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Abstract

The water quality and concentrations of selected heavy metals (cadmium, lead, and zinc) in Saba River, Osogbo were
assessed monthly over a period of six months with a view to providing information on the water quality of the potentially
polluted urban river system. Three sampling sites were selected along the Saba River (the upper reach of the river (Station A),
mid-point of the river (Station B) and the lower reach of the river where it emptied into River Osun (Station C)). The
recorded ambient air and water temperature, pH, alkalinity conductivity, total hardness, BOD and COD, as well as the
phosphate and nitrate levels of Saba River, were within the maximum allowable regulatory limits of WHO (2011). The
dissolved oxygen level between March and April in all the sampling points were in the limit of putting aquatic life under stress
(<5.0 mg/L). Also the alkalinity level in station B between February and June, and in Station C from February till May were
however above the maximum allowable desirable range of EPA (2001) and WHO (2011). The concentration of zinc, which
ranged from 717 to 1,000 pg/L, was the highest amongst the selected metals assayed in the water. However, the mean
concentration of lead in the water samples collected from Stations B and C (26 pg/L and 24 pg/L, respectively) was found to
be above recommended regulatory acceptable limits of 20 pg/L of WHO (2011) and FEPA (2007). The study concluded that

the physico-chemical indices of the water quality indicated that the river was mildly polluted.
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Introduction

Apart from natural influences which range from
geological, hydrological and climatic factors (UNEP /
WHO, 1996), population growth coupled with other
factors such as urbanization, agricultural activities, industrial
and commercial processes has resulted in the accumulation
of wastes and pollutants that ends up in water bodies.
Moreover, heavy metals which are natural trace components
of the aquatic environment, as well as constitute of most
hazardous substances that could be accumulated in the
biota, may be discharged from industries, farmlands,
municipal urban water run-offs and agricultural activities
into water surface, thereby causing pollution (Butu e 4L,
2013). This has significant influence on the quality of water,
species composition and biodiversity of many aquatic
systems (Dike ez al., 2004).

Water pollution directly or indirectly affects both
terrestrial and aquatic life (Chapman and Kimstach, 1996;
Gulson ez al., 1997; Ogunfowokan ez al., 2005; Duruibe ez

al., 2007; Lawson, 2011). This depends largely on the
concentration of the pollutants, which is in turn determined
by their degradation level and the volume of the receiving
waterbody (Sterrit and Lester, 1998). Different indicators
are the biochemical reactions within water systems which is
a function of physico-chemical parameters such as
temperature, pH, dissolved oxygen, total dissolved solids,
and nutrient loads (Gulson ez 4/., 1997).

Studies have shown that most rivers flowing through
heavily urbanized and industrialized areas in Nigeria are
contaminated with high concentration of some metallic
ions of variable and unsuitable physico-chemical
characteristics (Peretiemo-Clarke ez 4/, 2009). Osogbo, a
south-western city in Nigeria is not heavily industrialised,
however a lot of anthropogenic activities (indiscriminate
dumping of refuse, defecating and erosion which washes
agricultural residues like fertilizers into water bodies) impact
the aquatic ecosystems. Therefore, assessment of the water
quality and heavy metal load of Saba River which is a
distributary of the Osun River located in a metropolitan

Received: 30 Nov 2016. Received in revised form: 21 Jun 2017. Accepted: 22 Jun 2017. Published online: 30 Jun 2017.



Yusuf OA et al / Not Sci Biol, 2017, 9(2):188-195

town like Osogbo, and the potential risk of domestic use
and the aquatic biota is very essential, hence the hereby
investigation was undertaken.

Materials and Methods

Description of study site

Saba River is one of the small rivers in the Osogbo
metropolis which has its source from a Lake named 264
located in the Saba community and empties into the Osun
River in Osogbo. The river is located approximately within
the Latitudes 07°79'96" to 07°77'84"N and Longitude
004°56'22" to 004°54'03"E (Fig. 1) and covered a distance
of 5.20 km from its source to the point of discharge into
River Osun. The river along its channel serves the purpose
of irrigation for peasant vegetable and maize farmers and
source of water into earthen ponds for fish culture.
Mechanic workshops were also situated along the river
bank, as well as a market community whose organic wastes
are being disposed into the river.

Three sampling stations designated Stations A, B and C,
were established along the river channel with the
geographical points shown in Table 1. Station A was located
within the Saba community, about 200 meters to Lake 264.
The sampling point was picked based on its accessibility and
nearness to the Lake and it was an area devoid of municipal
and domestic wastes. Station B was located almost at the
mid-point of the river channel around Rasco where
mechanic workshops were also situated, while Station C was
located around Alekuwodo market just before the point of

Table 1. Geographical location of the sampled stations

Sz;n;ipnl:g Latitudes (N) Longitudes (E) Elevation (m)
Station A 07°79' 64" 04°56'2.1"" 423
Station B 07°78'20.7" 04°54'75.4" 423
Station C 07°77'84.2" 04°54'03.3"" 420
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Fig. 1. (X) Map of Nigeria showing Osun State, (Y) Map of
Osun State showing Osogbo and Olorunda Local Government
Areas, (Z) Map showing the Lake and the sampled stations on
the Saba River
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entry of the river into the Osun River. About the midpoint
of station B from A is a refuse dumping site, while between
sampling stations B and C is the market dump site.

Water sample collection

Water samples were collected fortnightly at the surface
level from the three selected sampling stations along the
river channel for a period of six months between January
and June, 2015 for the physico-chemical analysis and
determination of the selected metallic ion concentration.
Samples were collected in 2 [ sterilized plastic containers.
During sampling, the containers were rinsed three times
with sample water before filling with the samples. After
collection, the samples were protected from direct sunlight
and transported in a cooler box containing ice packs to the
laboratory for analysis. All samples were stored at 4 °C and
analysed within 48 hours of sample collection.

Physicochemical water quality analysis

Air and water temperature were determined in situ
using mercury in glass thermometer, while multipurpose
pH/ion meter was used to determine pH, conductivity and
TDS levels on the field. DO, BOD, COD, alkalinity, acidity
and total hardness were determined using standard methods
of Golterman (1978), Ademoroti (1996), APHA, AWWA
and WEF (1992) as applicable. Phosphate and nitrate were
determined using colorimetric methods, while the heavy
metal concentration were determined using Atomic
Absorption Spectophotometry (AAS).

Data on the water quality parameters and the metallic
ion concentration of the water samples across the sampled
stations were subjected to repeated measure analysis of
variance (ANOVA) and Duncan’s Post hoc Multiple test
rar;ge as applicable using SPSS software package (Version
21).

Results and Discussion

Temperature

The mean monthly values of the water temperature
varied between 25 °C and 26.5 + 0.71 °C (Fig. 2). The
variations in the ambient and water temperature between
the three stations were found not to be significantly
different (P > 0.05) (Table 2). An inconsistent variation
pattern in the monthly mean water temperature value was
observed across the sampling stations during the period of
study (Fig. 2). However, water temperature values recorded
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Fig. 2. The monthly mean variation of water temperature (°C)
of the water sampled from Saba River
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Table 2. Post-Hoc Multiple comparison (Duncan Multiple Range Test) to compare mean variations in physico-chemical and heavy metal parameters

of the water across the sampling Stations

Parameters Station A Station B Station C
(Mean +S.D) (Mean +S.D) (Mean +S.D)
Air Temperature (°C) 26.08 £0.27° 26.25 £0.27° 26.25 £0.27°
Water Temperature (°C) 25.42 £0.21° 25.58 £0.21° 25.67 £0.21°
Conductivity (uS/cm) 291.27 £19.44° 507.62 +19.44* 482.85 +£19.44*
TDS (mg/L) 183.92 7.07° 303.17 +7.07* 288.17 +2.07*
pH 7.36 +£0.28* 7.30 £0.28* 7.58 £0.28"
Hardness (mg/L CaCO:s) 96.87 +5.93 155.31 £5.93* 156.98 +5.93*
Acidity (mg/L CaCO:s) 21.33 +£2.34* 59.67 +2.34 39.50 +2.34¢
Alkalinity(mg/L CaCOs3) 120.17 £4.96* 203.67 £4.96 177.17 +4.96¢
DO (mg/L) 6.70+£0.48" 6.60£0.48" 6.20+0.48*
BOD (mg/L) 6.430.44° 6.47+0.44" 6.73+0.44"
COD (mg/L) 19.70£0.99* 24.28+0.99" 21.90+0.99
Phosphate mg/L 3.25+0.13° 4.70+0.13° 3.03+0.13°
Nitrate mg/L 1.9240.13* 2.8640.13" 1.6740.13*
Cadmium (ug/L) 19.92+1.11° 27.33£111° 25.17+1.11°
Lead (pg/L) 8.67+0.72° 27.0040.72° 24.3340.72°
Zine (ug/L) 776.33£19.56" 927.50+19.56* 931.08+19.56°
Arsenic (ug/L) 0.50+0.13" 3.75+0.13" 5.25+0.13"
Chromium (ug/L) 0.67+0.13° 1.9240.13* 2.17+0.13*
* Row means with the same superscript are not significantly different from cach other (P>0.05).
700 - the values ranging from near neutral to weakly alkaline (7.18
600 sampled  and 7.64). The highest mean pH value was recorded in
T <00 stations  March and May 2015 at Station C, while the lowest value
) HA was also recorded in March 2015 at sampling station B (Fig,
Z 400 . 4). The pH values were within acceptable range (6.5 to 8.5
£ 300 for most lakes, rivers and streams (Welch, 1952). The pH
2 500 c range recorded was equally similar to those recorded in
S some other Nigerian waterbodies (Onwudinjo, 1990;
1a0 Ogbeidu, 1991; Odum, 1992). Although the pH values
0 recorded in Saba River was slightly alkaline during the
Jan Feb  Mar  Apr  May  Jun period of study, it was within the recommended values of
Month (2015)

Fig. 3. The monthly mean variation of water conductivity
(uS/cm) of the water sampled from Saba River

during the sampling period which ranged from 23.0 °C to
28.0 °C fell within the optimal range values 21 °C and 32 °C
recorded for several tropical freshwaters (Ayodele and Ajani,
1999; Ali, 2007; Shektia, 2008).

Conductivity

Conductivity is an index of the total ionic content of
water and an indication of the freshness or otherwise of the
water (Ogbeibu, 1991). Electrical conductivity values of
255.05 pS/cm to 593.60 uS/cm recorded in Saba River
during the sampling period fell within the range of 10-1000
uS/cm known for many African water bodies (Chapman
and Kimstach, 1996). Throughout the period of study,
irrespective of the month, conductivity level followed this
order: Station B > Station C > Station A. However,
conductivity level reached its peak in March 2015 (Fig. 3).
The mean conductivity values of the water sampled from
Stations B and C were not statistically different (P > 0.05),
but were statistically higher (P < 0.005) than the mean
conductivity of the water samples collected from station A

(Table 2).

Determination of pH
The hydrogen ion concentration (pH) of Saba River
showed slight variations within the sampling period with

6.6 and 8.5 by WHO (2011) and FEPA (2007). Statistical
analyses however showed that the monthly mean pH values
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Fig. 4. The monthly mean variation of water pH of the water
sampled from Saba River
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of the water sampled from sampling Stations A and B were
not significantly different (P > 0.05) from each other, but
were however significantly different (P < 0.05) from station

C pH (Table 2).

Total hardness

The total hardness values of the water recorded within
the study period in Saba River which ranged between 93.62
mg/L CaCO3 and 200.33 mg/L CaCO3 was above the
desirable range of 50-150 mg/L CaCO3 (Stone and
Thomforde, 2004) but correlated with the values recorded
by Lawson (2011) in the mangrove swamps of Lagos
Lagoon. Higher values of total dissolved solid recorded in
Station B and Station C, especially in April and March 2015
respectively, could probably be due to various activities
around the sampled stations (Fig. 5). Such notable activities
include dumping of wastes, utilisation of soaps and
detergents in car wash and building construction around
stations B and C. Heavy runoffs, as a result of early rainfall
during these months, could also contribute to these higher
values. Comparatively however, the total hardness of water
sample collected from Station A was found to be
sisgniﬁcantly lower (P < 0.05) than Stations B and C (Table
2).

Acidity

Acidity, which is the quantitative expression of water
capacity to neutralize a strong base to a designated pH and
an indicator of water corrosiveness (Hach, 1989), ranged
during the study period between 11.0 mg/L and 81.0 mg/L,
with Station B having the highest value, while Station A had
the lowest acidity. Although there is no documented
reference or recommended acceptable limit for acidity in
waterbodies (EPA, 2001), Longe and Ogundipe (2011)
however reported that faccal droppings are known to
increase organic level of water, which in turn leads to
increasing acidity level. The highest acidity value in Station
B over the other stations could probably be due to the
observed solid waste disposal practice as faccal dump was a
prominent feature in the station’s catchment area. Fig. 6
showed that there was a gradual increase in the monthly
mean total acidity between January and April 2015,
followed by a decline, with the lowest value recorded in June
2015. The increase in acidity level between these periods
could be as a result of high temperature, which aids
decomposition of organic wastes and decrease in water
volume resulting in higher concentration of the nutrients.
The total acidity was also significantly different (P < 0.05)

with respect to the sampling stations.

Alkalinity

Alkalinity values which ranged between 108 and 267
mg/L CaCO3 was recorded in Saba River during the
sampling period (Fig. 7). The levels recorded in Station B
and C between February and June were however higher
than the prescribed acceptable limit of 120-170 mg/L for
domestic use (WHO 2011), but fell within acceptable limit
of 20-200 mg/L and 30 to 500 mg/L for fish and shrimp
production %Abowei and George, 2010). Comparative
analyses showed that the mean alkalinity values between the
sampling stations were significantly different (P < 0.05)
during t%e period of study (Table 2).

191

Dissolved Oxygen

The dissolved Oxygen (DO) values recorded in water
samples collected from Saba River during the study period
which ranged between 2.0 mg/L to 12.6 mg/L was similar
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Fig. 6. The monthly mean variation in the acidity (mg/L
CaCQ;) of the water sampled from Saba River
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Fig. 7. The monthly mean variation in the alkalinity (mg/L
CaCO:s) of the water sampled from Saba River
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to those reported for many other polluted Nigerian waters
(Victor and Onmivbori, 1996; Edokpayi and Osimen,
2001; Ogunwenmo and Kusemiju, 2004; Deckay et al,
2010). The high organic content from human faeces,
decayed plant materials and domestic wastes dumped into
the River could probably be responsible for the low
dissolved oxygen recorded in March and April, 2015 across
all the sampled stations. Even more, the high DO value
recorded in June (Fig. 8) could probably be due to ecarly
rainfall which has led to the increase in water volume,
turbulence and increased dissolution of oxygen at air-water
interphase. The difference in the mean dissolved oxygen levels
of the sampled stations during the period of study were,
however, statistically insignificant (P > 0.05) (Table 2).

Biological Oxygen Demand (BODs)

BODS5 has been classified based on fair measure of
cleanliness of any water such that values less than 2 mg/L
are clean, 3-5 mg/L fairly clean, while water body with 10
mg/L and above value is definitely bad and polluted (Clerk,
1986; Bhatnagar and Singh, 2010; Ekubo and Abowei,
2011). The BODS values obtained from the various
sampled stations which ranged between 4.0 and 9.4 mg/L
are an indication of the level of pollution in Saba River,
which could be classified as fairly polluted. In spite of the
variations in the monthly mean BODS5 across the stations
(Fig. 9), the recorded means were not statistically different

(P> 0.05) (Table 2).

Chemical Oxygen Demand (COD)

According to Ogunfowokan ez 4l. (2005), an increase in
COD could be attributed to increase in addition of both
organic and inorganic substances from the environment, as
well as organic contaminant entering water systems. Water
from Saba River with COD values ranging from 14.95
mg/L to 31.47 mg/L fell within the acceptable limit of 20 —
60 mg/L of EPA (2001) and WHO (2011). Similar pattern
of COD values was recorded in all the sampled stations with
the peak COD value recorded in April, 2015 (Fig. 10).
Statistical analysis showed that there were no significant
differences (P > 0.05) in the COD values of water samples
collected from Stations A and C, but the mean COD values
from both stations were significantly different (P < 0.05)
from those of Station B (Table 2).

Phosphate

The phosphate values of Saba River during the period of
study ranged from 1.98 mg/L to 3.77 mg/L which is
indicative of a moderately polluted environment as
phosphate values of between 40 mg/L to 120 mg/L is
considered high and can lead to environmental pollution
(Ajibade ez al,, 2008). Although, the recorded phosphate
values were relatively low, Station B recorded the highest
values of phosphate content in March and April (Fig. 11)
during the period of study.

Despite the higher concentrations of phosphate at
station B which could be due to the discharges of refuse rich
in phosphate ions, the river could still be considered healthy
because the levels of nutrients for unhealthy aquatic
ecosystems approximately 5 mg/L of P as orthophosphate
and organophosphate (Limbu and Kyevalyanga, 2015).
This level is still higher compared to highest concentrations
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Fig. 10. The monthly mean variation in the chemical oxygen
demand (mg/L) of the water sampled from Saba River
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Fig. 12. The monthly mean variation in the nitrate (mg/L)
levels of the water sampled from Saba River

of 3.77 mg/L for phosphate recorded in this study.
However, release of nutrients in the study area should be
limited to avoid excessive growth of phytoplankton and
macroalgae, or even development of harmful algal blooms
(HBAs) in the case of phytoplankton.

However, the general trend in all the sampled stations
was that the phosphate content increases from January
2015 reaching the peak around March/April 2015 before
declining gradually till June 2015 (Fig. 11), which may be
due to the dilution of the phosphate content as a result of
heavy rainfall and runoffs of surrounding water. There was
no significant difference (P > 0.05) in the phosphate
content of sampled station A and C; however, the
phosphate contents of the two stations were significantly
different (P < 0.05) from that Station B (Table 2).
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Nitrate

The nitrate concentration of Saba River during the
period of study was in the range of 1.175 to 3.690 mg/L
(Fig. 12) which was below WHO (2003) guideline value of
50 mg/L. This value was even low compared to the values of
37.25 mg/L and 43.89 mg/L reported by Igbinosa et al.
(2012) in Shanomi creck, Niger Delta, Nigeria. The low
values of nitrate recorded in Saba River during the study
period showed that the river was mildly polluted with
nitrogen pollutants. Statistical ~analysis showed no
signif%cant differences (P > 0.05) between the mean nitrate
levels of samples collected from Stations A and C, however,
the nitrate concentration of samples from Station B was
significantly higher (P < 0.05) than those from both
sampled Stations A and C (Table 2).

Heavy metals
Cadmium

Cadmium concentration in Saba River during the
period of study which recorded a mean monthly range value
of 0.0145 and 0.0385 mg/L was above the acceptable limit
of 0.005 mg/L of EPA (ATSDR, 1999) and 0.003 mg/L of
WHO and FEPA for potable water (WHO, 1984 and
FEPA, 2007). The concentration of cadmium in Saba River
was higher in Station B and C, but lower in Station A.
These higher values of cadmium in the water samples from
stations B and C could be attributed to various
anthropogenic activities especially dumping of wastes into
the river while station A, which is close to the river source is
almost devoid of pollution. Also, few meters before Station
B, there is a mechanic workshop from where runoff of
battery waste waters, engine oil and other hydrocarbon by-
products is inevitable. Irrespective of the sampled points,
highest Cadmium concentration was recorded in March
2015 (Fig. 13) with a gradual decline during the subsequent
months. This increase in cadmium concentrations from
January to March could probably be attributed to decrease
in volume of the water and increase in temperature.

Lead

Lead concentration in Saba River with monthly mean
range of 0.0070 mg/L to 0.0335 mg/L was similar to lead
concentration reported by Dike et al. (2004) in River Jakara,
Kano State and is above the acceptable limit in potable
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Fig. 13. The monthly mean variation in the cadmium (mg/L)
levels of the water sampled from Saba River
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water of 0.02 mg/L (WHO, 1996 and FEPA, 2007). The
lead concentrations values were also significantly higher in
Stations B and C than in Station A (Fig. 14). This may also
be due to direct release of domestic waste containing lead
form anthropogenic activities in these stations catchment
area that could have led to increase in lead concentrations.
General comparative analysis of lead concentrations
amongst the sampled stations showed no statistically

significant difference (P > 0.05) (Table 2).

Zinc

Zinc concentration in Saba River recorded a monthly
mean range of 0.717 to 1.00 mg/L which is below the
acceptable limit for potable water of 5 mg/L (WHO 2011).
Although the values of zinc concentrations in Saba River
during the period of study was generally low compared to
acceptable limits of 5 mg/L (WHO, 2011), the recorded
values were higher in Stations B and C, which could also be
as a result of pollution and lower in station A (Fig. 15).
Higher value of the element in Stations B and C could
probably be attributed to pollution effects downstream.
Zinc is required in the body in trace amount as it helps
balance copper in the body, and is essential for male
reproductive activity (Nolan, 2003), while also serving as a
co-factor for dehydrogenating enzymes and in carbonic
anhydrase (Holum, 1983). Zinc deficiency causes anacmia
and retardation of growth and development (McCluggage,
1991). Hence, the recorded low concentration of zinc could
have made the river suitable for consumption, but was
noted the higher level of other heavy-metals. Comparative
analysis in the level of zinc between the sampled stations
showed no significant differences (P > 0.05) between

Stations B and C which were however significantly higher
than Station A (P < 0.05) (Table 2).
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Conclusions

The assessment of the water quality revealed that most
of the physicochemical parameters determined were within
the minimum and maximum allowable limits with the
exception of some oxygen parameters (DO, BOD and
COD), which showed a level of pollution in the river.
Cadmium and Lead concentration values were also found
to be above acceptable limits of WHO and FEPA.
However, the concentration of zinc well within the
acceptable range could be a source of zinc supply to the body
even though the water is not safe for consumption unless
treated. Across the stations, the physico-chemical
parameters of Saba River revealed that most of the
parameters assessed were higher in Stations B and C
compared to Station A which was closer to the river source.
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