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 ABSTRACT

Physico-chemical and statistical analysis of
groundwater samples from seven boreholes,
wells and Iya –Alaro river which is a source of
water for domestic purpose was carried out to
assess the quality in view of the proximity of
boreholes and wells to Iya-Alaro river .Results
shows that Ph of samples are between (4.79-
6.67) which is slightly acidic.SO42- and
Alkalinity of water samples are very low to
NIS standard. Total
hardness,TDS,Ca2+,Mg2+,Cl- ,and Electrical
Conductivity of the study area is between
(166.0-1,017.0 µS/cm) are within the limit of
NIS standard. Statistical comparison and
correlation between Iya-Alaro river and
boreholes and wells shows that Ph, EC, TDS,
Total hardness Ca2+ ,Mg2+ and SO42- with the
significant values (0.230, 0.380, 0.378, 0.471,
0.489, 0.433 and 0.214) respectively have a
very strong connection with Iya-Alaro river
while Alkalinity and HCO3

-with significant
values 0.020 and 0.001 have a very weak
connection with Iya-Alaro river.

Hence Iya-Alaro river has significant effect on
bore holes and wells of the study area.
KEYWORDS: Physico-chemical, Parameter,
correlation, and stastistical.

INTRODUCTION
Iya Alaro River is a river that runs from
Oworoshoki to Opebi through Maryland to the
Ikeja industrial Estate. The river is an
extension of the Lagoon at Oworoshoki area of
Lagos State. It is located at coordinates
(6.5764oN, 3.3653oE). Since the river passed
through Ikeja industrial area, it is likely to be
polluted by industrial waste around the area.
This river is of one the important channel in
Lagos state and there is likely domestic
activities like refuse disposal, sewage disposal
and the likes which may affect the quality of
groundwater around the study area. Physico-

chemical investigation and SPSS Software for
statistical analysis of the Physico-chemical
parameters around Iya- Alaro river area
became necessary to determine the possible
effect this river could have on groundwater of
the study area and the likely effect on human
health

Fig 1.0 Base map of the study area
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MATERIALS AND METHOD

A total of seven (7) groundwater samples were
taken from Iya -Alaro River and its environs,
these samples was taken to a scientific

laboratory to test for its physico-chemical
parameters.
The pH and EC of the groundwater samples
were tested with a pH digital ADWA (AD8000)
pH/EC/TDS/Temperature meter and the
corresponding values were recorded.

To determine chloride (cl-) in the study area,
50ml of groundwater samples was measured
into a conical flask and 0.5g of Sodium
bicarbonate was added to the water sample. 2ml
of 5%K2CrO4 was measured and also added to
the water. 0.02N of AgNO3 (Silver Nitrate) was
poured into a burette and the conical flask
containing the mixed groundwater sample was

titrated to an orange-red colour, where its titre
value was recorded for each samples.
Prepared standards from Stock Chloride
solution. A standard chloride curve was plotted
using the titre values for the different serial
standards. Thereafter the values of the chloride
in the samples were read off the plot after
inserting their titre values. This is based on
APHA 4500 method. According to equation (1)

Cl-
(aq) + AgNO3 AgCl + NO-

3 ………………………eq(1)

(Insoluble White

Precipitate)

Total Dissolved Solid (TDS) can be examine
with the filter paper ,which was oven dried at
100°c for 10mins and weighed on a measuring
scale and recorded as X1. 100ml of the
groundwater samples was measured and
filtered with the filter paper. After filtering, the
filter paper was oven dried and its new weight
was recorded as X2.
The TDS can be determined on a pH digital
ADWA (AD8000) pH/EC/TDS/Temperature
meter or by use of gravimetric method. 25ml
was measured from the filtered 100ml sample
into a pre weighed petri dish (X1), dry the petri
dish and its content in a water bath/oven to
constant weight. Re weigh the petri dish (X2)
TDS is thus determined gravimetrically by
calculating the equivalent amount/mass of
dissolved solid in 1litre of the sample solution.

Determination of calcium (Ca) and
magnessium (mg) (metal) was conventionally
carried out after acid digestion, based on a
modified APHA 3030A method, [Preliminary
treatment of samples] Introduction; Analysis of
total metals (Organically and inorganically
bound) in waste water. When the water sample
is clear however, acid digestion may not be
considered necessary by the analyst, this was
the case of tgis set of samples. The samples
were filtered with a Whatman 120mm filter
paper, and run on Agilent 400AA Atomic
absorption spectrometer to determine the
concentration of the analyte of interest
(Calcium and Magnesium) in the samples.

Total hardness of the water sample
was derived from the concentration of Calcuim
and Magnesium in the sample, following
APHA 2340B method specifications and

Fig 2.0: pH Meter Scale ( Osei,Y.A.2016 )
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Sulphate (so4
2-) concentration of water sample

collected with25ml of groundwater sample was
measured. 5ml of sulphate conditioning reagent
was added to the water sample and stirred. One
spatula of Barium Chloride crystal was also
added and stirred immediately. Sulphate was

determined by turbidity method, setting the
UV-VIS Spectrophotometer to 600nm. The
readings was recorded and used to plot a
calibration graph with prepared serial standard
of sulphate solution .According to equation (2)

SO2-
4 + BaCl2 BaSO4 + Cl2 ………………… eq (2)

(aq) (s) (Insoluble (g)
White
Precipita

Electrical Conductivity and Total Dissolved
Solids (TDS) gives a measure of the ionic load
and contaminants and signifies the amount of
dissolved solids in the water. If the values are
below standard, they have low salt
concentration which is suitable for drinking
and crop production, that is, the aquifer is fresh,
but if the vaules are higher than the standard, it
has high salt concentration which is only
suitable for aquatic life and not for drinking
(Oyem et al., 2014; Hameed et al., 2015).

SPSS Statistical Software
SPSS is short for Statistical Package for the
Social Sciences, and it’s used by various kinds
of researchers for complex statistical data
analysis. The SPSS software package was
created for the management and statistical
analysis of social science data. It was originally
launched in 1968 by SPSS Inc., and was later
acquired by IBM in 2009. SPSS is used by
market researchers, health researchers, survey
companies, government entities, education

researchers, marketing organizations, data
miners, and many more for processing and
analyzing survey data, such as you collect with
an online survey platform like Alchemer.Most
top research agencies use SPSS to analyze
survey data and mine text data so that they can
get the most out of their research and survey
projects.(www.google.com/searchspss)
In this research we use statistical software to
determine correlation and to compare the
physico-chemical parameters of the WH-
1,WH-2,BH-1,BH-2,BH-3,RW-1 and RW-
2.River water were collected at (RW-1 and
RW-2) along Iya-Alaro river to samples
collected in various bore holes and wells (WH-
1,WH-2,BH-1,BH-2 and BH-3).

RESULTS AND DISCURSION
The table below shows Physico-chemical
Parameters of water samples collected from
seven points at the study area

Table 1 :Physico-chemical parameters from Rivers, boreholes and wells
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Ph
The values observed at W-1, W-2 and BH-1
ranged from 6.26-6.67 and fall within the
recommended NIS limits (6.5-8.5). This shows
that the water quality of these samples is safe
for drinking in terms of its pH and would not
affect the human system negatively. The values
observed from BH-2 and BH-3 ranged from
4.79-5.45 and fall below the recommended NIS
range, BH-2 and BH-3 samples are considered
acidic and may corrode metals. Acidic water
can leach metals from plumbing systems (Lead
and Copper pipes) which can cause leakage in
pipes. This may cause health problems because
these metals are harmful especially Lead
(Ezekwe et al., 2017).
Lead has the tendency to accumulate in the
human body. Therefore BH-2 and BH-3 need to
be treated before consumption.

Electrical Conductivity (EC)
Electrical Conductivity (EC) of water is its
ability to generate electric current. The
electrical conductivity of the water samples
ranged from 166.00-1,017.00 µS/cm as
indicated in table above. This is within the
permissible limit of 1000µS/cm set by NIS.
This means they have low salt concentration
and are suitable for drinking and crop
production.

Total Dissolved Solids (TDS)
Total dissolved solids (TDS) include dissolved
inorganic salt and also organic salts. According
to NIS limits TDS limit is 500mg/L. all samples
collected from the study area had normal range
of TDS suitable for human consumption.

Total Hardness
Values obtained from the samples ranged from
29.52-74.27mg CaCO3/L and falls within the
NIS limit of 150 mg CaCO3/L except W-2
whose value is 255.65 mg CaCO3/Lthat falls
above the NIS limits. Therefore, W-2 is hard
water and ingesting water with high level of
hardness may result in forming kidney stone
and disease of the heart. The level of hardness
in sample W-1, BH-1, BH-2 and BH-3 suggest
that it is safe for consumption and use with
regards to hardness except W-2 which would
need to be treated (softened) before use.

Calcium (Ca) and Magnesium (Mg)
Calcium and Magnesium contributes to the total
hardness of water. The values of Calcium and
Magnesium in the water samples range from
8.49-72.40mg/L and 2.83-18.18mg/L
respectively, which falls within the NIS limit (0
-20.0mg/L).

Chloride (Cl-)
The values of chloride in the water samples fall
within 55.00-108.00mg/L. These values are
within the recommended NIS standard value of
250mg/L. The values recorded from the sample
water are low. It is therefore suggested that
these water sources is of good quality with
respect to Chlorides and it is safe for
consumption.

Sulphate (SO4
2-)

In the study area, the concentration of sulphate
from water samples collected from wells and
boreholes ranged from 1.20-37.00mg/L. the
values recorded from the study area are low
compared to the NIS standard (0-100.0mg/L).
This suggests that the water sources are safe for
consumption with respect to sulphate.

Alkalinity
Alkalinity level recorded in the water samples
ranged from 40-120mgCaCO3/L and it
indicates that all samples sites had alkalinity
levels that meet the NIS limits of 25-200
mgCaCO3/L. This result of the analysis reveals
that the values are within the acceptable limit.
This suggests that the water quality of the study
area is safe for consumption with respect to
Alkalinity and this may not cause any domestic
or health related problems.
Bicarbonate (HCO3

-)
The values of Bicarbonate in the water samples
fall within the range of 5.00-7.00mg/L. These
values are below the recommended standard
value of 25-400mg/L. this suggest that the
water samples sources will have some
unpleasantly clean and not refreshing taste.
Appearance, Odour and Colour
Appearance, Odour and Colour which are the
physical parameters of the water samples
collected from RW-1 and RW-2 has odour, grey
coloured and not clear in appearance making it
unsuitable for consumption, but the other
samples W-1, W-2, BH-1, BH-2 and BH-3
collected from the study area has clear
appearance, odourless and colourless .
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CORRELATION OF SAMPLES VALUE

Table 2: correlation values of Physico-chemical data.

.
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Table 3: Anova values of Physico-chemical data.

A statistical approach was adopted in
correlating the water samples physico-chemical
parameters. This method is used in order to
observe the correlation among the Well and
Borehole water sources(W-1,W-2,BH-1, BH-2
and BH-3) to the River water source (RW-1 and
RW-2 taken at separate distances from each
other) in the study area and to see how the River
Water (RW-1 and RW-2) strongly affect the
parameters of the Well and Borehole water
sources (W-1,W-2,BH-1, BH-2 and BH-3).

Interpretation of Correlation Matrix Table
for RW-1 and W-1, W-2, BH-1, BH-2, BH-3
It was observed from the Correlation Matrix
table that there is very strong positive and
significant relationship between RW-1 and W-

1, W-2, BH-1, BH-2, BH-3 (R=0.942, 0.894,
0.894, 0.900 and 0.887) and also it is significant
comparing the P-value (0.000, 0.000, 0.000,
0.000 and 0.001) with α which is 0.05.  This 
correlation indicates that a strong positive
relationship among the samples, by the variance
meaning that they have a strong contribution in
their parameters (components).

Interpretation of Correlation Matrix Table
for RW-2 and W-1, W-2, BH-1, BH-2, BH-3
It was observed from the Correlation Matrix
table that there is very strong positive and
significant relationship between RW-2 and W-
1, W-2, BH-1, BH-2, BH-3 (R=0.982, 0.943,
0.980, 0.889 and 0.967) and also it is significant
comparing the P-value (0.000, 0.000, 0.000,
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0.000 and 0.000) with α which is 0.05.  This 
correlation indicates that a strong positive
relationship among the samples, by the variance
meaning that they have a strong contribution in
their parameters (components).

COMPARISON ANALYSIS OF SAMPLES
VALUES
The physico-chemical parameters were
compared statistically using the
ANOVAComparison Table 3 .The following
was observed using River Water as sample base
for both borehole and well water;

pH Comparison
From the table of comparison and ANOVA the
pH values of both borehole and well water to
the river water, a significant value of 0.230 was
observed. This indicates that the pH of both
borehole and well water samples has a very
strong connection with the pH of the river
water.This result shows that Iya-Alaro river has
effect on wells and boreholes of the study area.

Electrical Conductivity (EC) Comparison
From the table of comparison and ANOVA the
EC values of both borehole and well water to
the river water, a significant value of 0.380 was
observed. This indicates that the EC of both
borehole and well water samples has a very
strong connection with the EC of the river
water. It shows that Iya-Alaro river has effect
on wells and boreholes of the study area.

Total Dissolved Solids (TDS) Comparison
From the table of comparison and ANOVA the
TDS values of both borehole and well water to
the river water, a significant value of 0.378 was
observed. This indicates that the TDS of both
borehole and well water samples has a very
strong connection with the TDS of the river
water. It shows that Iya-Alaro river has effect
on wells and boreholes of the study area.

Total Hardness Comparison
From the table of comparison and ANOVAthe
Total Hardness values of both borehole and
well water to the river water, a significant value
of 0.471 was observed. This indicates that the
Total Hardness of both borehole and well water
samples has a very strong connection with the
Total Hardness of the river water. It shows that

Iya-Alaro river has effect on wells and
boreholes of the study area.

Calcium (Ca) Comparison
From the table of comparison and ANOVA the
Calcium values of both borehole and well water
to the river water, a significant value of 0.489
was observed. This indicates that the Calcium
of both borehole and well water samples has a
very strong connection with the Calcium of the
river water.It shows that Iya-Alaro river has
effect on wells and boreholes of the study area.

Magnesium (Mg) Comparison
From the table of comparison and ANOVA the
Magnesium values of both borehole and well
water to the river water, a significant value of
0.433 was observed. This indicates that the
Magnesium of both borehole and well water
samples has a very strong connection with the
Magnesium of the river water. It shows that Iya-
Alaro river has effect on wells and boreholes of
the study area.

Chloride (Cl-) Comparison
From the table of comparison and ANOVA the
Chloride values of both borehole and well water
to the river water, a significant value of 0.051
was observed. This indicates that the Chloride
of both borehole and well water samples has a
very weak connection with the Chloride of the
river water. It shows that Iya-Alaro river has
effect on wells and boreholes of the study area.

Sulphate (SO4
2-) Comparison

From the table of comparison and ANOVA the
Sulphate values of both borehole and well water
to the river water, a significant value of 0.214
was observed. This indicates that the Sulphate
of both borehole and well water samples has a
very strong connection with the Sulphate of the
river water.

Bicarbonate (HCO3
-) Comparison

From the table of comparison and ANOVA the
Bicarbonate values of both borehole and well
water to the river water, a significant value of
0.001 was observed. This indicates that the
Bicarbonate of both borehole and well water
samples has a very weak connection with the
Bicarbonate of the river water. It shows that
Iya-Alaro river has effect on wells and
boreholes of the study area.
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Alkalinity Comparison
From the table of comparison and ANOVA the
Alkalinity values of both borehole and well
water to the river water, a significant value of
0.020 was observed. This indicates that the
Alkalinity of both borehole and well water

samples has a very weak connection with the
Alkalinity of the river water. It shows that Iya-
Alaro river has effect on wells and boreholes of
the study area.

Fig 2 :Comparism curves of Physico-chemical Parameters
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CONCLUSION
Physico-chemical analysis revealed that the pH
values is between (4.79-6.67). This shows that
BH-3 is partly acidic and other values are
within the limit of Nigerian Industrial Standard
(NIS). Electrical conductivity (EC), Total
Dissolved Solids (TDS), Hardness and Calcium
(Ca) concentration of the study area range
between (166.30-1,017.00)µS/cm, (81.80-
50.90)mg/L, (5.99-255.65)mgCaCO3/L and
(2.15-72.40)mg/L respectively are very high at
W-2 but moderate at other samples based on
Nigerian Industrial Standard (NIS) Standard.
Magnesium values ranges between (0.15-
18.18)mg/L and it is with the NIS limit.
Chloride (Cl-) concentration values is between
(48.50-108.00)mg/L it is within the NIS limits.
Sulphate Concentration values is between
(7.40-97.44)mg/L, it is also within the NIS
limits. Bicarbonate values ranges between (5.0-
19.0)mg/L and it is low compared to NIS limit.
Alkalinity of the study area ranges between
(40.0-300.00)mgCaCO3/L, which is very high
at RW-1.
Statistical comparison analysis of samples
values revealed that pH, TDS, SO42-,
Hardness, Calcium (Ca), Magnesium (Mg) and
Electrical Conductivity (EC) of both borehole
and wells have a strong connection with Iya
Alaro River while Bicarbonate and Chloride
Concentration of both borehole and wells have
a weak connection with Iya Alaro River and
Statistical correlation shows that Iya Alaro-
river and Statistical correlation shows that there
is a very strong positive relationship among the
Physico-chemical samples of the study area. It
shows that Iya-Alaro river has effect on wells
and boreholes of the study area.
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