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Abstract

The assessment of seasonal variation of the physico-chemical quality of Gubi dam, Bauchi State Northeastern Nigeria was
investigated. The water samples were collected bi-monthly from July, 2022 to June, 2023 for the physico-chemical parameters.
The water temperature, pH, conductivity, depth and total dissolved solids, carbon dioxide, biological oxygen demand,
alkalinity, nitrate, phosphate, transparency were measured in-situ with the use of Mercury in glass thermometer, water testing
kits, wagtech photometer model 7100 and turbid meter HACH 2100P respectively. The dissolved oxygen and biochemical
oxygen demand were measured ex-situ in the laboratory using Winkler’'s method. The results showed variation in the water
parameters within the months. The mean water temperature ranged from 22.33+0.52C to 29.33+0.292C, while the mean pH
varied from 6.54+0.03 in May and June to 8.88+0.11 in August. Mean dissolved oxygen ranged from 6.12+0.09mg/I in April
to 8.59£0.58mg/l] in July while the mean Carbon-dioxide varied from 0.06+0.05 mg/1 in June to 1.73+0.29mg/1 in August.
The mean turbidity varied from 64.33+1.53NTU in November to 115.83+5.107NTU in July while the mean alkalinity ranged
from 66.667+8.33mg/1 in July to 87.333+3.79mg/l in December. The mean nitrate varied from 0.01+0.005mg/1 in May to
8.28+£0.06mg/1 in August while the mean phosphate ranged from 0.21+0.04 mg/1 in April to 5.13+0.076 mg/1 in August. The
mean Total dissolved solids ranged from 74.07+4.67mg/] in February to 98.60+1.04mg/l in June while the mean Biological
oxygen demand ranged from 0.015+0.002 mg/l in May and June to 0.07+0.01 mg/1 in August. The lowest mean Electrical
conductivity 145.23+10.65 puS/cm was recorded in September and the highest 518.10£16.89 pS/cm in July while the mean
depth varied from 4.03+0.06m in March, April and May to 8.83£0.29m in August. The Physico-chemical parameters recorded
in the rainy season differed significantly (p < 0.05) with the parameters recorded in dry season. Correlation coefficient (r)
showed positive correlation between temperature and dissolved oxygen with all the physico-chemical parameters. pH had
a negative correlation with alkalinity, conductivity, transparency and Total dissolved solids. The results of all the physico-
chemical parameters measured in Gubi dam are within the permissible limits of national and international standards, the Dam
can be regarded as stable and healthy environment for aquatic livings.
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Introduction

The expansion of population and advancement of each
society necessitate the presence of high-quality groundwater
sources such as rivers, streams, lakes, wells, boreholes, and
springs, as aquatic organisms rely entirely on it. Within
numerous urban and rural communities in sub-Saharan
Africa, water is predominantly utilized for household
purposes [1]. The assessment of the physicochemical
characteristics of such water is crucial in determining the
quality of groundwater. Okereke ]N, et al. [2] have previously
highlighted that the characteristics of these water sources
are jeopardized by the discharge of effluents from municipal
waste, agricultural practices, and industrial sites, leading to
a decline in the biodiversity of aquatic ecosystems. Some
of these effluents may contain organic and/or inorganic
contaminants as discussed by Mohammad A, et al. [3].
Human interventions along riverbanks often introduce non-
biodegradable inorganic substances, resulting in a significant
environmental burden [4], impacting water resources in
terms of quantity and quality across various spatial and
temporal scales. Wurtsbaugh WA, et al. [5] provided a
detailed analysis emphasizing the importance of limnological
characteristics of aquatic habitats where fish reside, which is
essential for evaluating their productivity and suitability for
aquaculture, encompassing physical, chemical, and biological
parameters.

Faunal distribution, vertical and horizontal migration,
diversities, feeding patterns, and other ecological roles are
intricately linked to a comprehensive understanding of the
physico-chemical characteristics of aquatic ecosystems, as
emphasized by Omoboye HY, et al. [6]. It is imperative that the
levels of various physicochemical parameters fall within the
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specified thresholds to achieve optimal fish production [7], as
highlighted by Boyd CE [8]. Adedeji HA, et al. [4] have noted
the significance of temperature variations, dissolved oxygen
(DO), carbon dioxide (CO,), pH, conductivity, total dissolved
solids (TDS), water clarity, and other factors in shaping the
ecology of riverine fish populations. Previous studies by
Onuoha CP, et al. [7] on the Ologe lagoon and recent research
conducted by Omoboye HY, et al. [6] on the Owalla Reservoir
have provided valuable insights into these dynamics. studies
conducted by various researchers such as Oyan and Asejire
Lakes; Atobatele OE [9] on Aiba Reservoir; Oso JA [10] on Ero
Reservoir; Idowu EO [11] on Ado-EKiti reservoir; Ani C [12]
on selected rivers in Ebonyi state, Nigeria; and Odoemelam
SA [13] on cross river at Afikpo North local government area
of Ebonyi state, Nigeria provide valuable insights for this
research. The significance of water for humans, animals, and
plants underscores the importance of evaluating its quality
to establish sustainable usage practices and implement
necessary corrective measures. The primary objective of this
study is to assess the physico-chemical parameters of Gubi
Dam in Bauchi State, Nigeria.

Materials and Methods

Study Area

The sampling was conducted at the Gubi dam, Bauchi
State, Nigeria (Figure 1). The Gubi dam is geographically
located between Latitude 10° 25" N to 10° 26" N and
latitude 9°51’ E to 9°52’ E, the dam receives its water from
Tatimari (Shadawanka, Dinya) Larkarina, Suntum and Kumi
tributaries. The dam is used for drinking, irrigation and
fishing by settlers around the dam [14,15].

Figure 1: Map of Gubi Dam showing the Sampling Stations.
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Water sampling and Duration

Water samples were collected from three different
points on the Dam and mean values of the three points
were computed and recorded. The sampling was carried out
every fortnight between July, 2022 to June, 2023. Sampling
was done between 7.00 am and 9.00 am. Water samples
were collected from the dam using one-liter capacity PVC
sampling bottles from three stations, on a monthly basis.
Temperature, and depth were determined in-situ while pH,
dissolved oxygen, carbon dioxide, biological oxygen demand,
alkalinity, nitrate, phosphate, turbidity, total dissolved solid
and conductivity were done in the department of fisheries
laboratory.

Temperature readings were taken using mercury in
glass thermometer to the nearest 0.1 °C. The thermometer
was place at about 10 cm below the water surface for about 5
minutes to stabilize after which the readings were taken and
recorded. The pH readings were measured using wag tech
pH meter (7020 model) while the turbidity was measured
using a HACH 2100P direct reading portable turbidity meter.

Total dissolve solids and conductivity were measured
using a portable wag tech conductivity/TDS meter (model).
Dissolve oxygen (DO), Carbon dioxide and Biological Oxygen
Demand (BOD) was estimated using [16]. All determinations
were done in triplicates and the mean values were recorded
(Figire 1-13).

Statistical Analysis

Data were subjected to the analysis of variance and a
significance test for difference among monthly variation of
physico-chemical parameters using the Duncan Multiple
Range Test (DMRT) was used to separate the means at
P<0.05 level of significance with the aid of statistical analysis
(Statistix 10.0).

Results

Table 1 shows the mean, standard error and range of
physico-chemical parameters measured during the study
period in Gubi dam. The monthly variations of physico-
chemical parameters of Gubi dam measured between July,
2022 to June, 2023 are presented in Figures 2-13.

The highest mean water temperature was recorded
in September while the lowest mean temperature was in
December. Transparency was highest in January and lowest
in November.

The highest dissolved oxygen value was recorded in
July and lowest in April, although there was significance
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difference in the value recorded. The biological oxygen
demand had the highest value in the month of August 2022,
BOD differed significantly across the months while the
lowest was recorded in the month of May and June 2023. The
mean highest conductivity was recorded in the month of July,
2022 while the mean lowest was recorded in the month of
September.

Conductivity differed significantly (p<0.05) between rainy
and dry season months. The mean highest total dissolved
solid was recorded in June 2022 while the mean lowest was
recorded in February. The lowest monthly mean pH was
obtained during the early rainy season in May and June 2023,
while the highest was obtained in August 2022. The analysis
of variance (p<0.05) showed that pH to be statistically higher
during the wet season than in the dry season.

Carbon-dioxide was statistically higher (p<0.05) with
mean value in August 2022, lowest mean was reported in
June 2023. Alkalinity was statistically higher (p<0.05) in
December 2022, lowest mean value was recorded in in July
2022. The highest monthly mean concentration of nitrate
recorded was obtained at the peak of the rains in August
2022. A decrease was observed in the dry season with the
lowest concentration recorded in May 2023.

Phosphate had the least concentration in April, highest
mean value was obtained in August 2022. So also, phosphate
concentration was significantly higher (p<0.05) in rainy
season. Highest depth was recorded in August 2022 while
lowest depth was recorded in March, April and May 2023.

The correlation coefficient (r) values for the physico-
chemical parameters are showed in Table 2. The water
temperature correlated positively with all the parameters.
pH correlated positively with DO (r=0.515), Depth (r=0.005),
CO, (0.432), Nitrates (r=0.218), Phosphate (r=0.102) but
correlated negatively with alkalinity (r=-0.078), conductivity
(r=-0.447), Transparency (r=-0.125) and TDS (r=-0.173)
(p<0.05) respectively.

Biological oxygen demand correlated negatively with
conductivity (r=-0.237) but correlated positively with the
remaining parameters. Alkalinity correlated positively
with conductivity and TDS (r=0.196; 0.147) respectively
but correlated negatively with transparency (r=-0.176),
depth (r=-0.184), CO, (r=-0.185), Nitrates (r=-0.249),
Phosphate (r=-0.214). The Conductivity showed low
negative correlation to Phosphate (-0.260) while it shows
higher correlations to depth (-0.459), CO, (-0.543), TDS
(-0.067), Nitrates ( -0.738). Transparency shows negative
correlations with Depth (r=-0.081), CO, (r=-0.360) and
Nitrates (r=-0.370) while it shows low correlations to TDS
(r=0.105) and Phosphate (0.232). The total dissolved solid
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showed low correlation with the Carbon-dioxide (r=0.206)
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and Nitrates (r=0.355) while it showed high correlation

with Phosphate (r=0.623) (Tables 1 & 2).

Parameters Present Study Maximum permissible limits in water
Min Max MeanzS.E WHO USEPA SON
Temp. (0C) 22.33 | 29.17 25.86+310.37 40 <31oC Ambient
pH 6.54 8.3 7.57+90.86 6.8 6.5-8.5 6.5-8.5
Dissolved Oxygen (mg/1) 6.12 8.59 7.40+88.85 04-Jun 5 >4
Biological Oxygen Demand (mg/1) 0.02 0.07 0.03+0.35 <3 <5 <5
Alkalinity (mg/L) 71.67 | 82.33 79.72+956.63 200 - 100
Conductivity (pmhos/cm) 179.6 | 518.1 335.355+4024.26 500 - 1000
Transparency (cm) 64.33 | 104.2 95.42+1145.01 50 - 50
Depth (m) 6.2 8.83 6.90+82.76 - - -
Total Dissolved Solid (mg/1) 76.5 98.6 84.99+934.9 1000 500 500
Carbon dioxide (mg/L) 0.21 1.6 0.95+11.45 - - -
Nitrates(mg/L) 0.2 8.28 3.77+45.28 <10 10
Phosphates(mg/L) 0.21 5.06 1.88+22.56 <0.1 <0.1 <0.1

Where: WHO-World Health Organisation; USEPA- United States Environmental Protection Agency; SON- Standard Organisation

of Nigeria.

Table 1: The mean, standard error and range of physico-chemical parameters of Gubi Dam and Set standard for Domestic Use

and Aquaculture.

Temp | pH DO | BOD |Alkalinity |Conductivity| Transp. | Depth | TDS | CO2 |Nitrates |Phosphate
Temp. 1
PH -0.403| 1
DO 0.156 [ 0373 | 1
BOD -0.195|0.515|0.375| 1
Alkalinity |-0.125(-0.078|-0.062| 0.193 1
Conductivity | -0.177 |-0.447| -0.35 |-0.237| 0.196 1
Transparency| 0.345 |-0.125(-0.325| 0.056 | -0.176 0.535 1
Depth 0.568 | 0.005 | 0.678 | 0.413 | -0.184 -0.459 -0.081 1
TDS 0.413 (-0.173| 0.287 | 0.246 | 0.147 -0.067 0.105 | 0.675 1
C02 0.095 | 0.432 | 0.911 | 0.558 | -0.185 -0.543 -0.36 | 0.699 | 0.206| 1
Nitrates 0.478 { 0.218 | 0.779 | 0.283 | -0.249 -0.738 -0.37 | 0.875 | 0.355|0.819 1
Phosphate | 0.605 | 0.102| 0.7 |0.466| -0.214 -0.26 0.232 | 0.922 | 0.623 | 0.675| 0.758 1

Table 2: Correlation coefficient between the physicochemical parameters in Gubi Dam, Bauchi state.
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Figure 2: Monthly mean variations in surface water temperature of Gubi Dam Bauchi State Nigeria.

Figure 3: Monthly mean variations in pH of Gubi Dam Bauchi State Nigeria.
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Figure 4: Monthly mean variations in Transparency of Gubi Dam Bauchi State Nigeria.

Figure 5: Monthly mean variations in dissolved oxygen of Gubi Dam Bauchi State Nigeria.
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Figure 6: Monthly mean variations in Biological oxygen demand of Gubi Dam Bauchi State Nigeria.

Figure 7: Monthly mean variations in Electrical conductivity of Gubi Dam Bauchi State Nigeria.
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Figure 8: Monthly mean variations in alkalinity of Gubi Dam Bauchi State Nigeria.

Figure 9: Monthly mean variations in carbon-dioxide of Gubi Dam Bauchi State Nigeria.
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Figure 10: Monthly mean variations in Nitrate of Gubi Dam Bauchi State Nigeria.

Figure 11: Monthly mean variations in phosphate of Gubi Dam Bauchi State Nigeria.
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Figure 12: Monthly mean variations in Total dissolved solids of Gubi Dam Bauchi State Nigeria.

Figure 13: Monthly mean variations in depth of Gubi Dam Bauchi State Nigeria.

o J

Discussion reservoir [17]. The mean water temperature of Gubi Dam
fluctuated between 22.33 °C and 29.33 °C which falls within

Physico-chemical parameters of Gubi Dam during the the adopted range for tropical water bodies [18]. Climatic
study period showed variations which may be associated factors are determined factors for increase or decrease in
with patterns of water use and rainfall. Temperature is temperature in the tropics [19]. Similar mean temperature
an essential factor that influences primary production in value was also reported by Adedeji HA [4] and Uttah CE [20]
Haruna MY. Assessment of the Physico-Chemical Parameters of Gubi Dam, Bauchi State, Copyright© Haruna MY.
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from Lake Ribadu Adamawa and Calabar River respectively.
The increase and decrease in temperature recorded in
the study might be attributed to the climate of tropics
usually before precipitation the increase in temperature is
experienced which coincide with the time of sampling and
to the cold weather of harmattan. The mean variation in pH
values was generally alkaline during the sampling period
and fluctuated between 6.54 and 8.88. Similar mean pH
value was also reported by Tusayi BW [21] in Dadin kowa
Dam, in Watari Dam Kano and in Lake Ribadu Adamawa
[22]. The mean pH value from this study falls within the
recommended values documented by Boyd CE, et al. [23,24]
for most tropical natural waters which suggest that the lake
is good for aquatic life production. The mean variation of
the dissolved oxygen ranged from 6.12-8.59mg/1 which is
similar to the values also reported by Abubakar UM, et al.
[25] who worked on Dadin-kowa reservoir and (10) on Ero
reservoir but higher that the value reported by Anago I], et al.
[26] from Awba Reservoir, University of Ibadan.

Biological oxygen demand recorded in Gubi Dam 0.02
mg/L and 0.07 mg/L was very low compared to the value
0.44 to 2.4 mg/L in Dadin kowa Dam Gombe State. Dhanam S
[27] stated that the Biological oxygen demand of unpolluted
water is less than 1.00 mg/1, moderately polluted water 2.00 -
9.00 mg/1 while heavily polluted water has Biological oxygen
demand more than 10.00 mg/l. In Gubi Dam pH recorded
has strong positive correlation with BOD. Alkalinity value
recorded in this work was between 66.667 and 87.333mg/1
and this is in line with the work of Patil ]G [28] who reported
76mg/1 to 79.30 mg/l in Adan Dam Reservoir and 80.2mg/1
to 105 mg/1 in Oustery Lake. Variation in alkalinity recorded
in this study between the wet and dry months could be
associated to the erosion of the soil with bicarbonate,
carbonate or hydroxide compounds during the wet season
into the water body [29]. The exploitation of alluvial soil at
the Dam site by the citizens of the area may also contribute
to change in alkalinity because it leads to erosion. The mean
value of conductivity (335+4.02umhos/cm) suggests that
the conductivity level is intermediate. Conductivity levels
below 50pmhos/cm are regarded as low; those between 50-
600 umhos/cm are medium while those above 600umhos/
cm are high conductivity [30]. This value of transparency
recorded in Gubi Dam was high compare to the value
recorded by (22) in Watari Dam Kano, however Similar to the
value recorded by Ali MZ [31] in Kogi state. Depth values of
between 6.20m and 8.83m recorded in this study are similar
to those recorded by Aghoghovwia OA [32] of 780 - 1500
cm on Warri River, Nigeria. Higher depth during the wet
period also agrees with the results obtained in other regions
by Aghoghovwia OA [32,33]. Depth values tend to increase
as a result of influx of flood which consequently increases
the volume of water in the basin. The mean value for total
dissolve solid (84.99+934.9) wasrelatively lower in this study
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which is also lower than that of lake Ribadu and Dadin-kowa.
There was positive correlation between the total dissolved
solids and water temperature which is similar to the report
of Eze EC [26] that reported positive correlation between the
total dissolved solids and air temperature. High nitrate value
recorded in this study might be attributed to nitrate fertilizer
leached from Agricultural field and waste disposal in to
the dam. Human activities in the catchment areas usually
introduced inorganic substances that are non-biodegradable
and have been reported to create an environmental burden of
considerable magnitude which effects are left on the quantity
and quality of water resources over a wide range of space
and time scales [4]. Nitrogen value recorded was similar to
the work of and it was high compared to the report of Tusayi
BW [21] in Dadin kowa Dam and those of (35) in a reservoir
of Tamilnadu. Phosphate has strong positive correlation with
temperature. High value of phosphate recorded during the
period of the study were comparable to the work of Nafiu
SA [22] in Watari Dam Kano and these might be associated
with anthropogenic activities that are taking place around
the dam.

Conclusion

In conclusion, it is found that all measured parameters
are within the permissible limits of national and international
standards; hence, the dam can be regarded as stable and
healthy environment which promotes primary productivity
as at the time of this study.
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