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Abstract: Analyses of water sample from different drinking water sources in rural areas of Bawari, Kuje,
Gwagwalada, Kwali area of Abuja FCT, was carried out to ascertain the magnitude ofphysico chemicals,
anions and organic pollution of drinking water sources. All the drinking water sources in the areas were
examined. The parameters determined included; temperature, pH, Electrical conductivity (EC), total
dissolved solids (TDS), turbidity, Total Hardness, Nitrate, Nitrite, Chloride, sulphate, phosphate,
trihalomethanes (Chloroform (CHCI3), Dibromochloromethane (CHBr,Cl), bromodichloromethane (CHBr
Cl,) and bromoform (CHBr3). using convectional equipment and standard laboratory procedures. Some of
these parameters indicated traceable pollution but were below the World Health Organization (WHO)
Standard for drinking water quality limits for consumption. Statistical analyses indicated insignificant
differences among all the parameters tested for in the samples at 95% level. The results found that physical
parameters tested such as turbidity, pH, TDS, conductivity, and colour did not indicate any reason for
concern. All the physico — chemical parameters remained almost constant with little variations over time.
Although there are some variation, but the variations over time for these parameters studied were within
recommended guidelines. These variations were too insignificant to be of major concern to the people
drinking and used such water sources. This therefore made the water from the sources fit for human
consumption but water treatment still required because of the other parameters that may be of health threat
that were not considered in this study.

Keywords: Anions, Assessment, Drinking Water Sources, Indicators, Organic Components, Pollution, Rural
Areas.

1. INTRODUCTION

Good drinking water sources has always been a major issue in many rural areas in Nigeria, many of
the rural populace do not have access to adequate water and therefore, depend on other alternatives
like wells, borehole, stream and river, rain water for drinking and domestic use. The assessment of
these water quality statuses is important for socio-economic development of any area of the world.
The determination of drinking—water quality for human consumption is important for the well-being
of the ever increasing population. Good quality water will ensure the sustainability of socio-economic
development, rather than channelling the resources towards combating outbreaks of water borne
diseases due to consumption of contaminated water. Drinking—water quality depends, to some extent,
on its chemical composition [9] which may be modified by natural and anthropogenic sources. As
drinking—water sources have a huge potential to ensure future demand for water, it is important that
human activities on the surface do not negatively affect these precious resource [10]. It was
emphasized the importance of these water sources globally as a source for human consumption and
changes in quality with subsequent contamination can, undoubtedly, affect human health. The World
Health Organization has estimated that 80% of all sickness and diseases in the world are attributable
to unhygienic water [9]. Water borne diseases are among the leading causes of death in many
developing countries today. In addition to the alarming mortality rates, it is estimated that people in
developing countries lose 10% of their productive time because of disease related to poor and
contaminated water [12]

Organic chemicals have been widely detected in water sources, most commonly found organic
chemicals in drinking water systems are tetrachloroethylene or perchloroethylene, trichloroethylene,
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1,1,1-trichloroethane and vinylidene chloride or 1,1-dichloroethylene. There are concerns that some
of these volatile organic chemicals cause cancer, but data on this and reproductive effects are mainly
from animal studies, data from human studies are limited. The most common synthetic organic
chemicals used are by-products produced when chlorine is being used to disinfect the water. When
chlorine reacts with natural organic material in the water the trihalomethanes (THMs) are produced.
The THMs include chemicals such as chloroform (dichloromethane), bromoform, bromodichloro-
methane and dichlorodibromomethane. Chloramines on the other hand are used as an alternative to
disinfect the water and produces fewer THMs. Chloramines are less effective than chlorine. Kidney
dialysis facilities remove chloramines because they can damage red blood cells [7]. Historical disease
outbreaks in drinking water utilizing any water source is still of concern [9]. Untreated water sources
are subjected to contamination from animal populations and excessive runoffs during severe storms,
resulting in water pollution. Ground water is considered to be safe and free of disease causing
microbes. The most dangerous form of groundwater water pollution by these microbes is human
enteric viruses, ulcer causing bacteria, and protozoa (cryptosporidium) [9]. Groundwater is a
commonly used term to refer to water that has percolated from ground surface through the soil pores.
They are vital source of water supply, especially in rural areas where dry summers or extended
droughts cause stream flow to stop. Each groundwater system in an area is known to have a unique
chemistry, which is acquired as a result of chemical alteration of the meteoric water recharging the
system [10].

During rainfall, water tends to dissolve particulate matters, atmospheric gases such as CO,, CO, N,,
NO,, SO, and other green house gases that are present in the atmosphere. Dissolution of these
substances in rainwater compromises the natural purity of rainwater. On reaching the earth’s surface,
some of these solute components are associated with the acid rain phenomenon [3]. Surface water on
the other hand is the most contaminated water body as it is interfaced between the earth crust and the
atmosphere. The earth crust is composed of mainly silicate minerals that can be washed off or
weathered by running surface water, and this has the effect of likely increasing the turbidity of surface
water. However, besides natural factors, anthropogenic factors particularly those that tend to introduce
harmful substances to the soil are also of significance in the evolution of water quality [9]. Effluent
discharges from industry, fertilizers/manures application on farmland are some examples. Some of
these substances could undergo secondary changes, as they are washed along the soil strata [8]. This
is more likely to take place with water containing dissolved ionic solutes that could replace metallic
ions from the silicate minerals [1]. Some drinking water is grossly polluted at its source such as rivers,
streams, and underground aquifers. A considerable number of studies have attempted to correlate the
incidence of water-borne and water-associated diseases with water supply availability and the quality
of the water. The overall findings confirm that a better water supply and of good quality leads to
better health. Drinking—water or water quality is mainly controlled by the range and type of human
influence as well as geochemical, physical and biological processes occurring in the area [11]. It
therefore becomes imperative to regularly monitor the quality of the drinking—water consumed in
some rural areas. A lot of works had been done on water but most of the works were on heavy metals
and most of them were carried out in cities and urban areas so, this study therefore is to investigate
some anionic and organic as a pollution indicator of drinking water source in some of the rural areas
of Abuja “FCT” Nigeria.

2. MATERIALS AND METHODS
2.1.Study Area

Abuja is located between latitude 7* 20° north of the equator and longitude 6 45 and 7* 39° east of
greenwich. The capital territory occupies a land area of 8,000 square kilometres. It is bounded on the
north by Kaduna state, on the west by Niger state. On the east and south by Nassarawa state and on
the south-west by Kogi state. Federal Capital Territory consist of six area councils namely Municipal,
Bawari,Kuje, Gwagwalada, Kwali and Abuja.

Abuja has a tropical sub-humid climate, with two distinct seasons, namely a wet and dry season. The
wet season lasts for seven months starts from April and ends in October. Its major elements have
regimes that are transitional from those of the southern and northern parts of the country. Thus,
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relative humidity is not as high as in the northern parts and temperatures are not as high as in the far
north either. The annual rainfall total ranges from 1,200mm to 1,500mm. Temperatures are generally
very high during the day, particularly in the months of March and April. Gwagwalada, one of the area
councils, for example, records average maximum and minimum daily temperatures of 35°C and 21°C
in summer and 37°C and 16°C in winter, respectively.

2.2.Sample Collection

Water samples were collected from different communities of area councils of Abuja, namely Bawari,
Kuje, Gwagwalada, Kwali from different drinking water source respectively: rivers/streams,
boreholes, wells, and rainwater storage, using plastic containers. The choice of area for sample
collection was guided by availability of such drinking water sources.

The water sample containers used were washed and rinsed with 5% nitric acid and was again later
rinsed with distilled water after which they were dried before use for sample collection. About three—
five separate samples were collected at regularly intervals from each of the water sources
rivers/streams, boreholes, wells, and rainwater harvest. Water bottles were capped tightly after sample
collection. The samples were then kept refrigerated before they were analyzed. The samples were
labelled as coded. Composite samples were obtained from all sets of source samples (surface and
underground water). The obtained composite of each sample was again split into three equal parts for
the laboratory analysis. Each set of sample was preserved according to specific needs of the intending
analysis [9].

Parameters investigated include pH, temperature, electrical conductivity, turbidity and total dissolved
solidand were estimated using standard methods. lon chromatography (Metrohm 761 Compact IC—
system A) was the analysis method used to determine the common anions such as fluoride, chloride,
nitrite, bromide, nitrate, sulphate and phosphate. Most organic determinants (measured in pg/l), which
may have direct health impact if such water is consumed, were determined using various accredited
laboratory methods. Organic chemical contaminants were determined with Gas Chromatography with
electron capture detection (GC-ECD) and headspace auto sampler was used on all water samples to
determine trihalomethanes (Chloroform (CHCIs), Dibromochloromethane (CHBr,CI), bromodichlor-
omethane (CHBrCI,) and bromoform (CHBrz). Water samples were prepared with the internal
standard (i.e. 1, 2 dibromoethane), isothermically heated and injected into gas chromatograph.
Analyses were performed using an electron capture detector and a computerized data analysis
program. The quality control standard was analysed after every tenth sample. The blank
chromatogram was checked to ensure that the system was free from contamination. The verification
standard was run after every 10th sample during the analysis.

3. RESULTS AND DISCUSSION

The result of parameters selected in this study to assess the impact of such parameters on quality of
the drinking water sources in the studied areas are presented in figure 1 to figure 5 and summary of
the result in Table 1. The results were similar; the similarity of the result is an indication that the
source of pollutions and contaminations were similar in all drinking water sources in the study areas.
Because of the similarity in pollutions and contaminations pattern in the sources of the drinking water,
focusing on the comparison between the water sources will be futile; instead, the general profile of
each parameter will be discussed focusing attention to any anomaly. For instance, turbidity is used to
measure the clarity of the water. The average turbidity readings of the samples were above the WHO
standard. The water samples having average turbidity values of 5.75+1.140 and ranged from 2.30 to
7.50 NTU. Presence of suspended particles and other materials are usually responsible for high
turbidity values. Similar high turbidity values were also reported in similar research [11] indicating
that the wells may be unlined hence the high values. Soil particles may have found their way into the
water sources either through runoff or from the unstable side walls thereby increasing turbidity of the
water sources. A similar observation was made by [6] and the reasons adduced for the observation
was as mentioned above. The [8] recommended a value of 5.00 NTU as the maximum above which
disinfection is inevitable. The observed average turbidity value in samples were slightly higher than
the recommended value but all the values were however lower than the ones reported in the similar
studies [13].
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Tablel. Summary of Physico—Chemical Parameters of Drinking water sources in the Study Areas

Parameter Range MeantS.D Range MeantS.D W.H.O
Temp. 27.90 — 29.00 28.40+0.35 28.90-29.00 28.49+0.35
PH 6.10 - 6.90 6.62+0.25 6.20-8.80 7.39+0.82 6.50-9.20
E.C 110.00 — 215.00 171.27+£33.23 120.00-230.00 | 180.00+36.01 500
TDS 150.00-260.00 211.47426.02 200.00-350.00 | 249.87+44.15 500
Turbidity 2.30-9.00 6.73+1.74 2.30-7.50 5.75+1.14 -
Cl- 8.90 - 15.50 12.05+2.00 7.50-10.80 9.07+1.09 0-200.00
NO, 0.40-0.81 0.59+0.14 0.20-0.51 0.32+0.09 -
NO; 1.50 — 3.50 2.72+0.52 1.10-2.90 2.15+0.60 40.00-70.00
SO, 10.50-25.90 15.72+4.14 10.50-15.80 12.85+1.76 0-250.00
PO, 0.20-0.90 0.15+0.20 0.20-0.50 0.35+0.11 0-5.00
Hardness 29.00-50.50 41.30+7.68 39.00-60.00 47.10+6.36 0-1.00

Temperature: The temperature of the drinking water samples are similar across the drinking water
sources, all the water sample having a temperature range of 28.90-29.00°C with average value of
28.49 + 0.35 °C. High water temperature enhances the growth of micro organisms and this may
increase taste, odour and corrosion problems. There is no guideline value recommended for drinking
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water temperature since its control is usually impracticable (WHO, 2008). The high temperature
signified presence of active micro organisms which resulted in the temperature increase.

Total dissolved solids (TDS) and electrical conductivity (EC) are the two main determinants used to
determine salt content. TDS constitutes all the dissolved solids in the water. It is usually comprised of
inorganic minerals (salts), small amounts of organic material and soluble minerals (Fe and Mn). The
inorganic minerals (salts) are commonly found in nature and are deposited by the weathering of the
sedimentary rocks and erosion of the earth’s surface. TDS gives an indication of whether or not all
suspended solids were contained in the drinking water sources. The TDS ranged from 200.00 —
350.00 for drinking water sources studied. High levels of TDS may also cause an objectionable taste,
odour and colour to the water. It is evident from results (Tablel and 2) that there was significant TDS
variation between drinking water sources studied. Hence the TDS concentration varied between the
drinking water sources since the drinking water came from different source. TDS values were within
drinking water standard of 1000 mg/L with average TDS values of 249.87+44.15 mg/L for drinking
water sources studied. The TDS for all drinking water sources tested was within the recommended
limits and won’t have negative effects.

pH is one of the most important operational water quality determinants. The closer pH gets to 1, the
more acidic the water becomes. According to WHO drinking water standard pH limits for drinking
water are supposed to be between > 5.0 to < 9.5 (pH units). The pH values ranged from 6.20 to 8.80
for drinking water sources. No significant variations were noticed during the period of study.
International standards for drinking water suggest that pH less than 6.5 or greater than 9.2 would
impair the portability of the water. All the drinking water sources tested were within the specified
standard between 5.0 and 9.5 with average values of 7.39 £ 0.82 for drinking water sources studied.
The weakly acidic nature of drinking water sources may be traceable to some dissolved matter in the
water. For instance, rainwater being the major source of groundwater recharge, dissolves greenhouse
gases during rainfall, it is the dissolution of these gases that is responsible for increasing rainwater
acidity [1, 9]. Also, the pH of rainwater tends to be higher than that of groundwater, and this is as a
result of differences in the chemical dynamics of the two water source types. One of the major reasons
why groundwater is likely to become more acidic is that more carbon dioxide from organic matters
present in the soil could further dissolve in percolating water during percolation, before they reach an
aquifer system.

The presence of chloride in natural waters is due to the effluents from chemical industries, wastewater
treatment plants, road salting and agricultural runoff. It is also present in water, rocks, soil and many
foods. Chloride may also contribute towards total dissolved solids in drinking water. High
concentrations of chloride in drinking water may result in a salty taste giving drinking water the same
salty taste. Chloride is an essential element for humans (WHO, 2003). All drinking water source
tested remained constant during the period of study. Average values of (12.05+2.00 mg/L for chloride
concentrations complied with WHO limit drinking water standard of < 200 mg/L. There is no
evidence that intake of chloride in large quantity in drinking water can harm humans.

Fluoride (F"), the most important source of fluoride is drinking water. High fluoride dose exposure for
extended periods produces skeletal fluorosis (brittle bones) and discoloured teeth (Ncube and Schultte,
2005). Concentrations lower than recommended levels for drinking water to provide protection may
result in dental caries, especially in children (Ncube and Schutte, 2005). However, fluoride may
contain varying concentrations of naturally occurring fluoride depending on the water source. No
particular trend was noticed over time as fluoride concentration fluctuated for all drinking water
sources investigated with the highest fluoride concentrations observed in location F. There were
variations during the period of study as fluoride concentrations fluctuated from all the drinking water
sources tested. Results showed site F to have a fluoride maximum concentration of 0.450 mg/l, for site
D and O, 0.420 mg/l and 0.330 mg/I for site E. All the drinking water sources tested complied with
the WHO and EC drinking water standard.

Although low levels of nitrates may occur naturally in water, sometimes higher levels, which are
potentially dangerous to human, are found. Sources of nitrates and nitrogen may include runoff or
seepage from fertilized agricultural lands; municipal and industrial waste water, private sewage
disposal systems, urban drainage and decaying plant debris. Infants are especially susceptible because
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their stomach juices are less acidic and therefore are conducive to the growth of nitrate-reducing
bacteria. Adults can consume large quantities of nitrates in drinking water or food with no known ill
effects; their stomachs produce strong acids that do not promote the growth of bacteria that convert
nitrate to nitrite. Therefore, drinking water that is high in nitrates should not be used for preparing
infant formula or in any other way that could result in consumption by a baby. Observations from all
drinking water sources have a similar trend of nitrate concentration fluctuation, nitrate concentration
increased shown irregularly trend during the period of study and nitrate concentration almost
remained constant throughout the study. All drinking water sources tested complied with WHO limit
of 15 mg/L with average concentrations of 2.720+0.520mg/L.

Total Hardness: The values for the drinking water samples are not consistent. Water samples have a
total hardness ranged from 29.00-50.50 mg/L. All the water samples are within the WHO (2008) 100-
300 mg/L guideline limit for drinking water. According to WHO ecological and analytical
epidemiological studies, there is a significant inverse relationship between hardness and drinking
water. However the degree of hardness in the water may affect its acceptability to the consumer in
terms of scale deposition (WHO, 2004). All the drinking water sources tested has shown insignificant
increase in the parameters studied and their concentrations were within the required drinking water
standard.

Sulphate occurs naturally in numerous minerals and is used commercially, principally in the chemical
industry. They are discharged into water in industrial wastes and through atmospheric deposition;
however, the highest levels usually occur in drinking water source are from natural sources. In
general, the average daily intake of sulphate from drinking-water, air and food is approximately 500
mg, food being the major source. No health-based guideline is proposed for sulphate. However,
because of the gastrointestinal effects resulting from ingestion of drinking-water containing high
sulphate levels (WHO,2004). The results from this research in Table 1 and 2 showed insignificant
increase in sulphate concentrations during the period of study for drinking water source. All results
attained were compliant with WHO drinking water standard of 250 mg/L with average values of
15.725+4.135 mg/L.

Phosphate levels in all the water samples were in the range of 0.20-0.90 mg/L, with an average of
0.15+0.20 mg/L. The WHO guideline value for phosphate in drinking water is 5 mg/L. Thus, all the
samples studied were within the limit. The water can be said to be of good quality in terms of
phosphate content. The low level of phosphate may be due to low phosphate containing rocks system
or absence of such rock system around the study areas [28]. It could also be due to minimal use of
phosphate containing fertilizers around these areas.

Organic determinants results: Trihalomethanes consist mainly of Chloroform, Bromodichloro-
methane, Dibromochloromethane and bromoform and they are a family of chemicals created when
chlorine is used to disinfect the water (chlorine reacts with organic matter in the water to form THMs
and other by-products). The amount of each THM formed depends on the temperature, pH, chlorine
and bromide ion concentrations. Studies conducted revealed that people and animals exposed to
THMSs in their drinking water have the risk of suffering from the colon, kidney or liver cancer and a
higher potential to suffer from reproductive disorders such as spontaneous abortion and birth defects
[5]. There was no variation during the period of study from all drinking water source tested. This is
typical as most drinking water derived from similar sources (e.g. underground, springs) have
insufficient traces of chlorine or no chlorine at all in order to react with organic material in the water.
Chloroform is commonly found in drinking water (sourced from the tap); it is of public health concern
because consumption in excessive amounts can be carcinogenic, shows that chloroform was below the
WHO limit of <0.200mg/l. There was no variation during the period of study from any drinking water
sources tested (i.e. well, borehole, stream/river and rain water storage). Drinking water sources were
within the WHO guideline value of 0.200mg/l. Bromodichloromethane was below the WHO limit of
<0.100mg/l (Figure 42). Dibromochloromethane and bromoform indicated no significant variation
during the period of study as they were within guideline value of 0.1mg/l. Gas Chromatograph-ECD
used to test for various trihalomethanes, have different detection limits for various trihalomethanes
tested.
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4., CONCLUSION

The analysis of some anions and organic contents of the drinking water sources was carried out in
some rural areas of Abuja “FTC”. Apart from the average turbidity readings of the samples which
were above the WHO standard. The result of the analysis revealed that all the other parameters
determined in the drinking water sources from the study areas are within acceptable limit. Although
all the parameters study were present in the drinking water sources analyzed but the present
concentrations may not pose any serious health hazard because all parameters examined in the
drinking water sources have values that are below or within the maximum permissible limit of WHO,
FAO and EC Standards, hence the present result may not pose any serious health hazard, but attention
should be given to turbidity. In order to protect public health, all the drinking water sources need to be
monitored and protected this is to ensure that the anions and organic particles are not present in excess
concentration.
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