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ABSTRACT
Surface water enrichment is an ecological problem in Nigeria as well as the entire universe. The
study was aimed at assessing the nutrients (NO3

-,NO2
-,NH3, PO4

3-) and Sulphates (SO4
2-,SO3

2- )
in Itu, Ibeno and Ibaka Rivers of Akwa ibom state, Nigeria. Standard laboratory procedures were
adopted for determination of phosphate (PO3-

4), colorimetric method for nitrite content, cadmium
reduction procedure for nitrate content, phenate spectrophotometric for nitrogen and ammonia
determination, UV-visible-spectrophotometer for hydrogen sulphite determination and
turbidimeter for determination of other anions. From the results, Itu river recorded the highest
concentration of Nitrate (32.09mg/l), Ibaka river had the highest concentration of Ammonia
(2.42mg/l), Ibaka river had the highest concentration of Total Nitrogen (28.26mg/l) and Ibeno
river recorded the highest concentration of Sulphate (244.75mg/l). The Ibaka river had the
highest concentration of Phosphate (21.20mg/l), Itu river had the highest concentration of
Hydrogen sulphite (106.80mg/l). Parameters analysed recorded increase in percentage
concentration in the following order: Ammonia with 0.3%, Nitrite with 2.3%, Phosphate with
2.7%, then Total Nitrogen with percentage concentration of 4.6%, Nitrate with 7.2%, Hydrogen
sulphite with 30.8% and Sulphate with 52.2% in the three rivers samples. The result recorded a
significant relationship between Ammonia and Phosphate at 5% level of significance.The high
level of sulphate, Hydrogen sulphite, nitrate and nitrogen concentrations in the rivers could be
due to anthropogenic activities  in which the waste water finds its way into these water bodies.
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Introduction
Nutrients, such as nitrogen and phosphorus,
are essential for plant and animal growth
and nourishment, but the overabundance of
certain nutrients in water can cause a
number of adverse health and ecological
effects (USGS 2020)In Nigeria and other
developing countries, several industries in

urban areas have the unsanitary habits of
disposing solids wastes at the dumps without
adequate treatment. As a result, toxic and
deleterious substances from these dumps are
transported to inland water bodies (Adakole
and Balogun, 2006). When the physical and
chemical conditions of the ecosystem are
changed from their normal ranges, similar
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changes are expected to occur in individual
organisms, populations and the communities
of the ecosystem (Adakole, 2000).  Lioyd
(1992) noted that concentrations of water
nutrients vary from one water body to
another due to different levels of agricultural
and industrial activities close to these water
bodies. The quality of natural water bodies
may be affected by these pollutants resulting
from socio-economic activities (Manson,
1992).
Water contaminations have kept on creating
upsetting ramifications for wellbeing and
economic development in Nigeria (Esrey et
al., 1991). Nutrient Pollution is a major
widespread ecological problem in Nigeria as
well as the entire universe. Numerous point
and nonpoint pollution sources, involving
waste disposal, atmospheric nitrogen oxides,
chemical fertilizers used in agriculture and
fossil fuel uses, contain Nutrients. However,
overgrowth of some organisms,
consequence to the increment of nutrients, is
destructive to water. This is called
“Eutrophication” (Adedeji and Ako 2008,
and Jeantheau, 2009).

Nitrate (NO3) is the major form of nitrogen
found in natural waters and is one of the
common pollutants in surface water
(Jagessar et al., 2011). Other forms of
nitrogen present in natural waters include
molecular nitrogen (N2) in solution;
ammonia as NH3; ammonium and ammonia
hydroxides (NH4 and NH4OH) (Jagessar et
al., 2011). (Davies et al., 2008) reported that

surface waters rarely contain as much as 5
mg/L and often less than 1 mg/L of nitrate.
Unpolluted natural waters contain only
small amounts of nitrate. In surface water,
nitrate is a nutrient which is taken up by
plants and assimilated into nucleic acid.
Nitrate anion has both beneficial and
harmful uses. On the positive side, Nitrates
(NO3) are essential plant nutrients that are
important ultimately for protein synthesis.
They are responsible for the growth of
plants and also nitrogen fixation. Nitrates
are generally found in nature, they are the
end products of the aerobic decomposition
of organic nitrogenous matter as well as the
decomposition of organic micro-organisms.
Common sources of excess nitrate reaching
lakes, rivers and streams include septic
systems, animal feedlots, agricultural
fertilizers, manure, industrial waste waters,
sanitary landfills, and garbage dumps

Phosphorus occurs naturally in rocks and
other mineral deposits. During the natural
process of weathering, the rocks gradually
release the phosphorus as phosphate ions
which are soluble in water and the
mineralize phosphate compounds
breakdown ( Brian 2020).Phosphates exist in
three forms: orthophosphate, metaphosphate
(or polyphosphate) and organically bound
phosphate each compound contains
phosphorus in a different chemical
arrangement. These forms of phosphate
occur in living and decaying plant and
animal remains, as free ions or weakly
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chemically bonded in aqueous systems,
chemically bonded to sediments and soils, or
as mineralized compounds in soil, rocks, and
sediments (Brian 2020)

`Sulphate is present in the environment as
part of the sulphur cycle (Padilla, 2005).
Sulphates is widely distributed in nature and
may be present in natural water in
substantial concentration. Sulphates occur
naturally in numerous minerals, including
barite, epsomite and gypsum (APHA, 2003).
The breakdown of vegetation in swamps and
tidal flats releases hydrogen sulphide (H2S)
gas into the environment. Hydrogen
sulphide converts to sulphate in aqueous
environments. A large part of the sulphate in
water combines with iron and manganese to
form black ooze and wad which is
responsible for the black colour of most
marine sediments. The other major natural
contributor to the sulphur budget in the
environment is volcanoes. The fumarolic
activity of volcanoes introduces SOx (SO2,
SO3) and hydrogen sulphide gases to the
atmosphere. These gases eventually convert
to sulphate ions in water and precipitate as
alkali sulphate salts. On geological
timescales, the precipitated sulphate salts
may form evaporite deposits.According to
World Health Organization 2004, typical
Sulphate levels in fresh spring water are in
the vicinity of 20 mg/L and range from 0 to
630 mg/L in rivers. High doses of sulphate,
particularly magnesium sulphates, cause
catharsis or purging of the bowels. Marine

algae produce and accumulate high
concentrations of sulphur compounds more
than most terrestrial plants because they live
in habitats that are characterised by limited
nitrogen and abundant sulphur supply (such
as underground volcanoes) (WHO,
2004).The study is aimed at assessing the
nutrients (NO3

-,NO2
-,NH4

+, PO4
3-) and

Sulphates (SO4
2-,SO3

2- ) enrichment in Itu,
Ibeno and Ibaka Rivers of Akwa ibom state,
Nigeria, to establish the relationship
between ion that serve as nutrients and non
nutrient components (sulphates) both of
which that can impact on the distribution of
flora and fauna in the aquatic ecosystem.

MATERIALS AND METHODS

Study area

Itu River

Itu river is located in Akwa Ibom State,
Nigeria. It lies between latitude 5 0 10′N and
longitude 8 0 3′E. The area is bounded in the
north by Cross River State, west by Ibiono
Ibom Local Government Area, east by
Uruan Local Government Area, and south
by Uyo Local Government Area. The river
rises from the Cameroon mountains and
flows south-westwards into the Atlantic
Ocean. The lower Cross River lies within a
typical tropical humid climate, which is
characterized by distinct dry and wet
seasons, with peak dry season occurring in
December –February (Ekpo, 2013). The dry



Confluence Journal of Environmental Studies Vol 13 (Issue 2), 2020
www.confluencejournal.com.ng
ISSN : 15975827

Obasi k. O. Et al (2020): Assessment of some nutrients (no3-,n02-,nh3, po43-) and sulphates (so42-,so32- ) in itu, ibeno and ibaka rivers
of akwa ibom state, nigeria

season which lasts from November - March
is influenced by the hot north-eastern
continental air mass from the Sahara Desert
and is characterized by fairly high
temperature. Relative humidity is usually
high throughout the year. Maximum rainfall
occurs during the months of June –
September (Ekpo, 2013).

Ibeno River
Ibeno is located in the south east of Nigeria
and is a local government area of Akwa
Ibom State. Ibeno  lies on the eastern side of
Qua Iboe River about 3 km from the river
mouth between latitude 4 560N and 7.970E
and longitude 7.400N and 8.00E and is one
of the largest fishing settlements on the
Nigerian coast. The estuarine area of Ibeno,
the low lying terrain may be submerged
occasionally during the months of June to
October. The climate is typically tropical,
hot and humid, with a long wet season
lasting from March to October and a shorter
dry season that lasts from November to
February. The major land use types in the
Ibeno include Fishing, Oil exploitation,
Forestry and Agriculture in the Coastal
areas.

Ibaka River

Ibaka river lies from latitude 4038’ 0” N to
40 42’0” N and longitude 80 18’ 0” E to 80
19’ 0” E coordinates within Mbo Local
Government Area, of Akwa Ibom State. It
borders vertically the eastern flank of Cross
River and occupies a considerable length of

littoral portion of the Atlantic Ocean far
beyond the low water mark. The area is
characterized by dry season (November –
April) and wet season (May –October).
Along the coast, the rainfall is heavier above
3000mm than along the fringe that records
2000mm. The area experiences an average
temperature which varies between 26oc and
28oc with a maximum temperature of 30.3oc
and a minimum of about 4.1oc. The relative
humidity varies between 75% and 85%
while salinity fluctuates significantly. Ibaka
river has a natural depth of (11-16m), water
current velocity (6.2-9.5cmsec-1) and water
transparency (30.30-52.81cm) as reported by
Umar (2012). The Ibaka river also has a
long stretch that opens into the gulf of
Guinea and the water is brackish and highly
saline.

Sample Collection

Triplicate water samples were collected for a
period of six months from the study areas
with the aid of  clean laboratory sample
bottles. The sample bottles were properly
rinsed with the water sample before the
sample collection. After sample collection,
the sample bottles were properly recapped
and taken to the laboratory for further
analysis.

Statistical Analysis

The data collected from this study was
subjected to Analysis of Variance
(ANOVA), using Statistical Package for
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Social Sciences (SPSS). The mean values
were calculated and compared using One-
way Anova to determine the levels of
significance of the considered parameters.

Analysis of Water Samples for nutrients

Determination of Phosphate (PO3-
4),

method: Amino Acid

⮚ The photometer was put ON, and the
method (phosphate) was selected at a
wavelength of 525nm.

⮚ The sample was poured into 2
separate cuvette(s) to the 10ml mark.

⮚ One of the samples (blank) was used
to zero the photometer.

⮚ 10 drops of molybdate reagent and
one packet of HI93717B-0, was
added to the second cuvette.

⮚ The lip of the cuvette was closed and
shaken vigorously to dissolve the
reagent.

⮚ The first sample (blank) was
replaced with the reacted sample cell
in the light shield and timed for 5
minutes.

⮚ The READ button was pressed at
the end of the countdown time to
display the result in mg/l PO4

3-

Determination of Nitrite, (Colorimetric
Method, APHA, 1998)

• pH of 25ml sample was adjusted to
between 5.0 and 9.0

• 75ml of NH4Cl- EDTA solution was
added and mixed well.

• 2 ml of colour reagent was added to
it.

• The colour was read immediately at
543nm using UV-Visible
spectrophotometer model spectrum
lab 755s indicating O.D.

• Standard graph was plotted to obtain
the factor.

• Distilled water was used as Reagent
blank to set the instrument.

Determination of Nitrate

(Cadmium Reduction Method, APHA,
1998)

• pH of 25ml sample was adjusted to
between 5.0 and 9.0

• 75ml of NH4Cl- EDTA solution was
added and mixed well.

• Nitrite was used to reduce Nitrate in
the presence of Cadmium (Cd). This
method uses commercially available
cadmium granules coated with 2%
copper sulphate (CuSO4) packed in a
glass column.

• The Nitrate (NO3
-) produced was

determined by diazotizing it with 2.0
ml colour reagent containing
sulphanilamide coupled with N-(1-
naphthyl)-
ethylenediaminediphydrochloride
(NEDO) to form highly colouredazo
dye.

• The colour developed is measured
colorimetrically at 410nm.



Confluence Journal of Environmental Studies Vol 13 (Issue 2), 2020
www.confluencejournal.com.ng
ISSN : 15975827

Obasi k. O. Et al (2020): Assessment of some nutrients (no3-,n02-,nh3, po43-) and sulphates (so42-,so32- ) in itu, ibeno and ibaka rivers
of akwa ibom state, nigeria

• A correction was made for any NO3

present in the sample by analysing
the sample without the reduction of
step.

Determination of Nitrogen and Ammonia

Method: Phenate Spectrophotometric
(Hydrology Project Technical Assistance,
1999)

a. 25 mL sample was collected in a 50
mL conical flask, the following
reagents were added and mixed: 1
mL phenol solution, 1 mL sodium
nitroprusside solution, and 2.5 mL
oxidising solution. Light exposure
was avoided by suitably covering the
flasks at room temperature.

b. A blank was prepared and 2 other
ammonia standards in the range,
treated in the same way as sample
absorbance was measured after 1h at
640nm.

Calculation

Calibration curve was prepared by plotting
absorbance readings against ammonia
concentration of standards, sample
concentration was computed from the
standard curve.

Determination of other anions:

Sulphate (SO2-
4), method: Turbidimetric

Procedure:

⮚ The photometer was put on and the
wavelength selected at 466nm.

⮚ 10ml of sample was poured into 2
separate cuvettes.

⮚ One of the samples (blank) was used
to zero the photometer.

⮚ One packet of barium chloride
reagent was added to the second
sample cuvette

⮚ The first cuvette was then replaced
with the second reacted sample cell
cuvette and timed for 5 minute.

⮚ The READ button was pressed at the
end of the countdown time to display
the reading in mg/l SO2-

4

Determination of Hydrogen Sulphite

Method: UV-visible-spectrophotometer
(Shimadzu)

Construction of the calibration graph.

A series of labeled 10mL volumetric flasks
were arranged. 1.5mL of 0.0002M Mn(III)
solution was added to each flask. A known
but various volumes, 0.1- 0.7 mL of
standard sodium sulphide (20µg mL-1 )
solutions were added to each flask and the
solutions were kept aside for about 5 min to
ensure the completion of reaction. Then, 1.0
mL of standard o-tolidine (0.0001M)
solution was added to each flask and the
solution in each one of them was diluted to
the mark with water. The solutions were
mixed well and kept aside for about 10min.
The absorbance of each solution was
measured at 455 nm against water.
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RESULTS

LEVELS OF CONCENTRATION OF NUTRIENTS AT IBENO, IBAKA(ORON) AND
ITU RIVER WATER, AKWA IBOM STATE

The graphical presentation of the level of concentration of nutrients and sulphates in water
bodies at Ibeno, Ibaka and Itu rivers of Akwa Ibom state is shown in figure 1.

Figure 1: A line graph of the concentration of nutrients in sampled rivers of Akwa Ibom
State

Figure 1 shows that Itu river recorded the
highest concentration of Nitrate (32.09mg/l)
in the sampled water bodies, followed by
Ibeno river with (16.05mg/l) concentration
of Nitrate (NO3), while the least
concentration of Nitrate (12.13mg/l) in the
sampled water bodies was recorded from
Ibaka river.Equally,  Figure 1 shows that
Ibaka river has the highest concentration of
Nitrite (16.13mg/l) in the sampled water
bodies, followed by Itu river with (2.63mg/l)

concentration of Nitrite (NO2-N) whereas
the least concentration of Nitrite (0.375mg/l)
in the sampled water bodies  was recorded at
Ibeno river. More so,   Figure 1 further
shows that Ibaka river has the highest
concentration of Ammonia (2.42mg/l),
followed by Itu river with (0.10mg/l)
concentration of Ammonia (NH3) whereas
the least concentration of Ammonia
(0.02mg/l) was recorded in Ibeno river.
Furthermore, Figure 1 further shows that
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Ibaka river has the highest concentration of
Total Nitrogen (28.26mg/l), followed by Itu
river with (9.88mg/l) concentration of Total
Nitrogen (N) whereas the least concentration
of Total Nitrogen (0.39mg/l) was recorded
in Ibeno river. Much more, Figure 1 also
shows that Ibeno river has the highest
concentration of Sulphate (244.75mg/l) in
the samples, followed by Ibaka river with
(171.75mg/l) concentration of Sulphate
(SO4) whereas the least concentration of
Sulphate (20.25mg/l) was recorded in Itu
river.

In terms of Phosphate (PO4
3-), the line graph

in Figure 1 shows that Ibaka river has the
highest concentration of Phosphate
(21.20mg/l) in the samples, followed by

Ibeno river with (0.90mg/l) concentration of
Phosphate (PO4

3-) whereas the least
concentration of Phosphate (0.10mg/l) was
recorded from Itu river.  Nonetheless, the
line graph in Figure 1 shows that Itu river
has the highest concentration of Hydrogen
sulphite (106.80mg/l) in the samples,
followed by Ibeno river with (94.0mg/l)
concentration of Hydrogen sulphite (HSO3)
whereas the least concentration of Hydrogen
sulphite (56.96mg/l) was recorded from
Ibaka river among the three sampled rivers.

The Anova results of the extent of the level
of concentration of nutrients in water bodies
at Ibeno, Ibaka and Itu rivers wateris
presented in Table 1

Table 1: Anova result of the nutrients and sulphates concentration in water bodies at
Ibeno, Ibaka and Itu rivers surface water, Akwa Ibom State

Water Samples
Ibeno River Ibaka River Itu River

LSD(0.05)Parameter (mg/l) (mg/l) (mg/l)
Nitrate (NO3) 16.05b±0.05 12.13c±0.01 32.09a±0.02 0.036
Nitrite (NO2 -N) 0.375c±0.03 16.13a±0.05 2.63b±0.05 0.041
Ammonia (NH3) 0.02c±0.04 2.42a±0.02 0.10b±0.06 0.012
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Total Nitrogen (N) 0.39c±0.06 28.26a±0.03 9.88b±0.05 0.048
Sulphate (SO4) 244.75a±0.05 171.75b±0.02 20.25c±0.01 0.036
Phosphate (PO4

3-) 0.90b±0.02 21.20a±0.04 0.10c±0.05 0.041
Hydrogen sulphite (HSO3) 94.00b±0.01 56.96c±0.03 106.80a±0.0

6
0.090

Values are mean ± standard deviation. The
mean value in each row followed by
different superscripts is statistically different
at (P < 0.05).  Mean separation was done
using Least Square Difference (LSD)
derived from QI Macros 2018 excel add in
statistical package.

The Anova result in Table 1 shows that the
highest value of Nitrate concentration
(32.09mg/l) obtained from Itu river was
significantly (P<0.05) higher than the values
obtained for Ibeno river  (16.05mg/l) and
Ibaka river (12.13mg/l). The Anova result in
Table 4.1 also shows that the level of
concentration of Nitrate (16.05mg/l)
obtained from Ibeno river was significantly
(P<0.05) higher than the level of
concentration of Nitrate (12.13mg/l)
obtained from Ibaka river. This implies that
there exists a significant difference in the
level of concentration of Nitrate (NO3) in
the three sampled  rivers. Thus, the order of
concentration of Nitrate in the three samples
of rivers is as follows; Itu river Nitrate >
Ibeno river  Nitrate > Ibaka river Nitrate.

Similarly, the Anova result in Table 1 shows
that the value of concentration of Nitrite
(16.13mg/l) obtained from Ibaka river was
significantly (P<0.05) higher than the values

of concentration of Nitrite (2.63mg/l)
obtained from Itu river and Ibeno river
(0.375mg/l). The Anova result in Table 1
also shows that the level of concentration of
Nitrite (2.63mg/l) obtained from Itu river
was significantly (P<0.05) higher than the
level of concentration of Nitrite (0.375mg/l)
obtained from Ibeno river. This implies that
there exists a significant difference in the
level of concentration of Nitrite (NO2-N) in
the three samples Rivers collected from
Akwa Ibom state. Thus, the order of
concentration of Nitrite in the three samples
of rivers collected from Akwa Ibom state is
as follows; Ibaka river Nitrite > Itu river
Nitrite > Ibeno river Nitrite.

Equally, the Anova result in Table 1 shows
that the value of concentration of Ammonia
(2.42mg/l) obtained from Ibaka river was
significantly (P<0.05) higher than the values
of concentration of Ammonia (0.10mg/l)
obtained from Itu river and Ibeno river
(0.02mg/l). The Anova result in Table 1 also
shows that the level of concentration of
Ammonia (0.10mg/l) obtained from Itu river
was significantly (P<0.05) higher than the
level of concentration of Ammonia
(0.02mg/l) obtained from Ibeno river surface
water. This implies that there exists a
significant difference in the level of
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concentration of Ammonia (NH3) in the
three samples of rivers collected from Akwa
Ibom state. Thus, the order of concentration
of Ammonia in the three samples of rivers
collected from Akwa Ibom state is as
follows; Ibaka river Ammonia > Itu river
Ammonia > Ibeno river Ammonia.

In addition, the Anova result in Table 1
shows that the value of concentration of
Total Nitrogen  (28.26mg/l) obtained from
Ibaka river was significantly (P<0.05)
higher than the values of concentration of
Total Nitrogen (9.88mg/l) obtained from Itu
river surface water and Ibeno river
(0.39mg/l). The Anova result in Table 1 also
shows that the level of concentration of
Total Nitrogen (9.88mg/l) obtained from Itu
river was significantly (P<0.05) higher than
the level of concentration of Total Nitrogen
(0.39mg/l) obtained from Ibeno river. This
implies that there exists a significant
difference in the level of concentration of
Total Nitrogen (N) in the three samples of
rivers collected from Akwa Ibom state.
Thus, the order of concentration of Total
Nitrogen metal in the three samples of rivers
collected from Akwa Ibom state is as
follows; Ibaka river  Total Nitrogen > Itu
river  Total Nitrogen > Ibeno river Total
Nitrogen.

The Anova result in Table 1 shows that the
value of concentration of Sulphate
(244.75mg/l) obtained from Ibeno river was
significantly (P<0.05) higher than the values

of concentration of Sulphate (171.75mg/l)
obtained from Ibaka river and Itu river
(20.25mg/l). The Anova result in Table 1
also shows that the level of concentration of
Sulphate (171.75mg/l) obtained from Ibaka
river was significantly (P<0.05) higher than
the level of concentration of Sulphate
(20.25mg/l) obtained from Itu river. This
implies that there exists a significant
difference in the level of concentration of
Sulphate (SO4) in rivers.

Correspondingly, the Anova result in Table
1 shows that the value of concentration of
Phosphate  (21.20mg/l) obtained from Ibaka
river was significantly (P<0.05) higher than
the values of concentration of Phosphate
(0.90mg/l) obtained from Ibeno river and Itu
river (0.10mg/l). The Anova result in Table
1 also shows that the level of concentration
of Phosphate (0.90mg/l) obtained from
Ibeno river was significantly (P<0.05)
higher than the level of concentration of
Phosphate (0.10mg/l) obtained from Itu
river. This implies that there exists a
significant difference in the level of
concentration of Phosphate (PO4

3-) in the
three samples of rivers collected from Akwa
Ibom state.

Likewise, the Anova result in Table 1 shows
that the value of concentration of Hydrogen
sulphite   (106.80mg/l) obtained from Itu
river was significantly (P<0.05) higher than
the values of concentration of Hydrogen
sulphite   (94.0mg/l) obtained from Ibeno
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river and (56.96mg/l) obtained from Ibaka
river. The Anova result in Table 1 also
shows that the level of concentration of
Hydrogen sulphite (94.0mg/l) obtained from
Ibeno river was significantly (P<0.05)
higher than the level of concentration of
Hydrogen sulphite (56.96mg/l) obtained
from Ibaka river. This implies that there
exists a significant difference in the level of
concentration of Hydrogen sulphite (HSO3)

in the three samples of rivers collected from
Akwa Ibom state.

Further analysis was carried out to
determine the percentage concentration of
nutrients in the river samples collected from
Akwa Ibom State. A pie chart of the
percentage concentration of nutrients in the
river samples collected from Akwa Ibom
State is presented in figure 2

.

Figure 2. A pie chart of the percentage concentration of nutrients in the sampled rivers of
Akwa Ibom State
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river and (56.96mg/l) obtained from Ibaka
river. The Anova result in Table 1 also
shows that the level of concentration of
Hydrogen sulphite (94.0mg/l) obtained from
Ibeno river was significantly (P<0.05)
higher than the level of concentration of
Hydrogen sulphite (56.96mg/l) obtained
from Ibaka river. This implies that there
exists a significant difference in the level of
concentration of Hydrogen sulphite (HSO3)

in the three samples of rivers collected from
Akwa Ibom state.

Further analysis was carried out to
determine the percentage concentration of
nutrients in the river samples collected from
Akwa Ibom State. A pie chart of the
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shows that the level of concentration of
Hydrogen sulphite (94.0mg/l) obtained from
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in the three samples of rivers collected from
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The pie chart shows that Ammonia has the
least percentage concentration (0.3%) in the
three rivers , followed by Nitrite with
percentage concentration (2.3%), followed
by Phosphate with percentage concentration
(2.7%), followed by Total Nitrogen with
percentage concentration (4.6%), followed
by Nitrate with percentage concentration
(7.2%), followed by Hydrogen sulphite with
percentage concentration (30.8%) and by
Sulphate with percentage concentration
(52.2%) in the three rivers samples collected

from Akwa Ibom for this study. This implies
that Sulphate is the most abundant ion in the
surface water of the samples of rivers
collected from Akwa Ibom state whereas
Ammonia is the least abundant nutrient
found in the surface water of samples of
rivers collected from Akwa Ibom state.
Correlation analysis was employed to
measure the extent of the relationship
between the concentration of nutrients in
samples of rivers and the result of the
analysis is presented in Table 2 below

Table 2: Correlation analysis result of the relationship between the concentrations of
nutrients and sulphates in samples of surface water collected from Akwa Ibom State

CORREL NO3 NO2-N NH3 N SO4 PO4
3- HSO3

NO3 1
NO2-N -0.546 1
NH3 -0.629 0.995 1
N -0.360 0.978 0.952 1
SO4 -0.872 0.066 0.169 -0.142 1
PO4

3- -0.677 0.986 0.998* 0.931 0.231 1
HSO3 0.819 -0.928 -0.961 -0.830 -0.434 -0.977 1
*Correlation is significant at 0.05 percent
Source: Computed by the researcher from
experimental result figures of the
concentration of the cations in the samples
of river surface water collected from Akwa
Ibom state.

The result of the correlation analysis of the
relationship between the concentration of
nutrients on samples of river shows that
most of the nutrients exhibited strong
correlation with each other, however these
relationships are not significant, indicating

that the level of occurrences of each of
NO3,NO2-N, NH3, N, SO4, PO4

3- and
HSO3in river was not as a result of the
presence of other nutrients but as a result of
the various sources from which these
nutrient enters the rivers.However, a
positive and significant relationship was
established between Ammonia and
Phosphate at 5% level of significance. This
implies that an increase in Ammonia
occurrence in the surface water samples of
three rivers studied in Akwa Ibom state
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The pie chart shows that Ammonia has the
least percentage concentration (0.3%) in the
three rivers , followed by Nitrite with
percentage concentration (2.3%), followed
by Phosphate with percentage concentration
(2.7%), followed by Total Nitrogen with
percentage concentration (4.6%), followed
by Nitrate with percentage concentration
(7.2%), followed by Hydrogen sulphite with
percentage concentration (30.8%) and by
Sulphate with percentage concentration
(52.2%) in the three rivers samples collected

from Akwa Ibom for this study. This implies
that Sulphate is the most abundant ion in the
surface water of the samples of rivers
collected from Akwa Ibom state whereas
Ammonia is the least abundant nutrient
found in the surface water of samples of
rivers collected from Akwa Ibom state.
Correlation analysis was employed to
measure the extent of the relationship
between the concentration of nutrients in
samples of rivers and the result of the
analysis is presented in Table 2 below

Table 2: Correlation analysis result of the relationship between the concentrations of
nutrients and sulphates in samples of surface water collected from Akwa Ibom State

CORREL NO3 NO2-N NH3 N SO4 PO4
3- HSO3

NO3 1
NO2-N -0.546 1
NH3 -0.629 0.995 1
N -0.360 0.978 0.952 1
SO4 -0.872 0.066 0.169 -0.142 1
PO4

3- -0.677 0.986 0.998* 0.931 0.231 1
HSO3 0.819 -0.928 -0.961 -0.830 -0.434 -0.977 1
*Correlation is significant at 0.05 percent
Source: Computed by the researcher from
experimental result figures of the
concentration of the cations in the samples
of river surface water collected from Akwa
Ibom state.

The result of the correlation analysis of the
relationship between the concentration of
nutrients on samples of river shows that
most of the nutrients exhibited strong
correlation with each other, however these
relationships are not significant, indicating

that the level of occurrences of each of
NO3,NO2-N, NH3, N, SO4, PO4

3- and
HSO3in river was not as a result of the
presence of other nutrients but as a result of
the various sources from which these
nutrient enters the rivers.However, a
positive and significant relationship was
established between Ammonia and
Phosphate at 5% level of significance. This
implies that an increase in Ammonia
occurrence in the surface water samples of
three rivers studied in Akwa Ibom state
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The pie chart shows that Ammonia has the
least percentage concentration (0.3%) in the
three rivers , followed by Nitrite with
percentage concentration (2.3%), followed
by Phosphate with percentage concentration
(2.7%), followed by Total Nitrogen with
percentage concentration (4.6%), followed
by Nitrate with percentage concentration
(7.2%), followed by Hydrogen sulphite with
percentage concentration (30.8%) and by
Sulphate with percentage concentration
(52.2%) in the three rivers samples collected

from Akwa Ibom for this study. This implies
that Sulphate is the most abundant ion in the
surface water of the samples of rivers
collected from Akwa Ibom state whereas
Ammonia is the least abundant nutrient
found in the surface water of samples of
rivers collected from Akwa Ibom state.
Correlation analysis was employed to
measure the extent of the relationship
between the concentration of nutrients in
samples of rivers and the result of the
analysis is presented in Table 2 below

Table 2: Correlation analysis result of the relationship between the concentrations of
nutrients and sulphates in samples of surface water collected from Akwa Ibom State

CORREL NO3 NO2-N NH3 N SO4 PO4
3- HSO3

NO3 1
NO2-N -0.546 1
NH3 -0.629 0.995 1
N -0.360 0.978 0.952 1
SO4 -0.872 0.066 0.169 -0.142 1
PO4

3- -0.677 0.986 0.998* 0.931 0.231 1
HSO3 0.819 -0.928 -0.961 -0.830 -0.434 -0.977 1
*Correlation is significant at 0.05 percent
Source: Computed by the researcher from
experimental result figures of the
concentration of the cations in the samples
of river surface water collected from Akwa
Ibom state.

The result of the correlation analysis of the
relationship between the concentration of
nutrients on samples of river shows that
most of the nutrients exhibited strong
correlation with each other, however these
relationships are not significant, indicating

that the level of occurrences of each of
NO3,NO2-N, NH3, N, SO4, PO4

3- and
HSO3in river was not as a result of the
presence of other nutrients but as a result of
the various sources from which these
nutrient enters the rivers.However, a
positive and significant relationship was
established between Ammonia and
Phosphate at 5% level of significance. This
implies that an increase in Ammonia
occurrence in the surface water samples of
three rivers studied in Akwa Ibom state
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leads to an increase in Phosphate occurrence
and vice versa.

Comparison of the values of the
concentration of nutrients obtained
at the surface water of the samples
of rivers collected from Akwa Ibom
state with the recommended

standards by USEPA, WHO, and
NESREA

The mean concentration of nutrients in
surface water at Ibeno river, Ibaka River and
Itu river were compared with the acceptable
tolerable Values of metals in surface water
and the result is presented in Table 3.

Table 3: Comparison of the nutrients and sulphates obtained at the surface water of the
samples of rivers collected from Akwa Ibom state with the recommended
standards by USEPA, WHO, and NESREA

IBEN
O

IBAKA ITU USEP
A

WH
O

NESRE
A

Parameter mg/l mg/l mg/l mg/l mg/l mg/l
Nitrate (NO3) 16.05 12.13 32.09 10 11 50
Nitrite (NO2 -N) 0.375 16.13 2.63 Nil Nil 0.2
Ammonia (NH3) 0.02 2.42 0.10 Nil Nil 10
Total Nitrogen (N) 0.39 28.26 9.88 10 11 10
Sulphate (SO4) 244.75 171.75 20.25 250 200 100
Phosphate (PO4

3-) 0.90 21.20 0.10 Nil Nil 0.1
Hydrogen sulphite (HSO3) 94.00 56.96 106.80 Nil Nil 0.05
Note: Values of the parameters are as obtained from the laboratory experiment. Nil = None.

The mean concentration of Nitrate (NO3) in
surface water at Ibeno river, Ibaka River and
Itu river when compared with the acceptable
tolerable Value  in surface water was found
to be high and well above the tolerable

values by USEPA and WHO but falls within
the acceptable limit by NESREA. The mean
concentration of Nitrite (NO2-N) in surface
water at Ibeno river, Ibaka River and Itu
river when compared with the acceptable



Confluence Journal of Environmental Studies Vol 13 (Issue 2), 2020
www.confluencejournal.com.ng
ISSN : 15975827

Obasi k. O. Et al (2020): Assessment of some nutrients (no3-,n02-,nh3, po43-) and sulphates (so42-,so32- ) in itu, ibeno and ibaka rivers
of akwa ibom state, nigeria

tolerable Value in surface water was found
to be high and well above the tolerable value
by NESREA.

The mean concentration of Ammonia (NH3)
in surface water at Ibeno river, Ibaka River
and Itu river when compared with the
acceptable tolerable Value in surface water
was found to fall within the acceptable limit
by NESREA of not more than 10mg/l. The
mean concentration of total Nitrogen (N) in
surface water at Ibeno river, and Itu river
when compared with the acceptable
tolerable value in surface water was found to
falls within the acceptable limit by USEPA,
WHO and NESREA but the mean
concentration of total Nitrogen in surface
water at Ibaka River when compared with
the acceptable tolerable Value in surface
water was found to be high and well above
the tolerable values by USEPA, WHO and
NESREA.

The mean concentration of Sulphate (SO4)
in surface water at Ibeno river, when
compared with the acceptable tolerable
value in surface water was found to be high
and well above the tolerable values by WHO
and NESREA but falls within the acceptable
limit by USEPA. The mean concentration of
Sulphate (SO4) in surface water at Ibaka
river, when compared with the acceptable
tolerable value in surface water was found to
be high and well above the tolerable values
by NESREA but falls within the acceptable
limit by WHO and USEPA. However, the

mean concentration of Sulphate (SO4) in
surface water at Itu river, when compared
with the acceptable tolerable value in
surface water, was found to fall within the
acceptable limit by USEPA, WHO and
NESREA.

The mean concentration of Phosphate (PO4
3-

) in surface water at Ibeno river and Ibaka
river, when compared with the acceptable
tolerable value in surface water were found
to be high and well above the tolerable
values by NESREA. However, the mean
concentration of Phosphate (PO4

3-) in
surface water at Itu river when compared
with the acceptable tolerable value in
surface water was found to fall within the
acceptable limit by NESREA. The mean
concentration of Hydrogen sulphite (HSO3)
in surface water at Ibeno river, Ibaka River
and Itu river when compared with the
acceptable tolerable value in surface water
was found to be high and well above the
tolerable values by NESREA.

DISC
USSI
ON

The result shows that Itu river has the
highest concentration of Nitrate (32.09mg/l)
in the sampled water bodies, followed by
Ibeno river with 16.05mg/l concentration of
Nitrate (NO3) while the least concentration
of Nitrate (12.13mg/l) was recorded in Ibaka
river. Nitrates can interfere with the ability
of our red blood cells to carry oxygen.
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Infants are more at risk of nitrate poisoning
than older children or adults. Babies can turn
“blue” when there is not enough oxygen
being transported by their blood. This “blue
baby syndrome” (technically known as
methemoglobinemia) is a serious condition
that can cause brain damage or death
(WRIG, 2020). A growing body of literature
indicates potential associations between
nitrate/nitrite exposure and other health
effects such as increased heart rate, nausea,
headaches, and abdominal cramps. This
finding is in line with Gazan et al., (2016).

In terms of Phosphate (PO4
3-), the line graph

in Figure 1 shows that Ibaka river has the
highest concentration of Phosphate
(21.20mg/l) in the samples of  river
collected, followed by Ibeno river with
(0.90mg/l) concentration of Phosphate
(PO4

3-) whereas the least concentration of
Phosphate (0.10mg/l) was recorded from Itu
river among the three samples of rivers
collected from Akwa Ibom state. Phosphates
are not toxic to people or animals unless
they are present at very high levels.
Digestive problems could occur from
extremely high levels of phosphate. The
soluble or bio-available phosphate is then
used by plants and animals. The phosphate
becomes incorporated into the biological
system, but the key areas include ATP,
DNA, and RNA (Brian 2020)

In addition, result shows that the value of
concentration of Sulphate  (244.75mg/l)

obtained from Ibeno river was significantly
(P<0.05) higher than the values of
concentration of Sulphate (171.75mg/l)
obtained from Ibaka river and Itu river
(20.25mg/l). The Anova result in Table 1
also shows that the level of concentration of
Sulphate (171.75mg/l) obtained from Ibaka
river was significantly (P<0.05) higher than
the level of concentration of Sulphate
(20.25mg/l) obtained from Itu river.Sulphur
is present in human and livestock excreta
and sulphates are found in most water
supplies. Sufficient sulphur is normally
available in domestic wastewater in the form
of organic sulphides such as mercaptans,
and disulfides for the production of odorous
gases by anaerobic and facultative bacteria
(EPA, 2009). Sulphate occurs extensively in
both natural and anthropogenic water
systems. Primary natural sources of Sulphate
include atmospheric deposition, Sulphate
mineral dissolution, and sulphide mineral
oxidation. Anthropogenic sources include
coal mines, power plants, phosphate
refineries, and metallurgical refineries. High
concentrations of Sulphate in ingested water
can cause diarrhea in humans, especially
infants (EPA, 1999). Sulphate may have a
laxative effect that can lead to dehydration
and is of special concern for infants. With
time, people and young livestock will
become acclimated to the Sulphate and the
symptoms disappear. This finding is in
consonance with the report of several other
researchers Casado et al., (2015), Dupont et
al., (2014), who also reported increase in
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nutrient elements like sulphate in polluted
water at a concentration higher than the
tolerance limits. This is expected because
the sulphate that is released in the air by gas
flaring is being washed down into these
rivers during rainfall and tends to
accumulate over a long period of time. This
finding is also in agreement with the finding
of Dawson et al., (2015). The result of this
work also shows that sulphate, nitrate,
nitrite, phosphate and Hydrogen sulphide
concentrations in the river samples of Ibeno
Ibaka and Itu rivers were high and well
above some of the recommended standard
values or permissible limits by USEPA,
WHO and NESREA. Quite a good number
of factors may have contributed to sulphate
contamination of the Ibeno and Ibaka rivers.
These contributing factors could be;
weathering (natural phenomenon) and
anthropogenic activities such: disposal of
metals and metal components into the river,
leaching of metals from garbage and solid
waste heaps. This finding is in consonance
with the report of Muhammad et al., (2012)
who noted that nitrate can reach both surface
water and groundwater as a consequence of
agricultural activity (including   excess
application   of   inorganic   nitrogenous
fertilizers and manures),  from  wastewater
treatment  and  from  oxidation  of
nitrogenous  waste products  in  human  and
animal  excreta,  including  septic tanks.
Nitrite can also be formed chemically in
distribution pipes by Nitrosomonas bacteria
during stagnation of nitrate-containing and

oxygen-poor drinking-water in galvanized
steel pipes or if chlorination is used to
provide a residual disinfectant and the
process is not sufficiently well controlled.
Apart from oil companies located in the
communities, it was observed that the
people in the communities disposed of all
kinds of waste materials into the rivers that
could be a source of sulphate and other
nutrient contamination. Heavy runoffs, as a
result of early rainfall during these months,
could also contribute to the high values.

Conclusion

Human activities are critical in the
fluctuation of ions in surface waters.
Activities of oil companies and some other
productive ventures in the communities also
contributed to the enrichment of these rivers
by the nutrients. Agricultural activities in the
communities such as washing of fertilizer
bags in the river after application and
indiscriminate disposal of agrochemicals
into surface waters were observed at some
sampling points and that may have also
accounted for additional pollution of the
water bodies.
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