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Research Article

Nutrient Enrichment and Hypoxia Threat in Urban
Surface Water

Water samples pooled from nine urban streams/rivers traversing high density
residential and commercial areas in the Abeokuta metropolis, Ogun State, Nigeria,
were investigated in order to determine the effect of inorganic nutrients on oxygen
distribution between 2008 and 2010 by using standard methods. Results revealed that
the metropolitan streams/rivers are anoxic and hypoxia-threatened due to high
nutrient load (NL) except in peri-urban streams/river which served as control. The pH
was 6.6–6.9 and the concentrations of dissolved organic carbon, total nitrogen
and phosphorus (P-PO4

3�) of the streams/rivers were 24.8–155.4, 3.82–15.46 and
1.35–5.71mg/L, respectively, while dissolved oxygen (DO) ranged between 3.25 and
7.46mg/L. The results also showed that the biochemical oxygen demand and chemical
oxygen demand values ranged between 180.81 and 200.62, 250.27 and 312.83mg/L,
respectively. Analysis of variance showed significant differences between sampling
sites as well as seasons (wet and dry) in terms of NL and oxygen levels in all the stream/
river water samples investigated with those from residential locations having higher
NL values during the dry season. Thus, DO levels in almost all the urban streams/rivers
were low, hence the need for regulatory intervention to ensure point of compliance
necessary to protect inland freshwater from sewage inlets.
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1 Introduction

Streams and rivers are major sources of potable water for domestic
and industrial uses, particularly in rural areas. However, the quality
of water running in streams and rivers may be impaired and not
potable or suitable for use if they are polluted by excess nutrients,
organic and inorganic substances such as heavy metals and
radionuclides. In urban settlements, most streams and rivers
traversing metropolitan areas are subject to abuse and unsustain-
able practices. Enormous mass of different categories and ranges of
solid wastes, untreated or partially treated domestic/industrial
wastewater, and releases from agricultural sources are discharged
into such water bodies, thereby enriching them [1]. Indiscriminate
disposal of solid wastes into urban streams and rivers is also a
common practice. Shorelines and coastal water are also at the wit
end of receiving discharges containing variety of unresolved
pollutants from inland surface water discharging their content
into them.

Many African cities lack adequate sewage and waste disposal
systems. This is because of the slow unmatched pace of infrastruc-
tural developments compared to the rapid rate of urbanization and
population growth (http://unfpa.org/webdav/site/global/shared/
documents/publications/2001/swp2001_eng.pdf), industrial activi-
ties and exploitation of natural resources [2]. In most residential
areas, sanitary and toilet wastes are drained into septic systems,
while most household spent liquids, domestic and industrial
wastewater are discharged into streams/rivers or other water bodies
traversing metropolitan areas within urban settlements. Osibanjo
and Adie [3] reported that the pollution of aquatic environment has
increased over the two last decades, although the extent varies from
one place to another, depending on population density, community
settings, value system for aquatic environment resources, and the
level of enforcement of local and regional waste regulatory and
management policy in place.
The exertion of excess energy on surface water by pollutants may

result in undesirable and deleterious effects on aquatic resources,
ecosystem health and integrity, hazards to human health, disrup-
tion of aquatic activities such as fishing, and the impairment of
water quality [2]. Akinro et al. [4] noted that there is a link between
urban environmental degradation and public health in terms of
water related diseases such as diarrhoea, dysentery, cholera and
typhoid in many urban settlements of Nigeria. This may be due to
lack of provision for the rehabilitation and clean-up of wastewater,
lack of adequate wastemanagement and poormonitoring of aquatic
ecosystem health. Also, most residential catchments lack adequate
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standard of living, with poormonitoring of the pollution impacts on
humans, and poor enforcement of regulations (www.un.org/esa/
earthsummit/nigeriac.htm).
The natural mechanism for water self-purification and regenera-

tion process, involving aerobic microbes may demand the use of
oxygen depending on the magnitude of nutrients and organic
pollutants inwater [5]. Pollutants load in receivingwater depends on
the enrichment sources and rate of discharge of nutrients, organics
and other pollutants. Substantial build-up of high concentration of
nutrients in water bodies may lead to excessive consumption of
oxygen thereby pushing up the biochemical and chemical oxygen
requirement of water. Excessive consumption of available oxygen
in water is known to cause anoxic conditions, and if largely
depleted, it may result in hypoxic conditions in water, which lead to
eutrophication or irreversible deleterious changes in water ecology
[6, 7].
Information on nutrients and organic loads in urban surface

water and the threat they pose is scarce and lacking inmany cities in
Nigeria. There is need to characterize polluting nutrients and
organic loads in urban surface water, in order to evolve rational
management procedures for the protection of their ecosystem
integrity, and/or to put in place management systems that can slow
or eliminate the deterioration of water bodies so as to sustain their
natural regeneration and self-purification capacities. In this study,
the concentration levels of some inorganic nutrients and organic
matter and their effects on oxygen distribution in water samples
pooled from nine urban streams/rivers traversing high density
residential and commercial areas in the Abeokuta metropolis, Ogun
State, Nigeria were investigated.

2 Materials and methods

2.1 Study area

Abeokuta the capital of Ogun state is delimited by the coordinates:
7°903900 northern latitude 3°2005400 eastern longitude, and falls
within the southwest region of Nigeria. It is located on the east side
of the Ogun River, and enclosing a cluster of rock-strewn protrusions
rising above the adjacent forested savannah. The city of Abeokuta is
located at a distance of 100 km from the city of Lagos. The city of
Ibadan, the capital of the Oyo state, is located about 70 km away to
the north of Abeokuta. It is an ancient city with urban population of
approximately 5 million people. Due to the undulating topography
of the city landscape, and its location within the tropical rain forest,
several stream and rivers including the Ogun River traverses
through the city. Many of the streams and rivers are surrounded by
residential quarters with very high population [8].

2.2 Collection of samples

Water samples were collected from selected sampling stations on
nine rivers traversing different parts of Abeokuta metropolis (Fig. 1)
during dry and wet seasons between 2008 and 2010. The nine
sampling stations include the Camp area (RV1), Adatan car wash
(RV2), Saje (stream) (RV3), Itoku (stream) (RV4), Lafenwa (RV5), Ijeja
(RV6), Kuto (RV7), Ijaye (RV8), Abiola way (RV9). Water was sampled
bimonthly from each of the sampling station, during which samples
consisting of five cycles were collected every 3 h between 6.00 am to
18.00 pm (12h sampling). The samples were collected in pre-washed

Figure 1. Map of Abeokuta metropolis showing the sampling stations (© Google maps).
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amber colored bottles and stored in a cooler for onward transfer to
the laboratory, and analysed within 24h of collection.

2.3 Samples preparation and analysis

The pH and dissolved oxygen levels (DO) of water were measured in-
situ at the different sampling stations, using pre-calibrated
portable pH and DO meters. The water samples were prepared for
freshwater quality assessment by subjecting them to standard
procedures described by the American Public Health Association [9].
The concentrations of biochemical oxygen demand (BOD), chemical
oxygen demand (COD), total nitrogen (TN), phosphorus (P-PO4

3�) and
dissolved organic carbon (DOC) in the water samples collected from
different streams/rivers in Abeokuta metropolis were analysed
using the methods prescribed by the American Public Health
Association [10].

3 Results and discussion

3.1 Results

The capacity of water to regenerate itself is a function of the critical
threshold of foreign substances inimical to its quality [10], and this
can result to undesirable changes in water physico-chemical
properties, with consequential damaging impact in the ecosystem
structure. The pH values of the streams/rivers were near neutral and
in a range of 6.6–6.9 (Tab. 1) and within the freshwater guideline
values 6.0–8.5 [11]. The highest pH (6.6–6.9) was measured at RV1
while the lowest pH of 6.6 was detected at RV6. Safe freshwater is
expected to have a pH in the range of 6.0–8.5 [11]. It is apparent that
discharges from the different sources did not have adverse impact
on the pH condition of the streams/rivers.
The capacity of microorganisms to degrade complex organic

molecules and nutrients in aquatic environment is derived from
using up more oxygen from the ecosystem subsistence pool. During
this processes aquatic ecosystems are depleted of oxygen, thereby
shifting the oxygen dynamics to the negative, especially if the rate of
replenishing the oxygen is slower than aquatic processes consump-

tion [12]. DO levels in the streams and rivers ranged between 3.25
and 7.46mg/L (Tab. 1). The lowest DO levels (3.25–6-23mg/L)
were measured at RV3, while the highest DO concentrations
(7.10–7.46mg/L) were observed at RV1. The DO levels were within the
stipulated guideline limits of 4–8mg/L [11], except during dry season
at RV3. The high DO levels observed in RV1 were probably due to
the low delivery of discharges into the river. This is because
the streaming water traverses off community areas, cutting off
residential and human activities. The less than the critical lower
threshold value of 4mg/L DO measured at RV6 may be attributed to
pollutant load and the low water volume in the river during dry
season. The water samples collected at RV4, RV8 and during dry
season at RV3 measured less than the 6mg/L EEC rehabilitation
values. Article 7 (3) of the EU requires urgent action in water with
DO< 6.00mg/L. The <6.00mg/L DO levels in RV3, RV4 and RV8
appeared to be related to the exertion of high BOD and COD inwater.
Inorganic nutrients such as nitrate (N-NO3

�) and P-PO4
3� occur in

aquatic ecosystems at levels sufficient to maintain a balanced
biological growth. The concentrations of inorganic nutrients
measured as total nitrogen (TN), P-PO4

3�; and DOC in the rivers
were 3.82–15.46, 1.35–5.71 and 24.8–155.4mg/L, respectively (Tab. 1).
The TN concentration at RV3 (14.69� 6.08 to 15.46� 5.43mg/L) was
the highest followed by RV8 (12.07� 5.45 to 13.28� 5.87mg/L) and
RV4 (10.01� 5.23 to 11.89�4.79mg/L). The lowest TN concentrations
(3.82� 2.48 to 6.37� 2.95mg/L) were observed in the river at RV9.
The concentrations of P-PO4

3� measured in the rivers ranged
between 1.35 and 5.71mg/L. The highest P-PO4

3� concentration was
detected at RV2 (5.09� 3 to 5.71� 4mg/L), followed by RV3 stream
water which ranged between 5.43� 3 and 4.98� 4mg/L, and RV8
(4.96� 3.41 to 5.25� 3mg/L). The lowest P-PO4

3� levels of 1.35� 1.05
to 2.79� 1mg/L were observed at RV1.
Oligotrophic water contains<5–10mg/L of phosphorus and<250–

600mg/L of nitrogen [12]. Hydro-chemical indices showed that the
observed 3.82–15.46mg/L TN and 1.35–5.71mg/L P-PO4

3� were
several-fold higher than in oligotrophic water. The urban surface
water of RV3, RV4, RV6 and RV8 have excessive nutrient load (NL)
consisting of inorganic and organic nutrients superimposed by
wastewater discharges from domestic sources, sewers systems and

Table 1. Results of analysis of oxygen demand and nutrients loads in urban water samples of some streams/rivers in Abeokuta metropolis

Sampling
location

Sample
identity pH DO (mg/L) BOD (mg/L) COD (mg/L) DOC (mg/L) TN (mg/L)

P-PO4
3�

(mg/L)

Camp RV1/WS 6.7� 0.22 7.46� 2.40 180.81� 5.93 250.27� 8.15 29.41� 2.59 5.12� 2.81 1.35� 1.05
RV1/DS 6.9� 0.13 7.10� 2.73 187.50� 6.20 267.30� 11.95 45.36� 7.24 9.67� 3.12 2.79� 0.83

Adatan car
Wash

RV2/WS 6.9� 0.43 6.83� 2.10 189.45� 4.64 273.48� 11.43 90.13� 6.58 12.45� 5.47 5.09� 2.04
RV2/DS 6.6� 1.12 5.76� 1.48 196.95� 9.54 307.35� 17.59 155.40� 25.72 12.32� 5.82 5.71� 1.28

Saje RV3/WS 6.6� 1.07 6.23� 1.69 198.84� 7.68 295.19� 10.94 137.67� 10.74 15.46� 5.43 5.43� 1.92
RV3/DS 6.6� 0.65 3.25� 2.08 200.62� 10.36 312.83� 20.42 140.19� 15.46 14.69� 6.08 4.98� 2.05

Itoku RV4/WS 6.8� 0.75 5.32� 1.35 185.70� 6.39 299.92� 14.52 85.36� 7.43 11.82� 5.46 5.38� 2.63
RV4/DS 6.7� 0.92 4.92� 1.93 191.21� 6.50 310.11� 21.16 100.52� 12.75 13.17� 6.14 3.84� 1.44

Lafenwa RV5/WS 6.6� 1.25 6.78� 1.50 186.24� 6.57 259.71� 8.48 69.90� 8.24 10.01� 5.23 4.75� 2.40
RV5/DS 6.8� 0.98 6.45� 2.21 200.07� 8.03 280.46� 15.75 84.45� 12.37 11.89� 4.79 4.62� 1.83

Ijeja RV6/WS 6.8� 1.27 6.85� 1.04 182.78� 7.32 273.14� 9.16 124.34� 8.71 10.65� 4.86 4.48� 2.75
RV6/DS 6.9� 1.07 6.74� 1.67 187.60� 7.93 286.59� 17.38 146.61� 13.24 12.09� 5.44 5.28� 3.38

Kuto RV7/WS 6.7� 1.12 7.24� 0.83 195.28� 8.57 275.33� 12.38 48.23� 3.81 7.34� 3.27 3.71� 2.08
RV7/DS 6.8� 1.07 6.90� 1.55 192.42� 9.32 281.62� 19.04 56.52� 5.06 10.56� 4.53 4.38� 1.11

Ijaye RV8/WS 6.8� 0.84 5.95� 1.97 194.54� 9.38 293.30� 13.16 96.29� 9.36 12.07� 5.45 4.96� 3.09
RV8/DS 6.7� 1.23 5.48� 2.25 198.36� 7.01 305.27� 23.57 130.47� 16.18 13.28� 5.87 5.25� 3.57

Abiola way RV9/WS 6.7� 1.74 7.08� 1.40 194.35� 7.55 264.24� 10.49 24.87� 3.19 3.82� 2.48 3.88� 1.87
RV9/DS 6.6� 2.05 6.57� 1.65 198.72� 9.04 271.09� 16.52 35.30� 4.64 6.37� 2.95 4.52� 2.19

WS, wet season; DS, dry season.
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from the unsustainable practices of solid waste dumping into the
rivers. Hinesly and Jonas [13] reported that phosphorus concentra-
tion exceeding 0.05mg/L�1 may result in reduction of oxygen
concentration in water bodies. According to a US EPA report [14], an
increase in nutrient supply would likely shift species composition to
those adapted to the higher concentration regime with potential
increase in net primary production. This may lead to competitive
utilization of dissolved oxygen especially in the conversion of
inorganic nutrients into nitrates. In this process ammonia/
ammoniumbase salts are naturally converted to nitrite by biological
processes (microbial degradation) which consume oxygen to
produce carbon dioxide in fresh or polluted water. Oxygen is
further consumed in the conversion of the released nitrite to nitrate.
High concentrations of dissolved organics and nutrients increase

primary productivity in polluted water during which dissolved
oxygen is consumed [15–17]. The concentration of DOC detected in
the sampled water ranged between 24.8 and 155.4mg/L (Tab. 1). DOC
concentrations (124.34� 8.71 to 146.61� 13.24mg/L) at RV6 were
the highest followed by RV3 (137.67� 10.74 to 140.19� 15.46mg/L)
and RV8 (96.29� 9.36 to 130.47�16.18mg/L). The lowest river load
of DOC (24.87�3.19 to 35.30� 4.64mg/L) was measured at RV9.
Khan and Ansari [12] reported that themean primary productivity in
oligotrophic water ranged between 50 and 300mg carbonm�2 per
day. Thus, the concentration of DOC (24.8–155.4mg/L) in the rivers
tends to be moderate, except at RV8 which was higher. This showed
that the metropolitan rivers are not severely polluted.
Natural purification and regeneration of contaminated water

depends on BOD, COD and DO levels. The relative oxygen
requirement for the oxidation of organic matter in contaminated
water results in oxygen-depletion effect in aquatic systems [18]. The
measured BOD and COD in the urban surface water were in the
range of 180.81 and 200.62mg/L and 250.27 and 312.83mg/L,
respectively (Tab. 1). The water at RV6 had the highest BOD (198.84–
200.62mg/L) and COD (295.19–312.83mg/L) levels followed by RV4
with BOD (185.70� 6 to 191.21� 6mg/L) and COD (299.92� 14.52 to
310.11�21.16mg/L) andRV6with BOD (194.54� 9 to 198.36� 7mg/L)
and COD (293.30� 13.16 to 305.27� 23.57mg/L). The lowest
BOD (180.81� 5 to 187.50� 6mg/L) and COD (250.27� 8.15 to
267.30� 11.95mg/L) levels were observed at RV1. The BOD and
COD in most of the rivers traversing the metropolis were moderate
and slightly polluted towards the upper limit of the recommended
guideline range of values for freshwater quality (http://nerrs.noaa.
gov/doc/siteprofile/acebasin/html/envicond/watqual/wqintro.htm).

3.2 Discussion

The prevailing season/climate, have strong effect on the quality and
quantity of water in the different metropolitan river channels.
Although there was no significant difference between the pH,
concentrations of TN, P-PO4

3�, DOC, DO, BOD and COD levels in all
the rivers during wet season, significant difference (p< 0.05) in TN,
P-PO4

3�, DOC, DO, BOD and COD levels of urban water were observed
during dry season. The concentration levels of TN, P-PO4

3�, DO, BOD
and COD detected during dry season were generally higher than in
wet season. There was also significant locational differences in TN,
P-PO4

3�, DOC, DO, BOD and COD levels between the streams/rivers
with RV8 being the most polluted.
In general, excessive carriage of nutrient and wastes beyond the

holding capacity of the natural water may translate to pressure on
the aquatic ecosystem [19]. Aquatic ecosystems response to

contaminants varies depending on the type and nature of the
ecosystem, size and biodiversity [20]. Responses to nutrient
enrichment may be quantitatively related to nutrient load rather
than complexity in physical transport and mixing [21]. The breaking
down of inorganic and organic nutrients input, and nutrients
uptake in aquatic systems depletes oxygen and stimulates
phytoplankton biomass production. This may lead to water anoxic
condition which is an indication of nutrient enrichment, or hypoxic
condition depending on the magnitude of oxygen consumption.
When the water carriage capacity of contaminant in aquatic
ecosystem is exceeded, the regeneration capacity of the water body
will be limited by the dissolved oxygen concentrations. Chemical
reactions between hypoxic water and bottom sediments can also
release pollutants stored in the sediments, further precipitating the
hypoxic conditions or otherwise polluting the ecosystem [22].
Surface water running in the rivers may have pollution-induced

changes in their physico-chemical characteristics, thus eliciting
responses such as aquatic biological community behavioural shifts
or increase in organism activities. Many aquatic species are unable
to bear the consequence of low water oxygen, leading to changes
in natural composition of such aquatic system or ecosystem loss
[23]. This may subject the ecosystem into imminent danger of
biodiversity and habitat loss. Murphy reported that dissolved oxygen
concentration in anoxic water may drop too low for fish to breathe
leading to fish kill (http://bcn.boulder.co.us/basin/data/BACT/info/TP.
html). Consequently, the net oxygen utilization in water environ-
ment, places a minimum oxygen requirement for vital life processes
that ensure aquatic health and sustainability, as well as human
health. When nutrient criterion is exceeded, enrichment is
presumed to be a concern even when primary production has not
responded [24, 25].
In safe and healthy oligotrophic water, the net consumption or

usage of oxygen in total ecosystem respiration, must be equal to or
slightly lower than the gross oxygen concentration made available
inwater through air–water diffusion dynamics, and aquatic primary
production processes. A US EPA [26] report noted that for biomass
primary production of a system to be maintained, the net ecosystem
organic production or input must be equal or approximately zero.
According to this report, excess levels of OC drove aquatic systems
towards DO deficiency through direct microbial heterotrophic
activity. Souchur et al. [27] reported hypoxia as amajor water quality
impairment consequence of organic carbon, which is usually
sourced from organic matter.

4 Conclusions

The result from this study showed that urban water was
contaminated but not adversely polluted. The apparent concen-
trations of TN, P-PO4

3�, DOC, DO, BOD and COD of the rivers showed
that the evaluated water contains moderate nutrients load. Most
urban stream and river ecosystems traversing Abeokuta metropolis
are in transitional phases, due to the pollution arising from
untreated and unregulated wastewater discharges from domestic
and different other sources especially RV3, RV4, RV6 and RV8,
however, the transitions are variable based on the variability inmass
of nutrient input. This must be prevented or minimized and
monitored due to its consequence or effects on the aquatic
ecosystem, in order to conserve and protect aquatic resources,
biodiversity, ecosystem integrity and public health. If efforts are not
made to curb or at least minimize the nutrient load of wastewater
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release into the rivers, it may result in irreversible damage and loss
of urban surface water stream/river ecosystem. Also domestic, toxic
industrial and organic sewages discharged into urban metropolitan
streams and rivers should be treated tomeet criteria and or properly
disposed in such away that will not endanger ecosystem biodiversity
of the receiving rivers.

The authors have declared no conflict of interest.
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