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1. Introduction

Water is a finite resource that is very essential for the human existence, agriculture, industry
etc. Without any doubt, inadequate quantity and quality of water have serious impact on
sustainable development. In developing countries, most of which have huge debt burdens,
population explosion and moderate to rapid urbanization, people have little or no option
but to accept water sources of doubtful quality, due to lack of better alternative sources or
due to economic and technological constraints to treat the available water adequately before
use (Calamari and Naeve, 1994; Aina and Adedipe, 1996). The scarcity of clean water and
pollution of fresh water has therefore led to a situation in which one-fifth of the urban
dwellers in developing countries and three quarters of their rural dwelling population do
not have access to reasonably safe water supplies (Lloyd and Helmer, 1992).

Assessment of water is not only for suitability for human consumption but also in relation to
its agricultural, industrial, recreational, commercial uses and its ability to sustain aquatic
life. Water quality monitoring is therefore a fundamental tool in the management of
freshwater resources. To underpin its importance, World Health Organization (WHO), United
Nations Environment Programme (UNEP), United Nations Educational, Scientific and Cultural
Organization (UNESCO) and World Meteorological Organization (WMO) launched in 1977, a
water monitoring programme to collect detailed information on the quality of global ground
and surface water.

Monitoring can be conducted for the following five major purposes:

e characterize waters and identify changes or trends in water quality over time;
e identify specific existing or emerging water quality problems;
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302 Water Quality Monitoring and Assessment

e gather information to design specific pollution prevention or remediation programs;

e determine whether program goals -- such as compliance with pollution regulations or
implementation of effective pollution control actions -- are being met; and

e respond to emergencies, such as spills and floods.

Nigeria, the most populous country in Africa, has an area of 923,768 km?2, and located
between Latitudes 4° 16' N and 13° 52' N, and Longitudes 2° 49' E and 14° 37 'E (see Figure
1). It is stretched across dimensions of 1,200 km from east to west and 1,000 km from north
to south (http://ramsar.wetlands.org/portals/15/nigeria.pdf). The space occupied by inland
water bodies in Nigeria is estimated at 900 km? (Ekiye and Zejiao, 2010) representing 0.1 % of
the total land mass while the coastal area stretched up to 853 km (comprising inshore waters,
coastal lagoons, estuaries and mangrove especially in the Niger Delta (http://www. unep.
org/ AbidjanConvention/docs/ the %20status %200f % 20the %20nigerian %20coastal % 20zones %2
Oversion%202.pdf). The total area occupied by water in Nigeria is 13,000 km?.

Nigeria has abundant water resources covering an enormous and diverse landscape,
although they are unevenly distributed over the country (WHO/UNEP, 1997). The four
major drainage systems in the Nigeria are:

e The Niger River Basin Drainage System with its major tributaries of Benue, Sokoto-
Rima, Kaduna, Gongpola, Katsina-Ala, Donga, Tarabe, Hawal and Anambara Rivers.

e The Lake Chad Inland Drainage System comprising the Kano, Hadejia, Jama’are Misau,
Komadougou-Yobe, Yedoseram and Ebeji Rivers.

e The Atlantic Drainage System (east of the Niger) comprising the Cross, Imo, Qua Iboe
and Kwa Rivers.

e The Atlantic Drainage System (west of Niger) made up of the Ogun, Oshun, Owena and
Benin Rivers.

Apart from the Lake Chad Drainage System, the remaining three drainage systems
terminate in the Atlantic Ocean with an extensive network of delta channels (Figure 2).

The natural quality of rivers and streams at any point reflects the quality of upstream
contributions of surface run-off and groundwater discharge. The various water bodies in the
country are used for various purposes such as fishing, transportation, sand mining,
irrigation, recreation, abstraction for industrial and domestic purposes as well as electric
generation.

Urbanization, intensive agriculture, recreation, and the manufacturing industry are
affecting water quality throughout the world. Available literature on environmental
monitoring of surface water indicated that streams and rivers in the country are showing
increasing trend of water pollution due to increase population, industrialization and
urbanization. Waste generations by the industries and households have continued to
increase. These wastes are indiscriminately disposed-off into the water bodies. This has led
to pollution of inland water bodies and coastal waters and subsequently increased water
quality parameters such as heavy metals, nutrients and organic matter, soluble ions, oil and
grease, and organic chemicals such as pesticides and poly-nuclear aromatic hydrocarbons
(PAHS), (Esoka and Umaru, 2006; Adebayo et al., 2007; Jaji et al., 2007; Mashi and Alhassan,
2007; Solomon, 2009). Urgent attention is therefore necessary to mitigate water pollution
problems in Nigeria through monitoring as well as enforcement of emission standards by
industries (Ekiye and Zejiao, 2010).
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According to National Bureau of Statistics (2009), at least 27% Nigerians depended
absolutely on streams, pond, river and rainwater for their drinking water source. Research
has shown high prevalence of waterborne diseases such as cholera, diarrhoea, dysentery,
hepatitis etc. among Nigerians (Oguntoke et al., 2009; Raji and Ibrahim, 2011). The need for
water quality monitoring is paramount to safeguard the public health and also to protect the
water resource in Nigeria. To emphasise the importance of environmental monitoring in
Nigeria, the then Federal Environmental Protection Agency (FEPA) - now Federal Ministry
of Environment and National Water Resources Institute (NWRI) organised a National
Seminar on “Water Quality Monitoring and Environmental Status in Nigeria” between
October 16 to 18, 1991. The proceeding of this National Seminar was published by FEPA in
1996 (Aina and Adedipe, 1996). The major objective of this paper is to assess the current
situation of surface water quality monitoring in Nigeria two decades after the FEPA/NWRI
National Seminar and provide future management strategy that may be adopted by the
authorities. Certainly, information concerning the water quality of our rivers will provide a
useful instrument for policy makers to formulate management strategy for control and
abatement of water pollution.

2. Sources of water pollution in Nigeria
2.1 Industrial discharges and oil spills

Studies carried out in most cities in Nigeria had shown that industrial effluent is one of the
main sources of surface water pollution in Nigeria (Ekiye and Zejiao, 2010). Industrial
effluents when discharged directly into the rivers without prior treatment have capacity of
increasing water quality parameters. Dada (1997) indicated that less than 10 % of industries
in Nigeria treat their effluents before being discharged into the rivers. This has led to high
load of inorganic metals such as Pb, Cr and Fe in most of water bodies (Ahmed and Tanko,
2000; Wakawa et al., 2008). Table 1 shows the results of physico-chemical parameters of
effluents collected from some industries in Lagos, Kaduna and Port Harcourt. Most of the
results were higher than the permissible limits set by FEPA (1991). The resultant effects of
this will be on the receiving streams and rivers. The impacts could include water quality
impairment, reduction in fish abundance and effect on water-usage for recreation, industrial
and domestic purposes. High phosphate concentrations in these effluents could result into
nutrient enrichment of the receiving water bodies thereby leading to ecological disaster.
Metal pollution of Warri River by industrial discharges has been reported by Ayenimo et al.
(2005). The River was monitored for heavy metals such as Fe, Cu, Ba, Pb, Cd, Cr, Ni and Co.
Results showed elevated values of these metals at sampling point located near an industry.
Correlation analysis of the metals also suggested common source. Other water quality
parameters showed elevated values indicating pollution by the nearby industry.

The activities of the oil industries in the Niger-Delta region of Nigeria have impacted
negatively on the surface water quality around the area. This has led to water scarcity,
disruption of socio-economic activities and poor aesthetic quality of most of the water
bodies polluted by the oil spills (Egborge, 1994). Most of the rivers around the Niger-Delta
region of the country could not be abstracted for treatment for drinking purpose because of
pollution by crude oil. The impact of oil activities in these areas had done much havoc to the
environment of this region most especially on the water resources.

www.intechopen.com



Surface Water Quality Monitoring in Nigeria:

Situational Analysis and Future Management Strategy 305
Effluent Lagos Kaduna Port FEPA
Parameters (Adebayo et al., (Yusuf and Harcourt (1991)

2007) Shonibare, (Ajao and standard
2004)* Anurigwo,
2002)*
Temperature (°C) 27.6 30.3 30 <40
Color (CTU) 2400
pH 7.6 4.8 6-9
Conductivity (mS cm?) 761 1156.6
Turbidity (NTU) 11.6 573.6
Salinity (%) 0.1 0.5
Alkalinity (mg L) 766.6 445
Free Chlorine (mg L) 0.5
Nitrate (mg L) 4.0 362 20
Ammonia (mg L) 1.0
Phosphate (mg L1) 1.0 836 5
Total Hardness (mg L1) 1233.3  4083.3
TSS (mg L1) 320 833.3 400 3533 30
TDS (mg L) 1100 2000
Oil and Grease (mg L-1) 20 0.0 7.0 2343 10
BOD (mg L1) 534 1352.3 300 4374 30
COD (mg L1) 850 2253 1800
H,S (mg L1) 17.2 130 0.6

* Total effluent discharge from observed industries, TSS-total suspended solids, TDS-total dissolved
solids, BOD-biochemical oxygen demand, COD-chemical oxygen demand, DO-dissolved oxygen (Data
adapted from Ekiye and Zejiao, 2010).

Table 1. Effluent analysis of some industrial discharges in Nigeria

2.2 Municipal and agricultural wastes

Waste management is a major problem in most developing nations of the world including
Nigeria (Taiwo, 2011). Indiscriminate disposal of municipal wastes remains a major threat to
surface water pollution in Nigeria. In most cases, sewage and waste water from homes are
routed into the rivers and streams. Jaji et al. (2007) found elevated water quality parameters
in some sampling locations of Ogun River. These were partly attributed to the activities of
abattoir located close to the River at a notable market in Abeokuta metropolis. The work of
Arimoro et al. (2007) on the impact of sawmill activities on the water quality of River Benin
reported high BOD and low DO values at the discharge point of the wastes into the River.

The impact of point source pollution from sewage treatment oxidation pond on a receiving
stream was studied by Ogunfowokan et al. (2005). The researchers observed significant
elevation of water indices such as pH, BOD, nitrate, phosphate and TSS. It is well known
that oxygen depletion in water bodies could cause fish death while increase in BOD signifies
high load of organic matter. Also, organic matter decomposition in surface water produced
inorganic nutrients such as ammonia, nitrate and phosphorus with resultant effects of
eutrophication and other serious ecological problems of such water body (Ogunfowokan et
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al., 2005). Taiwo (2010) has also observed high water quality parameters of a stream in
Abeokuta due to direct discharge of poultry wastes into the stream. The use of pesticides
and fertilizer for bumper food production is a well known policy of several Governments all
over the world. However, agriculture remains the major source of nitrate and phosphate
pollution of surface water. Nitrate in drinking water is detrimental to infant health due to
the disease known as methemoglobineamia (Taiwo, 2010).

2.3 Urban run-off

Urbanization in most Nigerian cities has resulted in the concentration of large population in
some areas living under poor sanitation conditions (Olade, 1987). This invariably has led to
increased waste generations with heaps of waste everywhere. During rainfall, some of these
wastes are washed into the poor drainage systems and subsequently, into nearby rivers
(Taiwo et al. 2011). Lack of town planning principles and strategies in Nigeria’s cities and
towns had aggravated the risks of urban run-off with resultant effect on surface water. The
poorly managed drainage system in the country had caused the surface water impairment
due to erosions during rainfall. Rainfall runoff carries all sorts of pollutants from houses,
industries, farmland and dumping sites. Research has shown that some of the water quality
parameters of both ground and surface water often rise up during rainfall with high values
of turbidity, solids and anionic species often been recorded (Jaji et al., 2007; Mustapha, 2008;
Taiwo, 2010; Taiwo et al., 2011). The effect of urban run-off has been studied on the Epie
Creek in the Niger Delta by Izonfuo and Bariweni (2001). The impact of human activities
around the Creek was felt on the water body as low DO values were recorded during the
wet season due to urban run-off.

Agricultural run-off of pesticides, plant and animals wastes is also a major contributing
source of organic pollution to water bodies in Nigeria. The work of Mustapha (2008) had
linked the periodic eutrophication of Oyun Reservior in Offa, Kwara state to run-off of
phosphate fertilizers from nearby farms in addition to cow dungs washing from the
watershed into the Reservoir. Water pollution through surface run-off has been reported in
literatures with subsequent effects on nutrient enrichment, water quality impairment,
marine lives spawning ground destruction and fish kill (Martin et al., 1998; Izonfuo and
Bariweni, 2001).

3. Water quality of rivers in Nigeria

Figure 3 shows some important rivers in Nigeria while Table 2 shows the results of physico-
chemical parameters of some of these rivers which have been monitored by several
researchers in the country.

High TSS found in rivers in Nigeria has tendency of reducing the light penetration into the
river leading to a reduced photosynthesis with consequent effects on both phytoplankton
and zooplankton populations of the aquatic environment. A study by Ajibade (2004) has
shown high TSS values in Asa River (Kwara state) while Osibanjo et al. (2011) has also
reported similar findings for Rivers Ona and Alaro in Ibadan. Harrod and Theurer (2002) in
a similar study reported that high TSS concentration could cause a reduced development
and survival of salmonid eggs and larvae. Clogging of TSS on fish gills could also result into
stress, reduced growth, suppressed-immune system leading to increased susceptibility to
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disease and osmotic dysfunction and death (Bilotta and Brazier, 2008). Elevated values of
TSS are capable of shielding harmful organisms in drinking water (Taiwo et al., 2011). TSS
could also act as a vector of nutrients such as phosphorus (Heathwaite, 1994), and toxic
compounds such as pesticides and herbicides from the land surface to the water body
(Kronvang et al., 2003) leading to proliferation of phytoplankton in rivers. In surface water,
TSS could cause drift in invertebrate population (Bilotta and Brazier, 2008).

Another notable water quality characteristic of rivers in Nigeria is high turbidity. Turbidity
values reported for most rivers in Nigeria were far greater than 5.0 NTU limit given by
WHO (2008) (Table 2). Ajibade (2004), Adefemi et al. (2007) and Wakawa et al. (2008) have
also reported elevated turbidity values in rivers in Nigeria. This could be linked to run-off
effects as well as domestic and industrial discharges on the rivers.

Low BOD and COD values have been reported in New Calabar River and Kubanni River in
Kaduna. However, a high BOD and COD values have been observed for Challawa River in
Kano State with mean concentrations ranging between 10 to 30 mg L1 and 170 to 260 mg L
respectively (Wakawa et al., 2008). Very low DO values (2.67-3.30 mg L) were also
observed in Challawa River. Pollution of the rivers was directly linked with the industrial
effluent discharges. Osibanjo et al. (2011) also reported high COD values for the water
samples from Rivers Ona and Alaro. The authors attributed these to leachate from
dumpsites, agricultural and urban runoffs.
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Nutrient enrichment is predominant in most rivers in Nigeria. The values of nitrates and
phosphate depicted by authors in Table 2 were low. But reports by other authors on some
rivers indicated high nutrient load of most rivers in Nigeria. For instance, Olajire and
Imeokparia (2001) observed high concentrations of nitrate, ammonia and phosphate in Osun
River, a consequence of human activities. Human activities observed along the study area
include agricultural land-use, anthropogenic activities and industrialization. Farming
operations around the area were said to have contributed immensely to elevated values of
ammonia and phosphate (Olajire and Imeokparia, 2001). Edet and Worden (2009) assessed
the seasonal and tidal effects on the physical parameters of river and groundwater in
Calabar, Nigeria. The researchers reported a significant seasonal effect on temperature,
redox potential (Eh), and DO in the river water. They also observed that a significant tidal
influence existed on DO in both river-and groundwater. Comparison between groundwater
and river water showed statistically significant difference in EC, TDS, Eh, DO, Na, Cl- and
NOs-. The significant differences in EC, TDS, Na and Cl- were attributed to tidal flushing;
the difference in Eh was due to geology of the area while NOs- was as a result of
anthropogenic pollution. The study concluded that tidal flushing, anthropogenic effects and
oxygen supply during recharge contribute to the shaping of water chemistry in the area.

Ogun River New Calabar Kubanni River, WHO,

(Jaji et al., 2007) River (Abu and Kaduna (Agbogu 2008
Egenonu, 2008) et al., 2006)

Mean SD Mean SD Mean SD Mean SD

Wet season Dry season
Temp (°C) 27.0 0.47  30.03 1.17 25.8 092 2571 0.62
pH 712 0.17 7.09 0.40 5.35 041 6.73 0.03 6.5-85
DO (mg L) 7.6 1.27 5.36 0.73 6.31 0.81
BOD (mg L) 224 0.41 1.83 0.28
COD (mg L) 6.4 2.72
EC (uS cm™) 224.08 9.38
Salinity (%) 0.01 0.01
SO4* (mg L) 22.95 7.47 <250
Turbidity (NTU) 4266 1553  15.36 5.94 1064 2111 <5.0
TSS (mg L) 18.8 1.45
TDS (mg L) 156.05 39.64 442.84 900.26 1.26 0.22 26.2 1.76 <600
Cl- (mg L) 16.64 481 26197 73297 5.44 319  29.02 212
NOs (mg L) 3.80 5.27 3.64 2.86 0.32 0.12 1.86 0.09 11% 50
PO (mg L) 0.07 0.03 0.02 0.01 0.17 0.01 0.16 0.01
Oil & Grease (mg L) 14696 71.70 71.33 7255 0.02 0.01
Coliform (cfu100 mL') 6180 3275.6 4645 6562.5 13000 4900 0.0
Pb (mg L) 0.02 0.02 0.04 0.03 0.14 0.04 0.01
Cd (mg L) 0.01 0.01 0.01 0.01 0.05 0.03
Zn (mg L) 0.03 0.01 0.19 0.32 3-5
Fe (mg L) 3.28 0.82 1.86 0.49 0.24 0.09 0.3
Mn (mg L) 0.13 0.05 0.41 0.54 0.4
Cu (mg L) 0.03 0.02 0.12 0.19 0.07 0.03 2.0
Ni (mg L) 0.01 0.00 0.07
Hg (mg L) 0.01 0.06

SD-standard deviation (original data from the literatures have been subjected to simple descriptive
statistics).

Table 2. Mean concentration of water quality parameters of some Rivers in Nigeria
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Metal pollution of some rivers in Nigeria may be due to industrial discharges, corrosion of
iron and steel materials in building, leachates from dumpsites and vehicles etc (Jaji et al.
2007). Fe concentrations in most Nigeria’s rivers are usually greater than WHO standard of
0.3 mg L1 in drinking water (Offiong and Edet, 1996). High Pb concentration in some
surface water samples have been attributed to the use of leaded petrol in vehicles. Taiwo
(2010) found elevated values of lead at a sampling site of Alakata stream in Abeokuta. High
lead level in surface water may also be due to vehicular deposition. Dry deposition of
particulate lead on water bodies is capable of increasing Pb level of surface water. Lead is a
potential killer especially in children. In some villages in Gummi and Bukkuyum Local
Government area of Zamfara state, more than 400 deaths were reported due to lead
poisoning (Galadima et al., 2011). Heavy metals are potential threats to the environment and
ecosystem due to their persistence and bio-accumulation in food chain.

The presence of oil and grease on the surface of water bodies in Nigeria is a sign of pollution
which may have serious effect on the aquatic ecosystem of the nation. Oil and grease is toxic
to aquatic organisms in general and also capable of reducing dissolved oxygen. Between
1997 and 2001 in the Niger Delta region of Nigeria, 2,097 oil spill incidents were recorded
(Nwilo and Badejo, 2005). The activity of oil exploitation and refining has reduced the water
quality of Nigeria's river in the Niger Delta region. The mangrove ecosystem along the
coastal areas of the Niger Delta has been wantonly destroyed by oil spills (Nwilo and Badejo
2005). Besides the oil region of Niger Delta, which is synonymous with oil spill pollution,
elevated levels of oil and grease have been reported by Osibanjo et al. (2011) at the
downstream of Rivers Ona and Alaro in Ibadan, South-western Nigeria. The authors
attributed these to urban run-off from auto repair workshop and petroleum depot.

The high values of coliform reported for some river water samples confirm faecal pollution
from domestic sewage, dumping sites, abattoir activities etc. High coliform values are
typical characteristics of many rivers in Nigeria. For instance, high population of faecal
coliform counts has been reported in Ikpoba River, Edo state of Nigeria by Tatah and
Ikenebomeh (1999). Similarly, Nwankwu (1992) also reported coliform values in the range of
3100-150, 000 cfu 100 mL- at Iddo area of the Lagos lagoon. The high population of these
microbial pollutants was linked to contaminations from the dumpsites around the Lagoon.
Pollution of surface water in Nigeria therefore calls for great attention. Some people see
water body as medium for waste disposal. Feacal pollution of rivers in Nigeria signifies
poor sanitation management as well as unhygienic manner of living among people,
especially those living close to the riverine areas.

It has also been observed that pathogenic contamination of Nigeria’s rivers comes from
aquaculture practices involving fertilization of ponds with cow and poultry manures; and
direct dumping of faecal matters into the rivers (Obasohan et al.,, 2010). Presence of
microbial pollutants in drinking water could pose risks to public health of waterborne
diseases such as cholera, diarrhoea, hepatitis, dysentery, poliomyelitis, typhoid etc.

Meinhardt (2006) has highlighted susceptible population to waterborne diseases to include
pregnant women, children, immune-suppressed individuals, geriatric patients and patients
with pre-existing clinical disorders and chronic diseases. Nearly 40,000 cases cholera
epidemic were reported in 11 states in Nigeria from January-October 2010, out of which
1,500 people were confirmed dead (Adewara and Visser, 2011). Diarrhoea is the second
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largest cause of children’s mortalities in Nigeria according to Water Initiative (2010).
Nigerian children of age less than 5 years make up 17% of the total annual deaths of 1.8
millions being recorded globally due to poor sanitation (Water Initiative, 2010).

4. Organic pollutants monitoring in Nigeria freshwater systems

Unlike inorganic pollutants and pathogens monitoring in Nigeria water systems, organic
pollutants monitoring had suffered major neglects in terms of qualitative and quantitative
monitoring. Due to poor institutional funding by the Nigeria governments, studies on the
levels of polynuclear aromatic hydrocarbons (PAHs) and other organic contaminants in the
country are very scanty. Until recently, most studies on organic compounds dates back to
the 1970’s and 1980’s when there was some equipment and little funding to conduct
research. The poor funding had resulted in poor human resources base coupled with lack of
instrumentation to monitor the level and distribution of these organic pollutants in the
environment.

Despite these challenges, few studies had recently reported some levels of PAHs in the
Nigeria water systems. PAHs have been listed as priority pollutants that need to be
monitored in both industrial and domestic effluents and freshwater systems (Emoyan, 2009).
The health impacts of PAHs include carcinogenic, cardiovascular, bone marrow and liver
toxicity. Emoyan (2009) reported the concentration range of 0.2309 to 1.0468 mg L-1 for PAHs
in surface water due to contamination from Kokori-oil field in the Niger-Delta. Fluoren was
the dominant of the 16 PAHs priority pollutants investigated. The source of water
contamination was identified to be mainly petrogenic. The reported concentrations were
higher than the CCME (2008) and the Netherland MPC guidelines. In addition to PAHs,
another important set of organic pollutants are pesticides. Pesticides are highly toxic,
synthetic organic compounds that are widely used in agriculture and the industries
(Adeboyejo et al., 2011; Adeyemi et al., 2011). Pesticides usage in Nigeria had soared in the
past decades such that over 21 different types of organophosphates, organochlorine and
carbamates insecticides have been introduced into the Nigeria market. Out of the broadly
classified pesticides, organochlorine pesticides (OCPs) constitute the most widely used for
agricultural purposes despite their ban in other countries (Bouman, 2004; Blaso et al., 2005;
Ize-Iyamu et al., 2007; Adeyemi et al., 2011).

Organochlorine pesticides are known to be very stable, resistant to natural breakdown, lipo-
soluble compounds that are capable of bioaccumulation and biomagnifications in the fatty
parts of biological organisms (Adeyemi et al., 2011). The health effects of pesticides in man
and animals include immune systems malfunction, endocrine disruption, breast cancer,
irritation, dizziness, tremor, toxic and chronic convulsion (Ize-Iyamu et al., 2007; Ezemonye
et al., 2009; Adeboyejo et al., 2011, Adeyemi et al., 2011). Like PAHs, studies on OCPs are
very few. Pesticides unlike other organic compounds may enter ground water and surface
water as run-off due to direct application to the soil surface or application to crops for
destroying, preventing, repelling or mitigating against pests, animals, fungi and
microorganisms (Ware and Whitacre, 2004; Ezemonye et al., 2009). Other sources of
pesticides entrance into water bodies includes through point sources like sewage treatment
plants, sewer overflows and poor management practices of farmers or from atmospheric
deposition (Guruge and Tanabe, 2001; Mayon et al., 2006; Shukla et al., 2006).
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In a recent study, Ezemonye and co-workers (2009) reported concentration ranges of
diazinon (organophosphate insecticide) in water, sediment and fish samples from Warri
River in Niger-Delta after extraction and quantification using high pressure liquid
chromatography. The concentration range of 0.07 to 1.76 ng L1, 0.49 to 2.54 ng L1 and 0.08 to
4.29 ng L1 were reported for water, sediment and fish samples, respectively. Ize-Iyamu et al.
(2007) investigated and reported seven OCPs namely lindane, aldrin, pp-DDE, pp-DDD, op-
DDD, op-DDT and pp-DDT in water and two fish species (Tilapia Zilli and Claras lazera)
from Ikoro, Ovia and Ogba rivers using gas chromatography - electron capture detector.
Lindane and aldrin were the most dominant OCPs in all the samples analyzed ranging from
0.5712 to 0.8143 pg L1 and 0.5031 to 0.3218 ng L, respectively.

In a more recent study on Lagos Lagoon, Adeyemi et al. (2011) reported the levels of nine
OCPs residue in water using solid-phase extraction followed by gas chromatography
quantification. The concentration range for the nine OCPs are 0.006 to 0.950, ND to 0.067,
ND to 0.123, 0.015 to 0.774, 0.015 to 0.996, 0.012 to 0.910, 0.005 to 0.477, 0.015 to 0.996 and
0.080 to 0.790 nug L1 for chlordane, heptachlor, methoxychlor, hexachlorobenzene,
endosulfan, dichelorophenyltrichloroethane, dichelorophenyldichloroethylene, dieldrin and
aldrin, respectively. In another study on the Lagos lagoon, Adeboyejo et al. (2011) found the
following range of OCPs in water samples: aldrin (ND - 658 ngl1), chlordane (218.0 - 702.0
ng L1), endrin (ND - 2551 ng L-1), DDD (20.3 - 268 ng L-1), pp-DDE (0 - 176 ngl!), a-HCH
(ND - 2300 nglt), y-HCH (ND - 783 ngl?), p-HCH (28.9 - 518 ng L-1), 6-HCH (0 - 498 ng L1),
endosulfan (ND - 3726 ng L-1) and heptachlor (ND - 1405 ng L-1,).

Also, some levels of OCPs have been reported in edible aquatic life in the Lagos lagoon.
Adeboyejo et al. (2011) reported OCPs concentration ranges of ND to 30240, ND to 517, 26 to
5480, ND to 11430, ND to 37780, ND to 13260, ND to 13, 0 to 3510, ND to 11490, 0 to 55740,
ND to 990, 38 to 421, 0 to 1030 and ND to 60.3 pg kg1 for aldrin, dieldrin, chlordane, endrin,
endosulfan, heptachlor, HCB, a-HCH, y-HCH, p-HCH, 6-HCH, pp-DDD, pp-DDE and
DDT, respectively.

Another group of organic pollutants of total neglect in the fresh and marine water systems
are chemicals specifically classified as endocrine disruptors. According to Diamanti-
Kandarakis et al. (2009), “an endocrine-disrupting substance is a compound, either natural
or synthetic, which through environmental or inappropriate developmental exposures alters
the hormonal and homeostatic systems that enable the organism to communicate with and
respond to its environment.” Endocrine disrupting chemicals (EDCs) consist of many
natural and synthetic organic compounds, but are mostly manmade products such as
alkylphenols, alkylphenols-ethonylates, and polychlorinated biphenyls (PCBs). Others
include polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, organochlor
pesticides, dichlorodiphenyl, dichloroethylene, nonylphenols, steroid hormones and
phthalates (Arditsoglou and Voutsa, 2008; Hjelmborg et al., 2006; Mauricio et al., 2006). Of
these groups of chemicals are Phthalates or phthalic acid esters (PAEs). They are diakyl or
alkyl esters of 1,2 benzene carboxylic acid (Luks-Betlej et al., 2001; Alatriste-Mondragon et
al., 2003; Adeniyi et al., 2008). They are formed when methanol, ethanol or other alcohols
react with the carboxyl groups on the benzene ring of phthalic acids. The corresponding
esters are formed with different alkyl chains, e.g.,, dimethyl phthalate (DMP), dibutyl
phthalate (DBP) and di (2-ethylhexyl) phthalate (DEHP). Similar to other organic
contaminants, EDCs are not been monitored in the freshwater systems to the best of our
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knowledge until recently when levels and the distribution pattern of phthalate esters were
reported in some water samples from south western Nigeria.

Fatoki and Ogunfowokan (1993) reported PAEs concentrations in the river and tap water in
the south western Nigeria. Water samples from the Lagos, Oyo, Osun, Ondo, and Delta
states of Nigeria and the cities' water treatment plants were analyzed for the presence of
phthalate esters. Extraction with CHCI, and liquid chromatography was used for compound
separation. Several phthalate esters, dimethyl- (DMP), diethyl- (DEP), and di-n-butyl- (DBP)
were found present at levels of 10 mg L1 to 1472 mg L1 in river water and 91 mg L1 to 1219
mg L1 in tap water from the cities' water treatment plants.

Ogunfowokan et al. (2006) investigated the levels and seasonal variations in the occurrence
of PAEs in sewage oxidation pond at the Obafemi Awolowo University, Ile-Ife, Nigeria. The
sewage lagoon and the receiving stream were grossly polluted as several phthalate ester
plasticizers: dimethyl phthalate (DMP), diethyl phthalate (DEP), di-2-propyl heptyl
phthalate (DPHP), dibutyl phthalate (DBP), diethyl hexyl phthalate (DEHP), di-octyl
phthalate (DOP) and diisononyl phthalate (DINP) were found present at monthly mean
levels of between 24.02 and 139.25 mg L in the sewage treatment lagoon and 10.41 and
80.53 mg L in the receiving stream. The results showed higher levels of phthalate esters in
the sewage lagoon compared to the receiving stream. The sewage lagoon was identified as a
pollution point source into the receiving stream. Levels of phthalates obtained from the
receiving stream are much higher than the water criteria of 3 pg L2 phthalates
recommended by the United States Environmental Protection Agency (USEPA) for the
protection of fish and other aquatic life in water and the Suggested No-Adverse Effect
Levels (SNAEL) of 7.5-38.5 png L for drinking water. This should give cause for great
environmental concern. Peoples” health downstream is at stake and so is the ‘health” of the
ecosystem.

In a more recent study on this group of compounds, Adeniyi et al. (2011) reported four
phthalate esters— DMP, DEP, DBP and DEHP —in water, sediment, and some fish species
using flame ionization gas chromatography. The samples were collected from the Ogun
river catchments, Ketu, Lagos. The DMP was not detected in the water and fish samples but
was detected in sediments collected from four of the six sampling sites. The concentration of
DEP,DBP, and DEHP in the fish species ranged from 320.0-810.0, 380.0-1,080.0, and 40.0-
150.0 pg kg1 in Tilapia sp.; 310.0-860.0, 400.0-1,170.0, and 40.0-110.0 pg -1 in Chrysichthys sp.;
and 320.0-810.0, 400.0-3,970.0,and 30.0-300.0 pg kg (DEHP) in Synodontis sp., respectively.
The values of 1,480.0-1,755.0, 2,025.0-2,705.0, and 255.0-480.0 pg L1, were recorded
respectively for DEP, DBP, and DEHP in the water samples, while the concentration ranges
of phthalates in the sediment samples are ND to 850.0 pg kg! (DMP), 80.0-350.0 pg kg
(DEP), 190.0-1,420.0 pg kgt (DBP), and 20.0-820.0 pg kg (DEHP).

5. Sediment pollution

Sediment acts as a sink for pollutants. Environmental contaminants such as hydrocarbons,
heavy metals and pesticides have been known to have direct toxic effects when released into
the aquatic environment (Forstner et al., 1998; Fleeger et al., 2003). There is a direct link
between surface water and sediment contamination. Accumulated heavy metals or organic
pollutants in sediment could be released back into the water with deleterious effects on
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human health. Adekola and Eleta (2007) have carried out studies on the heavy metal
pollution of Asa River in Ilorin, Kwara state of Nigeria. The researchers reported metals in
the concentration range of Mn (179.9-469.4 mg kg1), Fe (1998.4-4420.4 mg kg?) Cr (3.0-11.3
mg kg1), Zn (26.6-147.6 mg kg1) and Cu (1.9-13.3 mg kg?). Higher enrichment factors (EFs)
were calculated for zinc, chromium, manganese and iron in the sediment samples. High
values of EFs indicates anthropogenic source of contamination. Elevated levels of Fe, Ni and
V have been observed in the sediments of Iko River, a gas flaring station in the Niger Delta
areas of Nigeria (Benson and Etesin, 2008). Contamination of sediments and fauna in aquatic
ecosystems of Niger Delta by a wide range of toxic and bio-accumulative metals and
hydrocarbons have been reported severally by Ebong et al. (2006), Udosen and Benson
(2006) and Benson et al. (2007). In another study on the Lagos Lagoon carried out by
Adeboyejo et al. (2011), the levels of OCPs in sediment were investigated from three stations
along the Lagoon. The concentration in sediment (ng kg?1) ranged from ND to 2.96, 0 to 1.83,
0.62 to 43.54, ND to 15.6, ND to 32.13, ND to 7.15, ND to 1.3 and 0 to 2.42 for aldrin, dieldrin,
chlordane, endrin, endosulfan, heptachlor, HCD and a-HCH, respectively. The findings
showed that these chemicals tend to bind with river’s sediment particles with resultant
effects on water pollution.

6. Future management strategy for surface water quality monitoring in
Nigeria

At present, the monitoring of surface and ground water in Nigeria is carried out mostly by
individual researchers in the Universities, Research Institutes, Government Agencies and
some other organisations. The monitoring is haphazard, short term and based on individual
interest and the reagents and equipment available to the Scientist. The monitoring is not
properly coordinated and quality assurance programme is not incorporated in most of the
studies. Therefore, comprehensive data on the water quality of major rivers in the Nigeria is
not available. Recalling that water quality monitoring is a scientifically designed system of
long-term, standardized measurement, systematic observation, evaluation and reporting of
water quality in order to define status and/or trends, the need to improve the monitoring of
the country’s surface water cannot be overemphasised.

According to Whitfield (1988), the goals for water quality monitoring should be directed
towards expansive information needs, determination of compliance within objective and
standard framework, assessment of environmental trend and effects, mass transport
estimation, and performance of general surveillance. It is therefore necessary to set up
monitoring goals, which must be carried out with an appropriate sampling plan, where
collected data could be periodically reviewed (Whitfield, 1988). All these procedures are
lacking in the context of water quality in Nigeria.

The Federal Ministry of Water Resources and Rural Development was established in 1984 to
among other functions, safeguard the water resource of the nation through periodic
monitoring. The Federal Environmental Protection Agency - FEPA (established in 1988)
which later transformed to the Federal Ministry of Environment also had the mandate of
monitoring the environment of the country. The functions of FEPA also included regulation
of effluents discharge by industries and several other Institutions. Statutory power was
given to the Agency to prosecute any offender. The essence of this is to protect the water
resource of Nigeria from pollution.
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Water quality degradation had been found most severe in Lagos, Rivers, Kano and Kaduna
where most of the country’s industries are located (Ekiye and Zejiao, 2010) with subsequent
effects on public health and economic development (Ajibade, 2004, Adewolu et al., 2009).
There is need for protection of water bodies in Nigeria as millions of the populace rely on it for
daily water supply. The Federal Ministry of Environment must strengthen the present
environmental laws such that the polluters of water bodies could be prosecuted. Industrial and
agricultural sectors should also be compelled to treat their wastes before being discharged into
the water bodies. Drastic measures must be taken by all authorities concern to minimize
children morbidity and mortality due to poor sanitation and water quality problems.

There is an urgent need for the establishment of a National Water Monitoring Programme
(NWMP) that will monitor the surface water of Nigeria. Quality Assurance Monitoring Plan
(QAMP), which addresses quality control issues in detail, must be included in the monitoring
programme. The water quality data that will be obtained from such a programme will be used
to characterize waters, identify trends over time, identify emerging problems, determine
whether pollution control programs are working, help direct pollution control efforts to where
they are most needed, respond to emergencies such as floods and spills and also provide the
regulatory community with baseline data needed to enforce environmental law.

In the USA, trained volunteers are monitoring the condition of their local streams, lakes,
estuaries and wetlands. Environmental Pollution Agency encourages all citizens to learn
about their water resources and supports volunteer monitoring because of its many benefits.
Volunteer water monitors build community awareness of pollution problems, help identify
and restore problem sites, become advocates for their watersheds and increase the amount
of needed water quality information available on USA waters. A similar approach can be
adopted in Nigeria. For example, a Directory of Environmental Monitoring Volunteers
should be introduced using the National Youth Service Corps (NYSC) members (“Youth
Corpers’). The young Science graduates that spend one year serving the country should be
trained as Water Quality Monitoring Officers during their Orientation Programme. In
addition, a special scheme to recruit young graduates as Water Quality Monitoring Officers
should be introduced. The results of a comprehensive monitoring of our surface water on a
weekly, monthly and quarterly basis will then be uploaded on a website. If the programme
is adopted, quality data on our streams and rivers will be acquired.

In the light of new information and additional knowledge about the various environmental
toxicants in the past two decades, there is an urgent need for a review of current
environmental standards, regulations and laws in the country. The establishment of an
Agency or a unit under the Federal Ministry of Environment that will enforce the laws and
prosecute offenders cannot be over emphasised.

7. Conclusion

This paper has reviewed the water quality assessment and monitoring of surface water in
Nigeria. The variation in water quality experienced in Nigeria reflects differences in land
management and the physical environment. These differences occur both as a result of
natural variability, societal development and pollutant inputs. In addition, water quality in
the vicinity of urban areas is influenced by industrial and urban development.
Understanding the condition of rivers and streams is critical if Nigeria is to develop effective
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plans to maintain, manage, and restore them. Water quality is affected in many ways. It
changes with the seasons and geographic areas, even when there is no pollution present,
therefore we must pay close attention to water quality by monitoring and testing. Like most
other countries, the provision of quality water to the ever increasing population of Nigerians
cannot be over emphasised. Without an adequate water supply, the millions of Nigerians
will suffer, agriculture will be hampered, and the recreational industry will suffer.
Therefore, a system that monitors the changing quality of the surface-water resources is
highly necessary, and must be put in place by all Federal and State Agencies concerned.
Water quality monitoring is therefore, pertinent for provision of data baseline that will be
useful for policy makers and stakeholders to formulate policy that will favour protection
and management of water resources. The issue of surface water pollution need to be
addressed urgently by the Government to safeguard the public health.
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