a significant difference.

-1

-1

-1

-1 a b ab b

-1

± 0.05 mg/L). The pooled mean of pH was 7.36 ± 0.09. Site
2 recorded the highest pH value 7.43 ± 0.22 while Site 4
had the lowest value 7.30 ± 0.15. The pooled mean of
Electrical conductivity was 106.28 ± 5.33µS/m. Site 2 had
the highest value (116.17 ± 13.83 µS/m) while Site 4 had
the lowest (96.35 ± 3.97 µS/m). The pooled mean value of
alkalinity was 6.82 ± 0.12 mg/L.

Discussion
The lake generally exhibits good water quality, as
indicated by the measured physicochemical parameters.
Dissolved oxygen values (7.35 - 7.70 mg/L) exceeded the
minimum requirement of 5 mg/L necessary to support
aquatic life, indicating a well oxygenated system suitable
for fish survival and productivity (14). The pH values (7.30 -
7.43) fall within the recommended range of 6.5-8 for
freshwater systems, suggesting a stable and favorable
environment for aquatic organisms (15). Furthermore, total
dissolved solid (TDS) recorded in the study (43.04 - 45.18
mg/L) are far below the maximum permissible limit of 500
mg/L, indicating low mineral content and good water
quality (15). Similarly, nitrate concentrations (0.33 - 0.35
mg/L) are significantly lower than the recommended limit
of 50 mg/L, suggesting minimal nutrient pollution and low
risk of eutrophication (15).

One of the most significant physical elements
affecting the aquatic ecology is temperature. Fundamental
environmental factors influence the chemical and
biological processes in water (16). It has been observed
that there is a significant correlation between changes in
air temperature and water temperature, which is a regular
factor for a variety of physical, chemical, and biological
activities in ecosystems (17). The mean surface water
temperature was lower than the mean air temperature
corresponds with the findings of (18) in river Hadejia of
Jigawa Nigeria. Dissolved oxygen is one of the most
important environmental variables affecting the biology of
fish (19). The higher level of dissolved oxygen recorded in
this study was an indicator of less pollution and
productivity of the lake. Lights ability to pass through
water is referred to as transparency. Put differently,
primary productivity is limited when there is high particle
content and haziness in the water, causing light to
penetrate the water column less deeply (20). The mean
transparency value of 1.04 ± 0.03 m recorded in the lake
varies with the findings of (21). The variation might be
attributed to change in season, time and investigated sites.

Photosynthesis activities increased with increase in
transparency (22).

Nitrates are a kind of nitrogen that plants may absorb
and are present in both terrestrial and aquatic ecosystems
in a variety of forms.  According to (23), these types of
nitrogen include ammonia (NH ), nitrates (NO ) and nitrite
(NO ). Nitrate is less toxic than the other forms of nitrogen
in aquatic environment, such as nitrite and ammonia. The
nitrate concentration in freshwater is normally low, but can
reach high levels in Agricultural runoff, or from
contamination by human or animal wastes (24). In aquatic
systems nitrate is one of the essential nutrients of life that
most commonly control the growth of aquatic plants,
algae and bacteria hence increasing the productivity of
aquatic system, where an increased nitrate concentration
leads to an obvious increase in primary productivity.
Nitrate value in aquatic systems may possibly be high due
to increase in the degradation of organic matter by
microbial activities (25). Meanwhile, aquatic ecosystems
have constantly been altered by man and natural activities
which are quite evident in the study area due to the
agricultural activities. The low amount of nitrate recorded
in the lake might be attributed to high utilization by
plankton and aquatic plants.

Compared to other studies, the recorded total
dissolved solids from the investigation ranged between
43.04 and 45.18 mg/L which is greater than the
recommended value of 0.13 mg/L recommended by (26).
Total dissolved solid levels can be used to evaluate the
purity of water. Higher values of the total dissolved solids
recorded in August might be attributed to runoff from
sediments and catchment washed into the reservoir.
Phosphates are chemical elements made from the
elements phosphorus oxygen usually present in water in
the form of phosphate (PO  ). Phosphate is one of the
important nutrients and limiting factor in the maintenance
of water fertility. It is recognized as the principal factor
produced by the fish farm that has an effect in the lake
environment. Boyd, C. E. (1998) reported that desired
concentration of phosphate in water is in the range of
0.005 to 0.02 mg/L (27). Davis J. (1993) reported the mean
value of Ahmadu Bello University and Zaria dams in Zaria,
Nigeria to be 2.47 mg/L and 1.59 mg/L respectively (26).
Olanrewaju, A. N. et al (2013) reported phosphate range
0.53 mg/L to 3.63 mg/L in Eleyele reservoir which was
similar to the range of phosphate in this study (29). The
pH range (7.30–7.43) was within the limit defined by
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standard guidelines of 6.5 – 8.5 (30). These results
compared well with other similar man-made reservoirs as
reported by (29) in Ado-Ekiti reservoir, Ado-Ekiti, and (32)
in Awba reservoir Ibadan.

The observed high conductivity in this study (96-107
µS/cm) was within the electrical conductivity range
recommended for fresh water fish by 100 -300 µS/ cm by
(33).  Chapman, D., and Kimstach, V. (2006) also reported
electrical conductivity range 10 – 1000 µS/ cm as a typical
for a tropical aquatic ecosystem and it further provide
information on the level of mineralization of the aquatic
ecosystems can serve as an indicator of primary
pproductivity (i. e. chemical richness) and this fish
production (34). The fluctuation in the value of
conductivity could be due to variations in the rate of
decomposition of organic matter, low level of water
caused by evaporation, influx of seepage and nutrients
from the drainage basin and also the presence of higher
concentration of inorganic salts.

The mean alkalinity of 6.82 ± 0.12 mg/L recorded in
this study was lower than the recommended level of
alkalinity for freshwater systems 20 – 300 mg CaCO / L
reported by (27). Total alkalinity might be used as a tool
for the measurement of productivity and conditions of
water bodies (35). Olanrewaju, A. N. et al (2013) reported
an alkalinity range of 59.90 mg CaCO  / L to 160 mg
CaCO  / L (29) while 36. Tamot, P. et al reported alkalinity
range of 59.90 mg/ CaCO  / L – 152.60 mg / CaCO  / L in
Halali reservoir (36).  37. Sugunan, V. V. reported that
alkalinity value of Indian reservoir water ranged from 40 to
240 mg/ L (37).

Conclusion
The study of the spatial variation of physicochemical
parameters in Zobe Lake, Katsina State, revealed relatively
minimal differences among the four sampling sites,
indicating that the lake is fairly homogeneous in water
quality characteristics. Most parameters, including
dissolved oxygen, water temperature, pH, transparency,
nitrate, total dissolved solids, electrical conductivity, and
alkalinity, were within acceptable ranges for freshwater
ecosystems and aquatic life. The dissolved oxygen
concentrations indicated a well-oxygenated environment
capable of supporting fish and other aquatic organisms,
while the neutral to slightly alkaline pH values reflected a
chemically stable aquatic system. Low nitrate and TDS
concentrations further suggest minimal pollution and low
nutrient enrichment within the lake. Although phosphate
levels showed slight significant spatial variation, the
differences were not substantial enough to indicate severe
nutrient pollution.

Overall, the findings demonstrate that Zobe Lake
possesses relatively good water quality conditions suitable
for fisheries production and other aquatic uses. However,
continuous monitoring of nutrient parameters, particularly
phosphate, is recommended to prevent future
eutrophication and maintain the ecological health of the
lake.
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