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Abstract
Detailed geological descriptions, geochemical and bacteriological analyses of surface water resources in the Nnewi area of
Anambra State formed the basis for the assessment of water resources contamination and the implications for public health.
Thirteen surface water samples were collected from the three major drainage systems in the area and subjected to microbiological
and physico-chemical analyses, to determine the coliform counts, as well as concentration of the dissolved constituents. Results of
the bacteriological analysis revealed consistently high coliform counts that ranged between 1500 and 6100 c/u/ml. The observed
high coliform bacteria count in the samples clearly indicates pollution probably from sewage effluents, pit latrines and/or from
solid waste disposal. Physical and chemical analysis of the water samples show that all the samples have low pH values (5-7) and
permissible ranges of Electrical Conductivity (EC), Hardness, Total dissolved solid (T.D.S) and dissolved oxygen. Concentrations
of the major cations and anions (Na, CA, Mg, Fe, S, Cl, NO3) are all low and within permissible limits. However, the samples
have abnormally high concentration of phosphate (11 to 106) and Lead (.0.01mg/l). The abnormal phosphate concentration may
be a reflection of contamination from the Ameki Formation and/or poor sewage disposal, while the high lead values may be
attributed to human/industrial activities going on within the commercial town of Nnewi. Lead poisoning can affect the function
and structure of the kidney, bone, central nervous system, and hematopoietic systems. In the light of these findings, the Anambra
State Environmental Protection Agency (ANSEPA) is advised to embark on serious public awareness campaign on how to
manage wastes. This should be backed up with effective operations strategy and strong Government support. Strict laws on waste
management should be promulgated and directed at industries, hospitals, schools, markets, and residential areas within and
around the Nnewi commercial area.
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1.1.

INTRODUCTION

A recent reconnaissance survey of Nnewi and environs revealed that the area, like many other urban towns
in Nigeria, is characterized by indiscriminate dumping of wastes that clog up drains and create stagnant
water for insect breeding and flooding during the rainy seasons. The area is also underlain by a succession
of phosphate-bearing Ameki Formation and lignite- bearing Ogwashi-Asaba Formation (Reyment, 1965;
Oboh-Ikuenobe et al., 2005). Contamination of surface and groundwater by leachates coming from these
rock strata and from the improperly managed solid wastes is therefore a major source of concern in the area.
Environmental pollution of surface and ground water in urban towns as a result of indiscriminate disposal of
all kinds of wastes has been reviewed by several researchers (e.g. Kehinde, 1998; Adelana et al, 2005;
Ajala, 2005; Ocheri, 2006, Eni et al, 2011). These researches have shown that geology plays a fundamental
role in groundwater pollution in any region. Groundwater is stored in permeable rock units (such as
sandstone), which may be confined or unconfined. Water in an unconfined aquifer is most liable to
contamination by leachates emanating from decomposing solid wastes. It therefore follows that the nature,
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distribution and geochemistry of rocks, as well as solid waste management strategy, largely determine the
quality of water resources of any given area.
The commercial town of Nnewi in Anambra State is underlain by a succession of phosphate-bearing Ameki
Formation and lignite-bearing Ogwashi-Asaba Formation (Oboh-Ikuenobe et al., 2005). Nnewi is also noted
for open waste disposal practices, where indiscriminate dumping and burning of solid wastes are prevalent
(Fig. 1). In certain parts of the area, the porous sandstone of

the Ogwashi-Asaba Formation is exposed on the surface and serves as groundwater recharge points. The
combination of geology and improper management of solid wastes thus potentially exposes groundwater in
the area to contamination by all kinds of leachates. This situation constitutes a potential public health
hazard. There is therefore need to ascertain the nature and levels of water resources contamination in Nnewi
and environs. This will provide basis for a sound solid waste management strategy for the town and
immediate environs.
2.1.

Regional Geological Setting

Nnewi and environs lie within the Niger Delta basin of southern Nigeria. The basin is considered to have
originated following the continued subsidence of the trailing edge of the African plate after the break-up of
the Gondwana supercontinent that created the Benue Trough as a result of thermal contraction of the
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lithosphere (Nwajide, 2013). The Benue Trough may be viewed as the mega-furrow first of all filled with
both continental and marine facies ranging in age from Early Cretaceous to Santonian in the southern area,
and from Early Cretaceous to Maastrichtian in the north. As a result of a structural reorganization in the
West and Central African Rift System in the Santonian (Nwajide, 2013), the Anambra Basin was formed
and filled with Campanian to Early Paleocene (Danian) facies. The next in the sequence was the
establishment of the Niger Delta sedimentation following further asymmetrical subsidence of the southern
area of the (Anambra Basin) during the Paleocene. A major sea level rise resulted in the deposition of an
extensive prodelta facies of the Paleocene Imo Formation. Subsequent regression, with intermittent
transgressive episodes, built the largely off lap wedge consisting of the Ameki Group (Eocene-Oligocene)
and Ogwashi Asaba Formation (Oligocene-Miocene) with their respective subsurface equivalents (Murat,
1972; Nwajide, 1990; Fig.2; Table 1).
2.2.

The Study Area

The study area lies within latitude 5058’N and 6005’N and longitudes 6050’E and 6056’E and encompasses
two local government areas- Nnewi North and Nnewi South (Fig. 3). Nnewi North is commonly referred to
as Nnewi Central, and comprises four autonomous quarters: Otolo, Uruagu, Umudim and Nnewi-Ichi, while
Nnewi South includes Uttuh, Ukpor, Ebenator and Umuruko. The study area is accessible through many
roads (both major and minor roads), and
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foot paths. These include the Owerri-Onitsha highway that connects Nnewi through the Oba-Nnewi and
Oraifite-Nnewi roads (Fig. 4). This region is underlain by the Eocene-Oligocene succession represented by
the Ameki Group and the Ogwashi-Asaba Formation. The Ameki Group comprises the Ameki Formation,
Nanka Sands and the Nsugbe Sandstone (Nwajide, 1979; 2013). The Ameki Group conformably overlies
the Imo Formation (Odunze and Obi (2011).

The Ogwashi-Asaba Formation which was earlier named the “Lignite series” by Parkinson (1907)
represents the Oligocene-Miocene stratigraphic unit overlying the Ameki Group. According to Okezie and
Onuogu (1985), lignite occurs in both the Ameki Formation and Ogwashi-Asaba Formation in the NnewiOba area.
Drainage Systems
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The study area is drained by the Ulasi-Eze system, the Ololo River, Ekulo and the Idemili Rivers and their
numerous

tributaries.

A

prominent

drainage

divide

separates

the

Idemili

drainage system to the north and the Ulasi-Eze, Ololo and the Ekulo systems to the south (Fig. 4). The Ololo
River and the Eze River drain the Nnewi commercial town, while the Ekulo drains Oraifite and Oba areas.
The intense erosive activities of these rivers and their numerous dendritic tributaries have been the major
force shaping the landscape of the region.
3.1. Methods of Study
Twenty six samples were collected from thirteen surface water bodies and boreholes in the study area (Fig
6). Two samples were collected from each site and the average values are reported. Samples (250 ml) were
collected using prewashed sterilized 1 litre plastic containers. Prior to sampling at each location, source
water was used to rinse the sampling containers. The samples were preserved in iced cooler and sent to the
laboratory (Chemistry Laboratory COOU) for determination of the various physicochemical parameters.
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3.2. Physicochemical Analysis
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The physicochemical analysis was done within 48 hours of samples collection. Prior to this analysis the
groundwater samples were filtered through a cellulose acetate filter (0.45-micron milli-pore filter). Field
parameters such as colour, physical appearance, pH, temperature and electrical conductivity were measured
in the field. Water samples were transported to Chemistry Laboratory and Microbiology Laboratory of the
COOU, in a cold box containing ice freezer packs for physicochemical analysis and bacteriological count,
respectively.
The pH was measured in the field using a Hach portable pH meter. Na+ and K+ were measured using a
Gallenkamp Flame instrument (flame analyzer model FGA 330c). Sulphate (SO42−) and nitrate (NO3 –)
concentrations were determined by Hach DR/2000 spectrophotometer with turbidimetric formula in line
with the American Public Health Association (APHA, 1989, 2005, 2017) guidelines. Chloride (Cl−) and
bicarbonate (HCO3 –) concentrations were determined using titrimetric method.
Total and Faecal Coliforms Count: Total and faecal coliform counts were carried out by membrane
filtration technique (APHA, 1999). A sterilized pad dispenser was used to introduce the growth absorbent
pads into the base of Petridishes, and the growth pads were saturated with the Lauryl Sulphate Broth. 100
ml water sample was filtered using a membrane filter (0.45 μm) in a vacuum filtration apparatus, and all the
filters were transferred to the absorbent pad which was saturated with the broth. The Petri dishes were
incubated at 37°C for 4 hour for resuscitation to recover physiologically stressed coliforms before
incubation. Thereafter, plates for total coliform and thermo-tolerant coliform counts were incubated at 37°C
and 44°C, respectively, for 24 hours, and then colonies were counted and recorded.
4.1. Result and Discussion
Results of the bacteriological and physico-chemical analyses of surface water samples collected from Ololo
and Ekulo drainage systems are shown in Tables 2 (a) & (b), while the results of the chemical analysis are
shown in Tables 3(a) & (b).
4.2. Bacteriological Analysis
The total bacterial counts in samples from the three major drainage systems (Ekulo and Ololo River
systems) are consistently high and range between 1.5 and 6.1 CFU/100ml The highest counts of 6.1
CFU/100ml and 6.0 CFU/100ml were recorded by samples from Mmiri John (Sample No.10 ST) and St.
Cletus borehole, Otolo Nnewi (Sample No. 12 ST; Tables 2 and 3). The lowest value of 1.5 x 103 CFU/L
was recorded for the Oduga stream Umuzu Nnewi and whereas the highest number (6.1 x 10 3 CFU/L) was
recorded for borehole sample from the St. Cletus Catholic church Otolo Nnewi. These values are far above
the USEPA limit (<500 CFU m/L). The observed high coliform bacteria count in the stream samples is a
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clear indication of pollution probably from sewage effluents, pit latrines and/or from solid waste disposal.
The presence of coliform bacteria in the borehole samples may be due to initial non-sterilization of the
borehole before use. This may be remedied by chlorine dosing of water in the screen casing and water tank
area.
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4.3. Physicochemical Characteristics of the Surface Water
The pH scale ranges from 0-14, with the theoretical neutral point being placed at the number 7 (Fig. 7). The
normal range of stream water is between 6 and 8, while the recommended pH for drinking water is 6.5–8.5.
Table 2 shows that the pH of water samples analyzed in this study ranges between 5.0 and 7.0. Sample from
the Eze River (Nos. 4ST), Umuezenna stream (5ST), the borehole at Emma Bus stop, Uruagu-Nnewi (6ST),
Obolo spring, Ichi (8ST) and Obodo stream, Uke (11ST; Table 2), all fall within the acidity range (Fig. 7).
Remarkably, these streams are all associated with lignite beds. The observed low pH values may readily be
attributed to the dissolution in groundwater of organic acids in the soil, derived from the microbial
degradation of decaying plants, or possibly from the lignite beds. Slight acidity is not known to cause any
direct health hazard aside its reactivity with metals and pipes (corrosion). All the other samples recorded pH
values consistent with the recommended standard limits of 6.5–8.5 (WHO, 1997).
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Electrical Conductivity (EC) values vary between 10 and 185 μs/cm (Tables 2 (a) & (b)). These values are
all within the WHO permissible limit of < 250. The chemistry of the groundwater generally indicates low
dissolved solute and hence low salinity as reflected by low values of Electrical Conductivity in the analyzed
samples.
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Values for the Total Hardness (TH) and Dissolved Oxygen concentration obtained in this study are all are
within the permissible WHO standard limit of 8.3 mg/l and 5 to 9.5mg/l respectively (Tables 3 a & b). They
are thus generally classified as having minimal nuisance value.
Chemical Parameters: The concentrations of calcium and magnesium in the surface waters of the study area
are all within the WHO (1993) limits (Tables 3(a) and (b)). However, the concentration of iron (Fe) in some
samples is slightly above the 0.3 mg/l WHO (1993) limit (Fig. 8). The presence of iron in the surface and
ground waters of the study area can be attributed to the leaching of the highly ferruginized Ogwashi Asaba
Formation which consists of dominant red earth material that forms the overburden in the study area.
According to Hems, (1989), ferrous Fe2+ and ferric Fe3+ ions are found in groundwater because of the
reducing conditions in the environment which favors soluble iron oxidation, it also occur in many aquifers
in trace amounts in practically all sediments and rock formations.
Sulphate, chloride and nitrate concentrations in the samples analyzed in this study (Tables 3 (a) & (b)) are
far below the W.H.O (1993) recommended limits, thus indicating the absence of sulphate, chloride and
nitrate pollutants in streams of the area.

All the samples analyzed in this study recorded Lead concentration greater than 0.01 mg/l (the permissible
WHO (1993) limit (Fig. 9). The observed high levels may be attributed to prolonged lead leaching from
multiple sources such as those from decomposed lead batteries, plumbing systems and as a result of an
increase in the concentration of dissolved oxygen, temperature, and pH (Ibezue, 2019). The occurrence of
Lead (Pb) in surface and ground waters has been reviewed by Clarkson (1990), Ibezue et al., (2013), Merian
(1991). These researchers attributed the presence of Lead in the environment to human/industrial activities
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such as the manufacturing and use of Pb- bearing pesticide/fertilizer, the combustion of fossil fuels in
automobiles and trucks. These activities which are part of the day-to-day business in industrial town of
Nnewi can therefore readily account for the presence of Lead in the surface and ground waters of the study
area. Lead is toxic to humans and wildlife because it affects the function and structure of the kidney, bone,
central nervous system, and hematopoietic systems.

Results of the analysis (Tables 3 (a) & (b)) also show that the concentration levels of phosphates in the
surface and ground waters of the study area range between 11 and 106 mg/l. The natural levels of phosphate
in ground and surface waters usually range from 0.005 to 0.05 mg/l (Kotoski, 1997; Fig.10).
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The observed high level of phosphates in the samples may also be attributed two possible sources:
(i) Contribution from phosphate-rich rocks, released during weathering, erosion, and leaching. The present
study area is underlain by a succession of the phosphate-bearing Ameki Formation and the Ogwashi-Asaba
Formation.
(ii) Contribution from sewage sources- A normal adult excretes 1.3-1.5 g of phosphorus per day. Additional
phosphorus originates from the use of industrial products, such as toothpaste, detergents, pharmaceuticals,
and food-treating compounds. Nnewi is a fast growing commercial town with attendant huge sewage wastes
and improper disposal habits.
The high levels of phosphate recorded in this study can cause digestive problems, increased risk of
cardiovascular disease, osteoporosis and poor bone maintenance problems (Kotoski, 1997).

On the

environment, phosphate can stimulate the growth of plankton and aquatic plants which provide food for
fish, thereby causing an increase in the fish population and improve the overall water quality. However, the
high levels recorded in this study can lead to wild algae and aquatic plant growths which can choke up the
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streams and use up large amounts of oxygen- a condition known as eutrophication or over-fertilization of
receiving waters.
5.1. Conclusion
This study has shown that Nnewi and its environs are underlain by a succession of phosphate- and lignitebearing mud rock that has the potential to generate chemical contaminants. Chemical analysis shows that
the physico-chemical parameters of surface water in the area are all within the World Health Organization
(WHO) permissible limits, except for phosphate and lead concentrations that did not meet the acceptable
standards. About 85% of water samples analyzed showed concentration values less than the standard set by
the World Health Organization (WHO). The abnormal concentration of phosphate may be attributed to
contaminants from the Ameki Formation and/or poor sewage disposal. It may also be attributed to
human/industrial activities going on within the commercial town of Nnewi. High concentration of lead in
water resources may be attributed to prolonged lead leaching from multiple sources such as those from
decomposed lead batteries, plumbing systems and as a result of an increase in the concentration of dissolved
oxygen, temperature, and pH (Ibezue, 2019). Lead poisoning can affect the function and structure of the
kidney, bone, central nervous system, and hematopoietic systems.
Bacteriological analysis of the surface water samples from the study area indicates that the total bacterial
counts are consistently high. This is a clear indication that the water possibly was polluted by sewage
effluents, pit latrines and/or from solid waste disposal. The presence of coliform bacteria in the borehole
samples is consistent with the unconfined aquifer system in the area. Moreover, the presence of waterquality indicator bacteria might be associated with poor waste disposal systems and management of water
sources. Therefore, there is a need to design an efficient waste disposal system and a catchment area
management system for the commercial city and around the water sources.
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