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ABSTRACT 
The levels of nitrate, phosphate, sulphate, chloride, Dissolved Oxygen, (DO) Biochemical 
Oxygen Demand (BOD) and some physical parameters of the water resources in a typical rural 
community in Nigeria were assessed in this report. The study was aimed at finding out the 
impact of agricultural activities on the various water bodies-streams, hand dug shallow wells and 
lakes/ponds in a setting with 97% of populace engaged in agriculture. Standard methods were 
used in the determinations. Results of the study showed that 61.5% of the water bodies studied 
had nitrate overload. Sulphates were within the recommended limit while the level of phosphates 
was also higher than the set limit. Chloride, TDS and pH were all within the recommended level. 
Organic matter load in the waters were significant as shown by decreased values of DO. 
Although epidemiology records of effects of excess nitrate consumption in the studied area were 
nonexistent due to some factors, it is not unlikely that health risks associated with excess nitrates 
in food and water are wide spread.  

Key Words :  Uzouwani, Nitrate overload, Spectrophotometry, Anions, Rural community, 
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INTRODUCTION 

Rural areas in Nigeria are characterized by 
lack of infrastructures, potable water, good 
medical care, good educational facilities and a 
host of other life enhancing attributes. Such 
areas have prevailing. Subsistence agricultural 
system, low standard of living and many 
traditional industries. Water sources in most of 
those rural areas are mainly streams, shallow 
hand dug wells, ponds, lakes and in rare cases, 
bore holes.   
Inappropriate use of agrochemicals, poor waste 
management and non- point sources generally 
contribute to pollution of these rural water 
sources. It has been reported that rural water 
sources in developing countries are under 
threat from life style pollution manifested by 
the low levels of hygiene practiced by the rural 
dwellers.1,2Nitrate pollution problem in water 
resources appear to be more devastating in 
rural communities because agricultural activity  
is the single largest anthropogenic contributor 
to nitrogen and nitrates contamination of water  

supplies.3,4 Consequently, agricultural areas 
have the highest incidences of nitrate 
contaminated water. Added to agro chemicals 
is the fact that animal manure is the second 
largest source of nitrate in the environment and 
when animals are confined to high density 
feedlots, the nitrogen produced may be an 
important localized source of water 
pollution.5,6 Undiluted animal manure (slurry) 
has been reported to be about 100 times more 
concentrated than domestic sewage and silage 
liquor (from fermented wet grass) has a low 
pH and high Biochemical Oxygen Demand 
(BOD) which can corrode storage equipment.7 
Non-agricultural sources of nitrates in rural 
settlements include pit toilets, open space 
defecation buried and decayed living 
organisms and traditional industrial effluents. 
Others include deposition from the atmosphere 
through Nitrogen Oxides (NOx) emissions. 
Health effects or risks of nitrates in drinking  
water and food have been studied and abound 
in literature. Most cited of these risks is the 
condition called, methemoglobinemia, also *Author for correspondence 
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known as blue, baby syndrome.8New born 
organisms are very sensitive to 
methemoglobinemy because of their amateur 
methemoglobin reductase system. Nitrates in 
food and drinks has been also implicated in 
gastric and esophageal cancer because of the 
reaction of nitrate with amine in food or water 
to form carcinogenic nitraosoamines8-10 and in 
diabetes.11 

AIMS  AND  OBJECTIVES 
The objective of the current research were to 
assess the nitrate load of the water sources 
available to rural communities of Uzouwani in 
Enugu state, Nigeria whose inhabitants are 
97% farmers of crops or animal husbandry. 
Assess the levels of other associated anions 
and physical parameters of pollution were 
determined.  
Bring to the fore the risks of water pollution in 
the study area and possibly awaken the 
government to their responsibility of providing 
these forgotten areas, potable water and good 
medical facilities. 

MATERIAL  AND  METHODS 
Study area 
Uzo-Uwani is a local government in South 
East Nigeria with a population of 127,150 as at 
200613. The current projected population is 
240,000. The study area, covering an area of 
855 km2 belongs to the Forest-Savana Mosaic 
zone of Nigeria and lies between longitude 
6o30 and 7o00 East and between 6o551 and 7o 

151 North. The area is transverse by many 
rivers and streams which belong to the 
Anambra river system.14,15 The area has been 
described to be 100% rural area and one of the 
least developed in the region. Agriculture has 
been the main stay of the economy of this area 
and is being projected currently as having the 
potentials to feed the whole South East. 
Nigeria when the agriculture is mechanized 
and well managed.13-14Uzouwani consists of 
17 communities divided into 4 health districts 
viz : Umulokpa, Nkpologu, Ogboli and 
Nimbo.16  
Equipment and chemicals 
All chemicals are of analytical grade and are 
provided by Aldrich Chem. Company, England 
without further purification. The 

spectrophotometer used was Hach Model 
01750 while pH was determined with pH Kent 
meter Model 7020. Others were regular 
analytical chemistry laboratory glass wares and 
materials, thoroughly washed with detergents 
and rinsed severally with deionized water and 
dried in dust free environment.  
Sampling and sample collection 
Five agricultural cluster zones were identified 
and delineated for the purpose of sample 
collection. Water samples were collected from 
three streams, twenty shallow Hand Dug Wells 
(HDW) and ten ponds/lakes nearest to human 
settlements and most susceptible to 
anthropogenic influences. Four HDW and 
ponds/lakes were selected in each zone. These 
water bodies especially streams and lakes have 
been their major sites for waste disposals and 
water sources for dry season farming and 
household/domestic use. 
In each river, six sampling stations were 
created to capture the sources of point and 
non-point pollution and not in any way 
equidistant. The aim was to assess pollution 
load at each human settlement and not to 
measure river recovery. In all, there were 48 
sampling points and at each time/batch, 48 
water samples were collected and analyzed. 
The analysis was carried out 4 times, over a 
period of 4 months between August and 
November giving a total of 192 
determinations. Water samples used for the 
determinations of physical parameters, nitrate, 
sulphate and chloride were collected in white 
2L plastic water cans at a depth below the 
water surface, filled to the brim and cocked 
under water while those samples for Dissolved 
Oxygen (DO), BOD and phosphate 
determinations were collected underwater in 
BOD bottles filled to the brim and cocked. DO 
measurements were taken immediately after 
collection using an oxygen probe digital meter 
supplied by Hach Chemical Company. 
Samples for laboratory DO determinations 
were fixed on the site by adding 2ml each of 
manganese sulphate and alkaline iodide –azide 
solution and transported in an ice-bath to the 
laboratory where they were refrigerated and 
analyzed within 24 h of collection. 
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Methods of analysis 
The water quality indices were analyzed 
according to standard methods.17,18 The 
concentrations of No3

-, S04
2-, P04

3- were 
determined spectrophotometrically using their 
respective powdered pillows at their respective 
absorbing maximum wavelength (λ max). 
Chloride was determined titrimetrially using 
silver nitrate solution while pH was assayed 
with pH meter. DO was determined at site 
using oxygen probe meter and re-determined 
in the laboratory by azide-modification 
method. The 5–day Biochemical Oxygen 
Demand (BODS) measurements were made by 
determination of available DO in the water 
samples after 5-day incubation at 20±1oC 
without dilution. 
Total Dissolved Solid (TDS) and Total 
Suspended Solids (TSS) were also determined 
gravimetrically.  

RESULTS AND DISCUSSION 
The results of the analysis are presented in 
Tables 1 to Table 3 below. 
The level of NO3

- in the studied area ranged 
from 54.3 – 85.3 mg/l in rivers; 35.3 – 96.4 
mg/l in hand dug wells and 22.1 – 62.3 mg/l in 
natural ponds/lakes. The highest value of 96.4 
mg/l was recorded in hand dug well in Adani 
area. The nitrate level in all the rivers were 
well above the maximum allowable by 
regulating agency of 50 mg/l.17-21 The mean 
values of nitrate concentrations in hand dug 
wells in Adani, Opanda and Ukpabi clusters 
were above this maximum allowable while 
ponds/lakes in Adani and Ukpabi – Nimbo 
contain nitrate level above the maximum. In all 
the sites studied, 61.5% were polluted with 
nitrate, having nitrate level above 50ppm. 
Nitrates in waters originate from either natural 
or manmade sources such as fixation of 
atmospheric nitrogen by certain micro-
organisms, plant debris, animal excrements, 
nitrogenous fertilizers and effluents from 
industries. However, agricultural activities 
remain the single most important sources of 

nitrates in the environment. The high levels 
nitrates in the studied area can be explained by 
the fact that agricultural activities constitute 
more than 97% of the occupation of the 
inhabitants.14 Both subsistence and commercial 
agriculture are common place. Such high 
nitrate pollution have been found in 
predominantly agricultural area all over the 
world.22-26 
The presence of nitrate in water is worrisome 
and dangerous as it is implicated in many 
medical conditions such as 
methemoglobinemia,7 cancer,10 disruption of 
thyroid24,27 and  birth defects.25,28  
Human epidemiology records on effects of 
nitrate in the communities studied were 
practically non-existent due to (i) non 
availability of quality health care facility (ii) 
preponderance of superstitions beliefs even 
preventing some ailment being referred to 
hospitals and (iii) widespread poverty, all 
characteristic of typical rural setting in Nigeria. 
However, considering the high levels of nitrate 
in most of the water resources in the 
communities, it is not unlikely that the health 
problems associated with nitrate overload are 
widespread in the area. High child mortality 
and other diseases in the area may be 
associated with pollution load of the water 
resources.14 The level of sulphate in the water 
samples are of the ranges 85. 4 – 150mg/l in 
rivers, 40.3 – 105.4mg/l in hand dug wells and 
18.6 – 145.3mg/l in lakes or ponds. The 
concentrations were within the maximum 
allowable limit for the anions in water. At 
present, the concentrations of S04

2- is not a 
source of worry in the communities but strict 
monitoring should be put in force followed by 
environmental education. Activities such as 
laundry ought not to be in the surface waters.  
Phosphate level in the water samples rangers 
were 8.0-12.0 mg/l in rivers, 2.8 - 7.2 mg/l in 
hand dug wells and 2.8 - 7.6 mg/l in ponds. 
There values though above the WHO set 
standard are below PA set limits29.Once again, 
there values are consistent with values of 
phosphates got from water analysis in 
agricultural zones (20 : 23). 
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Table 1 : Concentration levels of parameters in rivers 
Rivers/ 
Parameter 

NO3
- 

mg/l 
SO4

2- 
mg/l 

PO4
3- 

mg/l 
Cl- 
mg/l 

DO 
mg/l 

BOD 
mg/l 

TDS 
mg/l 

TSS 
mg/l 

pH 

Ezu river 85.3±0.1 150.1±0.1 2.0±.0 65.3±0.3 5.2±0.3 3.0±0.4 3.00±0.04 15.3±0.8 6.3 

Obina river 61.8±0.5 110.2±0.2 9.8±1.3 80.0±0.7 6.3±0.7 5.0±0.2 400.0±2.5 21.4±0.6 6.7 

Iyiakoro 
river 

54.3±0.1 85.4±0.0 8.0±1.0 60.3±0.3 7.0±1.0 2.5±0.2 250.0±0.3 11.4±0.6 6.9 

WHO 
Standard 
max-value 

50 400 1.0 - - 0 1000 - 6.5-9.2 

FEPA 50 500 >50 500 7.5 0 500 >10 6.5-8.5 

Table 2 : Concentration levels of parameters in hand dug wells (mean ±sd) 

Well dug NO3
- 

mg/l 

SO4
2- 

mg/l 

PO4
3- 

mg/l 

Cl- 

mg/l 

DO 

mg/l 

BOD 

mg/l 

TDS 

mg/l 

TSS 

mg/l 

pH 

Adani 
cluster  

96.4±0.2 89.2±0.1 4.4±0.0 10.3±0.2 3.5±0.0 3.5±0.0 350±0.1 7.8±0.1 7.2±0.2 

Opanda 66.3±0.3 40.3±0.1 28.9±0.4 24.5±1.0 5.2±1.2 6.9±0.1 410±0.2 6.7±1.0 6.9±0.3 

Ukpabi 
nimbo 

54.0±0.1 105.4±0.3 58.4±0.1 35.3±0.6 5.8±0.3 2.8±1.0 390±1.2 10.5±0.6 7.1±0.3 

Nkpologou  42.0±0.3 85.3±0.1 72.5±0.3 75.4±1.2 6.2±0.1 3.2±0.1 489±2.4 11.6±0.0 6.6±0.3 

Akiyi  35.3±0.0 65.8±0.2 60.4±50.2 18.4±0.3 6.8±0.2 3.8±0.1 310±0.3 8.7±0.3 6.9±0.5 

Table 3 : Concentration levels of parameters in natural ponds/lakes 
Pond/parameter 

location 
No3

- 
mg/l 

SO4
2- 

mg/l 
PO4

3- 
mg/l 

Cl- 
mg/l 

DO 
mg/l 

BOD 
mg/l 

TDS 
Mg/l 

TSS 
Mg/l 

pH 

Adani  62.3±0.1 145.3±0.2 76.4±0.3 24.8±0.1 4.2±0.0 3.8±0.2 350.0±0.1 8.8±0.
2 

6.8±0.0 

Opanda 45.8±0.0 86.3±0.6 45.4±0.3 14.3±0.3 5.2±0.2 2.9±0.1 325±0.2 10.2±1
.0 

6.3±0.2 

Ukpabi nimbo 51.2±0.1 24.3±0.1 40.8±0.3 10.8±0.4 4.8±0.1 2.4±0.1 283.4±1.2 7.8±0.
2 

6.9±0.1 

Umulokpa 22.1±0.4 18.6±0.3 2.8±0.3 N.D 5.6±0.3 2.2±0.5 196±0.3 11.4±0
.3 

7.4±0.3 

Nkpologou 45.3±0.2 65.9±0.3 7.2±0.4 6.5±0.3 5.4±0.4 2.4±0.2 245±0.4 6.5±0.
4 

6.9±0.3 
 
High concentrations of phosphates in drinking 
water is an evidence of organic pollution and is 
dangerous to animals and humans as it is 
known to lead to an increase of plasma 
phosphorus and decrease in serum calcium. 
This result in stimulation of secretion of 
parathyroid hormone leading to increased rate 
of bone resorption.30 Animal studies point to 
the fact that ingestion of high level of 
phosphorus salt during organogenesis is 
teratogenic.31-32   

The level of chloride found in all the water 
samples was well below the set limits and pose 
no danger to health. According to Krul and 
Liefrinck, water containing chloride is 
classified as fresh if the chloride content does 
not exceed 100ppm or brackish if it is between 
100-1000ppm and salt if the chlorine content is 
over 1000ppm.33 
The Dissolved Oxygen (DO) levels in the 
water samples have the ranges 5.2 – 7.0mg/l in 
river samples, 4.2 – 6.8mg/l in hand dug wells  
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and 4.2 to 5.6mg/l in ponds/lakes. The DO 
concentration is one of the most crucial indices 
of water purity. The DO is affected by a 
number of factors among which are 
temperature, bacterial activity, dilution and re-
aeration. One of the indications of the presence 
of organic matter in water body is the drop in 
DO level below the source of the pollution. 
The DO concentration in all the water samples 
were below the recommended value of 
7.5mg/l.17-19 The agricultural and household 
wastes which are predominantly organic in 
nature in rural setting are the major culprits in 
low DO levels in the studied area where 
surface waters are dumpsites for such wastes. 
The amount of organic pollution of waters 
assessed by the BOD5 of the water samples 
indicated a range of 2.5 – 5.0mg/l for rivers; 
2.8 – 6.8mg/l for hand dug wells and 2.2 – 
4.8mg/l for ponds/lakes. Although the true 
picture of BOD values of water samples are 
distorted by the presence of some toxic metals 
such as Cu, Pb and Hg the detection of BOD 
value no matter how small is objectionable as 
it reduces the DO content of the water thereby 
hindering the aquatic ecosystem that draw 
oxygen resources from the water body.34 
Following the classification by Royal 
Commission of water bodies according to 
BOD values, Obinna river and Opanda well 
have doubtful purity (DOD>5.0mg/l) while the 
rest are fairly clear (BOD5 <5mg/l).35 
The Total Dissolved Solids (TDS) content of 
the water samples were all below the set limit 
by the regulating bodies. These dissolved 
solids are mainly inorganic and organic salts. 
Suspended solids (TSS) in the present study 
varied in the ranger of 11.4 – 21.4 in rivers 
samples 6.7 – 11.8mg/l in hand dug wells 
waters and 6.5 – 11.4 mg/l in ponds/lakes. 
These values for river water samples were 
higher than set limit (>10mg/l) and only 2 each 
well clusters and ponds hand TSS greater than 
set values. These suspended solids find their 
way to water bodies through runoff waters, 
carrying improperly managed agricultural 
wastes, silt and vegetation.  

There suspended matters may settle onto the  
plants and animals living at the bottom of the 
water bodies and cause mortalities. Aquatic 
plants may suffer from abrasion and 
mechanical damage by settling particles and 
large invertebrates are affected by clogging by 
their gills and other respiratory surfaces and 
other parts of animals.32 When such solid 
deposit on the eggs of the organisms, the water 
and oxygen flow to the eggs may be 
hindered.31  
The pH value of the samples varied between 
6.3 to 6.9 for river water samples; 6.6 to 7.2 
for hand dug well waters and 6.3 to 7.4 for 
pond/lake water samples. A total of 76.9% of 
the samples analyzed had pH values indicating 
acidic conditions. This may be due to the anion 
content of the water samples. However, except 
for two locations (Ezu river and Opanda lake), 
all others are within the set limit by WHO (6.5 
– 9.2) and FEPA (6.5 – 8.5). Considering the 
standard deviations of the pH values for each 
water body, the pH is stable which the 
necessary condition for aquatic life to flourish 
is. Biological conditions are safer when the pH 
of water is quite constant there in water 
undergoing considerable variations.36  

CONCLUSION 
All the water bodies studied are impacted upon 
by agricultural practices of the communities. 
The negative impact could be seen in the 
higher than normal values or concentrations of 
the pollution indices studied. 
The high value of nitrates is a matter of 
concern in view of health risks associated with 
nitrates in domestic water and food. In a 
community described as being 100% rural 
content, drawing almost all their water needs 
from the studied water bodies13. There is high 
health risk especially for infants and pregnant 
mothers. Agricultural practice which reduces 
the use of nitrogenous fertilizers without 
necessarily reducing crop yields should be 
aggressively pursued in these areas. It is 
recommended that donor agencies, the 
governments at all levels shall as a matter of 
urgency provide portable water, health 
facilities for these inhabitants and further more 
monitor their water ecosystem to prevent 
diseases. 
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