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Abstract
In order to understand the effect of climate variability on the water quality of River Kaduna,
Nigeria, water samples were collected from 15 sites along the middle stretch of River
Kaduna for the assessment of 8 physicochemical parameters for a period of 12 consecutive
months. The physicochemical parameters analyzed were temperature, turbidity, pH,
electrical conductivity (EC), dissolved oxygen (DO), 5-day biochemical oxygen demand
(BOD5), total nitrogen (TN) and total phosphorous (TP). Result showed that temperature and
TP were the only parameters among others determined that were within and above the
USEPA permissible limit, regardless of the sampling site during both seasons. This is
because the temperature values recorded during both seasons ranged from 21.5 to 27.0 oC
which is within the USEPA permissible limit (< 40 oC) while that of TP ranged from 0.109 to
0.234 mg/l which is above the USEPA permissible limit (< 0.01 mg/l). It was found that the
river improved in terms of EC, DO, BOD5, TN and TP during the rainy season while turbidity
and pH were improved during the dry season.
Keywords: Dry season, Rainy season, Water quality, Total nitrogen, Electrical conductivity.

1. Introduction
River Kaduna is highly reliable in terms of water availability as sufficient quantity flows even
during the dry season. However, the assumption that water is always available has been
discovered to be incomplete as the availability of water may not necessarily equate to it
usability as reported by Sawyer, McCarty and Parking (2015). This confirms the observation
of Korede (2013) who noted less fishing activities along River Kaduna during dry season
compared to rainy season despite the availability of sufficient water in the river during the dry
season. Usability of the water in any river can only be ascertained by comparing the water
quality with official stated permissible limits set by local or international regulatory bodies.
Hence, several researchers such as Mothiba (2015), Fatai, Paul, and Jude (2014), Yohana,
Adewale, and Mike (2013) and Garba (2012) studied the water quality of River Kaduna by
comparing it with the permissible limits set by the United State Environmental Protection
Agency (USEPA). However, none of the above mentioned researchers on River Kaduna
identified the impact of seasonal difference on the quality of the river. The importance of
understanding the effect of seasonal variability on river quality has earlier been identified by
Richard, Philip, Carma, Stanley and David (2015) who stated that “the physical, chemical
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and microbiological characteristics of water bodies is largely determined by the climatic
conditions prevailing in the drainage basin”.
It has been reported that dead fishes are usually found along River Kaduna during the peak
of dry season while the quality of the river during rainy season discourage its use for laundry
activities (Malali & Rabiu, 2013). This suggests that the quality of the river is influenced by
climatic factors, which is in agreement with the report of Richard, Philip, Carma, Stanley &
David (2015) earlier cited. Therefore, it is essential to understand the impact of seasonal
variability on the chemistry of the water in River Kaduna. This will assist relevant
environmental law enforcement agencies such as the Kaduna State Environmental
Protection Authority (KEPA) to strategize means of protecting the river from been damaged
by climatic conditions. However, this research only considered the section of River Kaduna
within the Kaduna city metropolis (i.e. the middle stretch of River Kaduna) which is 32.7 km.
The research considered only 8 physicochemical parameters which are; temperature,
turbidity, pH, electrical conductivity (EC), dissolved oxygen (DO), 5-day biochemical oxygen
demand (BOD5), total nitrogen (TN) and total phosphorous (TP).
2. Description of Study Area
River Kaduna is found in the northern part of Nigeria with its origin at the Kujama Hill in
Plateau state. It flows through Kaduna city in Kaduna state, dividing the city into north and
south areas before draining directly into the River Niger at the northern shores of Pategi in
Kwara State (Ekiye & Luo, 2010).
Rainfall in River Kaduna is derived from the Equatorial Maritime air mass, characterized by
South-Westerly winds which approach the Gulf of Guinea with a long history of movement
over the Atlantic Ocean. On the other hand, the dry season is derived from the Tropical
Continental air mass characterized by the North-Easterly wind known as the Harmattan
(Saminu, Abdullahi, Tsoho, Nasiru, & Ayinla, 2013). In other words, the climate of the
studied area is very much affected by movement of the Inter-Tropical Convergence Zone
(ITCZ), which is the boundary between the Equatorial Maritime and Tropical Continental air
masses. The rainy season in River Kaduna and it’s environ is normally in the period of May
to October, when the Inter-Tropical Convergence Zone has reached the northern part of
Nigeria. The dry season, usually accompanied with high evaporation rate is from November
to April when the North-Easterly wind covers the whole of the northern part of Nigeria
(Saminu et al., 2013). The mean annual rainfall can be as high as 2000 mm in wet years and
as low as 500 mm in drought years, but with a long term average of 1000 mm while the
mean annual temperature is about 24.5 oC (Sola & Adeniran, 2015). This justifies the reason
for the high and low water current of the river during the rainy and dry seasons which are
2,000 m3s-1 and 1 m3s-1 respectively (Essoka & Umaru, 2015).
3. Materials and Method
3.1.

Materials

Determination of temperature and EC of water samples were achieved via a pocket-sized
dissolved solids and conductivity meter with temperature compensation (TDS & EC hold,
±2%), Griffin Company, USA). pH and Turbidity were analyzed through a Pocket-sized pH
meter (pHep®,
HANNA LTD, England) and HACH 2100N turbidimeter (HANNA LTD,
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England) respectively. On the other hand, DO was determined through a portable dissolved
oxygen meter (DO STARTER300D,
OHAUS Corporation, USA) while BOD5 was
measured by the DO meter after 5 days incubation. Kjeldahl auto distillation machine
(Kjeltec 8200TM FOSS, Sweden) and phosphorous meter (Colorimeter 257, Sherwood, USA)
were used in determining TN and TP respectively. The sampling sites were geo-referenced
using a handheld global position system navigator (Etrex 20x Garmin, USA).
3.2.

Method

The map of River Kaduna within Kaduna city metropolis was obtained through GIS Google
maps from the administrative map of Kaduna state. Thereafter, the sampling sites were
selected to correspond to flow routes and inflow from discharge points. The justification for
selecting these locations as sampling sites is that they represented the best point for gaining
access to the river and also have a more progressive pollution load (Adie, 2008). The
geographical coordinates of the sampling sites were recorded through a global position
system (GPS) as could be seen in Table 1.
Table 1: Sampling Sites Coordinates
Site Code
L1

Site Name
Malali

Geographical Coordinate
10°36'3.09"N, 7°30'21.91"E

L2

Kwarau

10°36'16.96"N, 7°30'5.43"E

L3

NNPC

10°31'29.23"N, 7°28'14.04"E

L4

Kuyi

10°30'56.02"N, 7°28'28.84"E

L5

Barnawa

10°29'44.46"N, 7°26'56.86"E

L6

Kutimbi

10°28'53.12"N, 7°27'6.71"E

L7

Living Faith

10°29'36.82"N, 7°26'16.25"E

L8

Kigo

10°29'57.44"N, 7°26'3.32"E

L9

Down Quarters

10°29'6.80"N, 7°24'13.53"E

L10

Breweries

10°28'40.07"N, 7°24'7.42"E

L11

Ungwa Mu’Azu

10°29'17.15"N, 7°22'56.89"E

L12

Rigasa

10°29'42.63"N, 7°22'45.92"E

L13

Maigiginya

10°29'30.84"N, 7°20'48.66"E

L14

Romi

10°29'10.65"N, 7°20'31.50"E

L15

Railway Bridge

10°29'31.67"N, 7°20'13.77"E

The sampling was done so as to cover both dry and rainy seasons hence, water samples
were collected monthly at the sampling sites between June 2016 and May 2017. This
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sampling frequency and duration is in line with Udiba, Diya’uddeen, Inuwa, Ashade,
Anyanwu, Meka, and Odeke (2014) and Esengul, Cem and Arzu (2014). At each sampling
site, high density polyethylene (HDPE) plastic bottles were dipped below the water surface
against the direction of the water current. Prior to sampling, the sample bottles were
disinfected with methylated spirit and then thoroughly rinsed with the sampled water before
sample collection as recommended by APHA, (2012). The collected samples were stored in
a cooler containing ice and delivered on the same day to the laboratory where they were
refrigerated until analysis however, temperature, pH, DO and EC were determined in-situ.
Samples were taken from the most upstream site first and continued to the most
downstream site. Sampling in this manner assumes that before sampling downstream
location, the water quality already sampled upstream must have flowed to that point. The
months of November, December, January, February, March and April were categorized as
dry season while May, June, July, August, September and October were classified as rainy
season.
In each of the water quality indicators, the mean values of both dry season and rainy season
months were determined and were used to determine the effect of seasonality on the water
quality indicators via multiple bar charts drawn by the use of Microsoft Excel 2016. The
charts clearly showed the concentrations of each of the water quality parameter considered
in all the sampling stations during each season via colour legends allotted to each season.
This aided the determination of the very season (dry or rainy) that improved or deteriorated
the quality of each of the consigned parameters. The data were further subjected to
Microsoft Excel 2016 to establish a relationship between the water quality indicators and
downstream location along River Kaduna during both seasons through line graphs. Test for
significant differences between the observed water quality parameters and their respective
permissible limits were achieved through the students’ t-test.
4. Results and Discussion
4.1.

Temperature

The water temperature values recorded during the rainy season were higher than those of
the dry season in all the sampling sites as could be seen in Fig. 1. This could be attributed to
the fact that, atmospheric humidity is lower during the dry season (especially harmattan
period) than rainy season. This might have caused more water molecules on the surface of
River Kaduna to have evaporated during the dry season than rainy season. This higher
evaporation rate during the dry season resulted to the lower water temperature observed
(cooling effect of evaporation) during dry season (Ogbozige, Ibrahim & Adie, 2018).
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Figure 1: Seasonal Variation of Temperature across Sampling Sites
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The water temperature values observed in the catchment area (River Kaduna) during each
season (dry season and rainy season) did not show large variations irrespective of the
sampling site (Fig. 1). This is because the dry season values ranged from 21.5 oC to 22 oC
while the rainy season values ranged from 25.7 oC to 27 oC which is in accordance with an
earlier work conducted by Yusuf, Durojaiye and Salawudeen (2008). Nevertheless, a
significant difference (p < 0.01) existed between temperature values recorded in both
seasons. This implies that the temperature of the river is climatologically influenced. This
assertion is in agreement with the report of EPA (2001).
The line graph shown in Fig. 2 indicates that the river temperature during both seasons
decrease as the water flow downstream. This drop in temperature could be attributed to the
aeration of the flowing water due to the turbulence created by the presence of numerous
rocks in the river. The degrees of the regression equations shown in Fig. 2 suggest that the
river temperature fluctuated more during the rainy season. This might be due to the
characteristics of the different runoff that flow from various points into the river.
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Figure 2: Relationship between Temperature and Downstream Location in River
Kaduna
4.2.

Turbidity

It is evident from Fig. 3 that in all the sampling sites, the turbidity values recorded during the
rainy season were excessively higher than those observed during the dry season. This is
because the turbidity of the river during the dry season ranged from 1.572 NTU to 18.365
NTU while during the rainy season, it ranged from 44.308 NTU to 151.383 NTU.
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Figure 3: Seasonal Variation of Turbidity across Sampling Sites
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The higher values of turbidity during the rainy season compared to the dry season might be
as a result of runoff which is a product of rainfall. Runoff carries clay particles, silt and sand
washings, organic and biological sludge etc. from agricultural fields as well as from
drainages and unpaved urban land in which the soil is easily washed. This runoff with its
associated debris finally flows into the river thereby causing the river water to be highly
turbid during the rainy season. Conversely, the presence of turbidity (although small) during
the dry season despite the absence of runoff might be caused by in-stream activities. This is
because during dry season, river depths are usually shallow as a result of less volume of
water hence, in-stream activities such as watering of animals by nomads as well as rowing
of canoes by fishermen might have stirred up bottom sediments which consequently made
the water turbid. The extremely higher turbidity values recorded during the rainy season
compared to dry season is in agreement with the works of Ogedengbe and Oke (2015) as
well as Jaji, Bamgbose, Odukoya, and Arowolo, (2013).
There is no significant difference (at p < 0.01) between the turbidity values recorded during
dry season and the permissible limit set by the USEPA (5 NTU). On the contrary, the
turbidity values recorded during the rainy season were significantly higher than the USEPA
permissible limit, suggesting that the turbidity of the river is influenced by the sampling
season. The high turbidity recorded during the rainy season can meaningfully reduce the
aesthetic quality of the river with a negative impact on recreation and tourism. It can also
increase the cost of water treatment for drinking and food processing as well as harming
fishes and other aquatic lives by reducing food supplies, degrading spawning beds and
affecting gill functions (Ursula, Anne, Guilermo & Duncan, 2016).
Fig. 4 revealed that during the rainy season, the turbidity level at a distance of 13.18 km
downstream of the commencement point was excessively high. This point corresponds to
built-up and agricultural watersheds at the NNPC water intake station in between Ungwa
Rimi and Ungwa Maigero communities along River Kaduna at Chikun Local Government
Area of Kaduna state. This denotes an urgent attention of environmental standards
enforcement agents to find out the cause in other to safeguard the river.
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Figure 4: Relationship between Turbidity and Downstream Location in River Kaduna
4.3.

pH

It is clearly shown in Fig. 5 that lower pH values were recorded during the rainy season
compared to the dry season which could be accredited to the effect of precipitation (rainfall).
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This is because atmospheric pollutants, particularly oxides of sulphur and nitrogen triggered
by anthropogenic activities such as burning of fossil fuels (coal, oil and gas), can cause
precipitation to become acidic when converted to sulphuric and nitric acids. The air quality of
Kaduna city had earlier been noted of having high concentrations of SO2 and NO2 by
Mahmoud and Dauda (2012). Hence, the rainfall (acid rain) might have caused the drop in
pH of the river during the rainy season. A similar observation of lower pH in surface water
(river) during rainy season compared to dry season had earlier been noted by Wogbere,
Gbenga, and Randy, (2013) and Yusuf, Durojaiye and Salawudeen (2008). The variations in
pH between the seasons in all the sampling sites were not much since the pH values
recorded during the dry and rainy seasons ranged from 6.8 to 9.2 and 6.3 to 8.7
respectively. Nevertheless, a significant difference (p < 0.01) was observed between the
values obtained during the dry season and rainy season. This denotes that the pH of the
river was influenced by the sampling season.
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Figure 5: Seasonal Variation of pH across Sampling Sites

pH

The information displayed in Fig. 6 indicates that the pH within River Kaduna fluctuated more
during the rainy season.
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Figure 6: Relationship between pH and Downstream Location in River Kaduna
4.4.

Electrical Conductivity

The electrical conductivity (EC) of the river (River Kaduna) during the sampling period
ranged from147 µS/cm to 869 µS/cm during the dry season and 105 µS/cm to 752 µS/cm
during the rainy season. Hence, the EC values were lower during the rainy season as clearly
shown in Fig. 7. This is because water conductivity is affected by the presence of inorganic
dissolved solids such as chloride, nitrate, sulfate, and phosphate anions or sodium,
magnesium, calcium, iron, and aluminum cations. Hence, the dilution of the concentrations
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of these dissolved solids by precipitation which occurred during the rainy season might be
the reason for the lower EC values recorded during the rainy season. This finding is in line
with that of Mohammed, Ibrahim, Badaru, Garba and Kudu (2015) but contrary to the report
of Esengul and Arzu (2014) which noted higher EC during rainy season in a similar study.
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Figure 7: Seasonal Variation of Electrical Conductivity across Sampling Sites
The student’s t-test revealed that there was a significant difference (p < 0.01) between the
EC values recorded during the dry season and rainy season. However, the EC values during
both seasons were significantly lower than the maximum permissible limit set by USEPA
(750 µS/cm). The fluctuation pattern of EC along the river during both seasons is shown in
Fig. 8.
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Figure 8: Relationship between EC and Downstream Location in River Kaduna
4.5.

Dissolved Oxygen

The influence of season on the dissolved oxygen (DO) content of River Kaduna was distinct
as Fig. 9 clearly showed that the DO contents were higher during the rainy season in all the
sampling sites. The DO content during the dry season fluctuated between 2.76 to
6.19 mg/l while during the rainy season, it fluctuated between 3.97 to 7.78 mg/l.
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Figure 9: Seasonal variation of dissolved oxygen across sampling site
The high DO content recorded during the rainy season could be attributed to the presence of
numerous rocks in the river which obstructed the high water current usually experienced
during the rainy season. This obstruction produced turbulence which created aeration or
oxygenation of the flowing water unlike the case of water stagnation during the dry season.
This was buttressed by the student’s t-test which showed that the rainy season and dry
season DO contents were significantly (p < 0.01) higher and lower than the minimum
permissible limit set by USEPA (5 mg/l), respectively. This implies that River Kaduna is not
safe in terms of DO during dry season.
The curves in Fig. 10 indicate that both seasons (dry and rainy) recorded similar variation
patterns in the concentrations of DO as the water flow downstream along River Kaduna. The
DO content of the water in both seasons deteriorated (reduced) from the first sampling site
at Malali to 27.62 km downstream at Kakuri and thereafter, improved (increased) till the last
sampling site. Low level of DO in a water body reduces the potential of the water to be used
for fishery and aquaculture (Bolorunduro, 2016).
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Figure 10: Relationship between Dissolved Oxygen and Downstream Location in River
Kaduna
4.6.

5-Days Biochemical Oxygen Demand

The 5-days biochemical oxygen demand (BOD5) recorded during the dry season in some of
the sapling sites were above the maximum permissible limit (2.0 mg/l) since the BOD
content during the dry season stretched from 0.31 to 2.53 mg/l. Nevertheless, the dry
season BOD were not significantly (p < 0.01) above the maximum USEPA permissible limit.
On the other hand, the BOD of the river during the rainy season stretched from 0.18 mg/l to
2.27 mg/l. Hence, the BOD concentrations noted during the rainy season were significantly
below the maximum permissible limit of 2.0 mg/l at 99% confidence level (p < 0.01).
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Unlike DO, the concentrations of BOD in all the sampling sites were lower during the rainy
season compared to the dry season as could be seen in Fig. 11. This is because during the
rainy season, the river contains higher DO content as earlier explained in section 4.5. This
synergy noted between the BOD and DO was also observed in similar researches carried
out by Cansu, Arzu, Birdal and Yavuz, (2016); Moshood (2016) and Adie (2008). In other
words, as the DO content of a given water sample increases, its BOD reduces and viceversa.
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Figure 11: Seasonal Variation of BOD5 across Sampling Sites
The fluctuation patterns of BOD along River Kaduna during both seasons were similar (Fig.
12). Nevertheless, the highest BOD during the dry season was recorded at 24.90 km
downstream of the sampling starting point while the rainy season highest value was
recorded at 19.13 km downstream. Beyond these points, the BOD during both seasons
improved (reduced) as the water flow downstream till the last sampling site which is 32.70
km away from the starting point.
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Figure 12: Relationship between BOD5 and Downstream Location in River Kaduna
4.7.
Total Nitrogen
Lower concentrations of total nitrogen (TN) were noticed during the rainy season (0.71 to
0.98 mg/l) compared to the dry season (1.23 mg/l to 1.70 mg/l) as could be seen in Fig. 13.
This might be as a result of the effect of precipitation on pollutant dilution experienced during
the rainy season. In addition, during rainy season, not all the precipitation (rainfall) on a
watershed flows as surface runoff into streams and rivers. Part of the rainfall known as subsurface runoff or interflow leached into the soil and moves laterally (without joining the water
table) to streams or rivers. However, another proportion of the rainfall known as base flow
infiltrate deep into the soil and meet the water table before flowing into streams, rivers and
ocean. The movement of water in this type of runoff (base flow) is very slow before joining
streams or rivers, hence, base flow is also known as delayed runoff (Subramanya, 2016).
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Total nitrogen (mg/l)

Nitrate (NO3-) in percolated water is usually caused by the oxidation of nitrogen compounds
by soil bacteria and it moves freely with groundwater flow. Hence, the higher values of TN
during the dry season could also be caused by deep infiltrated waters (base flow) that were
contaminated with nitrogen compounds which leached into the streams and rivers during dry
season. This observation of higher concentration of TN during dry season compared to rainy
season had earlier been reported by Moshood. (2016); Biao, Yanfeng, Xuezhend and
Dongsheng (2014) and Adie (2008).
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Figure 13: Seasonal Variation of Total Nitrogen across Sampling Sites

Total nitrogen (mg/l)

Statistically, the concentrations of TN during the rainy season along River Kaduna were
significantly below (p < 0.01) the maximum permissible limit (1.0 mg/l) set by USEPA.
Conversely, the observed concentrations of TN during the dry season were significantly
higher than the maximum permissible limit regardless of the sampling site. This further
confirms that the nitrogen content of the river was seriously influenced by seasonal
variability. The curves in Fig. 14 make known that the concentrations of TN were highest at
the first and last sampling sites during both seasons. These sampling sites are located within
agricultural watershed.
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Figure 14: Relationship between Total Nitrogen and Downstream Location in River
Kaduna
4.8.

Total Phosphorous

Figure 15 revealed that the concentrations of total phosphorus (TP) in all the sampling sites
during the rainy season (0.109 to 0.142 mg/l) were lower than the concentrations noted
during the dry season (0.179 to 0.234 mg/l). This could be attributed to the same factors
responsible for TN earlier explained in section 4.7. Observation of lower concentrations of
TP in surface water during rainy season compared to dry season were also documented by
Nyenje, Foppen, Uhlenbrook, Kulabbako and Muwanga (2016) and Biao, Yanfeng,
Xuezhend and Dongsherg (2014). However, statistical result revealed that the phosphorous
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level of River Kaduna is significantly higher (p < 0.01) than the maximum allowable limit
(0.1mg/l) irrespective of the season and sampling site.
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Figure 15: Seasonal Variation of Total Phosphorous across Sampling Sites

Total phosphorous (mg/l)

The presence of phosphorus in water does not represent a direct threat to humans and other
organisms nevertheless, it represents a serious indirect threat to surface water quality. This
is because phosphorus is the limiting nutrient in surface waters, hence, when the
concentration is increased, rapid growth of aquatic plants such as algae usually result with
severe consequences. This information suggests that the anthropogenic activities within the
watershed that could trigger the increase of phosphorus should be thoroughly checked in
order to avoid eutrophication of the river. Just like the case of nitrogen, Fig. 16 also indicates
that the phosphorus concentrations noticed along River Kaduna were higher at the
beginning and ending parts of the stretch of the river considered during both seasons.
Dry Season
0.25

Rainy Season

y = 6E-05x6 - 0.0021x5 + 0.0265x4 - 0.1656x3 + 0.5332x2 - 0.8306x + 0.6724
R² = 0.9707

0.2
0.15
0.1

y = 5E-05x6 - 0.0015x5 + 0.0186x4 - 0.113x3 + 0.3551x2 - 0.5414x + 0.424
R² = 0.9623

0.05
0

0

13.18

17.63

19.13

24.9

27.62

31.64

32.7

Sampling distance (km)

Figure 16: Relationship between Total Phosphorous and Downstream Location in
River Kaduna
5. Conclusion
It is evident from this study, that rainy season positively influenced the water quality of River
Kaduna in terms of electrical conductivity, dissolved oxygen, biochemical oxygen demand,
phosphorous and nitrogen while turbidity and pH were improved during the dry season. The
dissolved oxygen content of River Kaduna during the dry season was significantly less than
the minimum permissible limit for river protection
(5.0 mg/l) at 99% confidence level.
This low DO content during the dry season could suffocate fishes which might be one of the
reasons, among others, for the floating of death fishes along the river during the peak of dry
season. The turbidity of River Kaduna is excessively higher than the permissible limit for
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river protection during the rainy season. This might be a major factor among others that
discourage the use of the river for laundry activities during the rainy season.
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