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Abstract

Physicochemical characteristic is a very vital water quality monitoring parameters due to their instability once water is extracted from
its source. The addition of various kinds of pollutants and nutrients through sewage, industrial effluents, agricultural runoff etc. into
the water bodies brings about a series of changes in the physicochemical biological characteristic of water, which have been the
subject of several investigations. This research work focused on the levels of physico-chemical parameters such as pH, conductivity,
dissolve oxygen, carbonates, bicarbonates calcium, magnesium, chloride, phosphates, and nitrates content in the natural water samples
collected from Gidan igwai Area Sokoto, Sokoto State. The mean results showed that : pH(6.3+£0.17 -7.0+0.69),Electrical
conductivity (77.80.2+0.06 - 4510.2+5.77pscm?),Dissolve Oxygen (4.67.0+0.92-5.87+1.04 mg/l ),Carbonates (0.2+0.06 -0.2+0.06
mg/l), bicarbonates (16+3.46 -116+9.24 mg/l),Calcium (30£2.89 -72+2.31 mg/l ),Magnesium (25.2+0.12- 67.2+0.12 mg/l), Chloride
(2.0£0.58-8.2+0.12 mg/l), Nitrates (2.4+0.23- 3.0+1.15 mg/l) Phosphate (0.19+0.05 - 0.21+0.11 mg/l.). All the measured parameters

were found to be within the WHO standards for drinking water.
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1. Introduction

Water is an essential component of life and is regarded as a
universal solvent. It is used for washing, cooking, agricultural
and even for industrial activities. Water could be obtained from
ground water and surface sources 3. The groundwater sources
include boreholes and hand dug wells while surface water
sources include rivers, streams, and lakes. No matter the source
of water, it is consumed and used on a day to day basis 1.
However, water sources are often contaminated. Contamination
of water sources can emerge from leaching of rocks, industrial
and agrochemical discharges that are washed into them
especially during the rainy season [*°1. These contaminations can
affect the clarity and the chemical constituents of the water
source. Essentially, they can distort the quality of the water and
even add odour thereby impacting negatively on economic
activities 7], Clean water must comply with certain physical
and chemical standards, which are designed as standards for
good quality water. Good quality water for drinking is free from
disease producing microorganisms and chemical substances
deleterious to health. Water is grouped into marine and fresh
water based on the concentration of salt. Marine water has high
salt content, while fresh water is free or less salt content 1,
Fresh water resource is one of the major components of
environmental resources that are under threat either from over
exploitation or pollution, exacerbated by human activities on
the earth’s surface. Many developing regions suffer from either
chronic shortages of fresh water or the pollution of readily
accessible water resources 1.

According to ' report, about 800 million people in Asia and
Africa are living without access to safe drinking water.
Consequently, this has caused many people to suffer from
various water related diseases [®1. The provision of clean and
safe drinking water is one of the major problems in community
of Gidan Igwai Area Sokoto, Nigeria. Therefore, examination
of the quality of the source of water in this community is

necessary since water from these sources is used for domestic
purpose in their raw state. Physicochemical characteristic is
very vital water quality monitoring parameters due to their
instability once water is extracted from its source. The addition
of various kinds of pollutants and nutrients through sewage,
industrial effluents, agricultural runoff etc.
Into the water bodies brings about a series of changes in the
physicochemical biological characteristic of water, which have
been the subject of several investigations [>18 121,
Cheng et al. (2018) studied the physico-chemical properties of
river water in Phenom Penh and its suburban area and revealed
that the mean DO concentration of the four rivers is in this
increasing order Tonle Sap < Bassac < Lower Mekong < Upper
Mekong. The mean pH of the Tonle Sap and Bassac were below
the minimum regulation limit of pH (6.5 to 8.5) of WHO’s
drinking water guideline. The main rivers of Phnom Penh have
lower pH, EC and TDS than rivers in other countries.
Concurrently, DO concentrations in Cambodian rivers are lower
than rivers in China, Korea and Nigeria.
Nnamani et al. (2011) evaluated the physicochemical
parameters of ISU and Calabar rivers in ebonyi State, Nigeria
and compared to standard (WHO standard for drinking water).
The result obtained showed; pH (6.5-6.8), turbidity (2.8-3.2
NTU), conductivity (120-160us/cm), alkalinity (5.93-7.32
mg/l), TS (0.23-0.30mg/l), TDS (0.10-0.19 mg/l), TSS (0.09-
0.13 mg/l), CI(0.14-0.18mg/l), SO. (0.25-0.32 mg/l), Nitrate
(0.288-0.440 mg/l), phosphate (0.033-0.227 mg/l). These
measured parameters conformed to the WHO drinking standard
while parameter like Turbidity of ISU river with values from
5.98 to 5.93mg/l, was relatively above/higher that the WHO
standard for drinking water.
This present study is aimed at analysing physico-chemical
parameters of different water Sources (Borehole Water, River
Water and Underground Water) in Gidan Igwai Area, Sokoto,
Nigeria.
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Materials and Methods

Study Area

Sokoto State is located between latitude 13.005873 and
longitude 5.247552. Sokoto is a large city in northwest Nigeria,
near the rivers of Sokoto and Rima. The population of the city
is approaching to a half million, and it is one of the most
modern and advanced cities of the country, with high quality
life and various cultural and social activities taking place there
on a regular basis. Over 80 per cent of the local population is
Muslim. Gidan Igwai Area being a town in Sokoto North local
Government Area of Sokoto State is located between latitude
13°04'17.2"N  (13.0714400°) and longitude 5°1228.6"E
(5.2079400°) .The city's economy relies on agriculture and
manufacturing in its economic activities. The raining season is
usually between July and October; however, rain sometimes
starts in April or May. During the raining season, most farmers
favour harvesting their crops, planting crops and repairing the
farm.

Sample Collection and Preparation

Water samples were collected on February, March and April
2021, from Gidan Igwai Area located between latitude
13°04'17.2"N  (13.0714400°) and longitude 5°12'28.6"E
(5.2079400°) . The samples were collected from the same site
of Gidan Igwai Area. They are represented with letter A, B and
C respectively. Water from borehole, River and underground
sources were collected in a 4 litre gallon each and preserved
with 2M HNOg; to prevent it against bacteria attack. 100ml of
the sample was measured into a 250ml beaker. 5ml of 1:1 HCI
was added and the beaker was placed on a steam bath and
allowed to stand for 30minutes. The solution was filtered
through a whatman No 1 filter paper into 100ml volumetric
flask and the solution made up to mark with distilled water and
then analysed.

Method

Determination of pH

The pH was determined using a standard Techmel pH meter.
50ml of the sample was measured into a 100ml beaker and the
pH electrode was dipped into the solution. The measurement
was recorded.

Electrical Conductivity

EC was measured using combined TDS/conductivity meter
model 4200 by shifting one of the four buttons of instrument.
Before measuring, the probes were rinsed with distil water and
purity of distil water was checked. Then the probe was
immersed in beaker containing water sample and moved up and
down taped on the beaker to be free the electrodes from any
bubbles. Then data was recorded for each sample.

Alkalinity for carbonates determination

To each 50 ml of the water samples, 3 drops of phenolphthalein
indicator was added. The sample was titrated with 0.02N H,SO4
to pH 8.3 and phenolphthalein alkalinity was estimated
(phenolphthalein indicator changed colour from pink to
colourless at pH 8.3). Finally the phenolphthalein alkalinity of
water was calculated as follows, Phenolphthalein alkalinity
(mg/L) as

AN =50 100D
-
Where A = volume of H,SO4 in ml,

N = normality of H,SO, used to titrate,
V = volume of sample used in ml

Alkalinity for bicarbonates determination: Three drops of
bromocresol green indicator was added to 50 mL of each the
samples and titrated with 0.02 N H,SO4 to pH 4.5 and total
alkalinity was estimated (bromocresol green indicator was
changed the colour from blue to yellow at pH 4.5). Amount of
acid used at this moment starting phenolphthalein was used to
react with hydroxide, carbonate and bicarbonate and it was
constituted of total alkalinity. Finally total alkalinity was
calculated as follows. Total alkalinity (mg/L) (as CaCQs)

AN x5 10H

.

Where

A = Volume of H;SOs consumed in mL starting from
phenolphthalein,

N = normality of H,SO4,

V= volume of sample used in mL

Chloride

10 mL of each water sample was taken in conical flask. And pH
was measured and adjusted in between 7-9. After that 1 ml of
5% K,CrO, indicator was added to and titrated with previously
standardized silver nitrate solution to brick red colour
precipitate end point and noted down volume of titrate used as
V1. Similarly a blank titration was done by taking 10 ml of
distilled water instead of sample and precedes the same
procedure as the sample and recorded the final volume as V.
Finally the concentration of chloride present in the sample was
calculated using the following equation

[(F1-V2) %x35.5 x1{HH

Chloride ion concentrations (mg/ L) - —

Where

V1 = volume of titrate consumed for water sample.
V; = Volume of titrate consumed for blank,

N = normality of silver nitrate and

Vsample = volume of sample used (ml)

Determination of phosphate ion

50cm? of water sample was pipette into a 500cm?® volumetric
flask, 5cm® of Ammonium molybdate solution and 3.0cm?® of
ascorbic acid were added with swirling, the mixture was diluted
to the mark with deionised water and was allowed to stand for
30 minutes for maximum colour development, the absorbance
was then read at 660nm including the blank. The procedure was
applied for the remaining samples.

Determination of Nitrate ion

10cm? of the water sample was pipette into a 50cm?3 volumetric
flask. 10cm?® of 13N sulphuric acid was added and mixed with
swirling, the flask was allowed to come to a thermal
equilibrium in cold water bath (0 - 10)°C. 0.5cm3 of brocine-
sulfanilic acid was added and diluted to the mark with deionised
water, the solution was then placed on the 100°C hot water bath
for about 25 minutes for maximum colour development, the
flask was then cooled to room temperature. The absorbance was
read at 410nm including the blank. This procedure was repeated
on the other samples.

Determination of calcium and Magnesium

Total hardness was determined by EDTA method. This was
done by titrating 100mL of sample in a conical flask and adding
ImL of buffer solution with Erichrome Black-T indicator
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against standard EDTA (Ethylene diamine tetra acetic acid).
The solution was changed from wine blue at the end point.
miaf EDTA uead =104

Total hardness (as CaCQOs), (mg/L) = '

ml of sampls

Calcium hardness was determined by the same procedure as
total hardness. Taking 50mL sample in a conical flask with 2ml
of NaOH solution of 1N was titrated against EDTA solution
using murexide indicator. At the end point, pink colour changed
to purple.

Volof EDTA =N =40.08 =100

Calcium, mg/L (as CaCOs) =

Vol af Sampla

Magnesium hardness Magnesium salts occur in significant
concentration in natural waters which may be calculated as the
difference between total hardness and calcium hardness.

Magnesium hardness, mg/L (as CaCOs;) = Total hardness —
Calcium hardness.

Determination of Dissolved Oxygen

A specialized 300ml BOD bottles designed to allow full filling
with no air space and provide an airtight seal were used. The
bottles were filled with the sample to be tested .At least one
bottle was filled with water (Distilled or deionised) as a control
or blank. A DO meter is used to measure the initial dissolve
oxygen concentration in each bottle. Each bottle is then placed
into a dark incubator at 20°C for five days. After five days (+3
hours) the DO meter is used again to measure a final dissolved
oxygen concentration.

Results and discussion
The mean values of different selected physicochemical
parameters are tabulated in Tables 1.

Table 1: Physicochemical Parameters of different water sources in Gidan Igwai Area, Sokoto. (Mean + SD)

Parameters A B C WHO
pH 7.0+0.69 6.3+0.17 6.5+0.23 6.5-8.5
Ec 77.8+0.06 94.1+0.06 451+5.77 8-10,000us cm?
DO 4.6+0.92 5.7+0.40 5.8+1.04 Less than 5

COs 0.2+0.06 0.2+0.06 0.2+0.06 75
HCOs 116+9.24 48+4.62 16+3.46 150
Ca?* 7242.31 30+2.89 36+3.46 75
Mg** 67.240.12 25.240.12 28.8+0.46 150

Cl- 4.7+0.40 2.0+0.58 8.2+0.12 250
NOs 3.0+£1.15 2.4+0.23 3.0+1.15 10
P 0.21+0.11 0.20+0.12 0.19+0.05 2

Key; WHO= World Health Organization A= Borehole Water B= River Water C= Underground Water

Discussion

pH: The result of this study indicates that the different water
sources for drinking in Gidan Igwai Area are acidic and the
mean pH ranged from 6.3+0.17 to 7.0£0.69. The pH of the
water sources is in this increasing order A == C =B .Sample A is
neutral (pH 7.0£0.69). Thus, the pH of all the water samples
analysed are within the [ recommended pH values of 6.5 to 8,
except B that is below WHO standards, the variation might be
attributed to the introduction of sewages of humans and animals
into the river wate because of the open nature of the water
source. Sample A is the safest water to drink.

Electrical Conductivity: The electrical Conductivity as
presented in Table 1 showed that the mean value for the water
samples ranged from 77.80.2+0.06 to 4510.2+5.77uscm?, The
conductivity of the water sources is in this increasing order A =
B = C, with sample A having the minimum mean value and
Sample C with maximum mean value. The presence of a
slightly high value of electrical conductivity in the water
samples showed that contaminations due to dissolve ions are
low, because electrical conductivity is directly proportional to
the total dissolved solids. This may be due to the soil type and
geology of the study area or the wastes entering from the
surrounding to water sources. These values were found to be
below the I permissible limit of 8-10,000us cm? . The results
for all the samples were also found to be in contrast with
previous reports by 72,

Dissolve Oxygen: The mean results for dissolve oxygen for all
the samples as depicted in Table 1 ranges from 4.67.0£0.92 to
5.87+1.04 mg/l. The dissolve oxygen of the water sources is in
increasing order of A = B = C, with sample A having the
lowest mean value of 4.67.0£0.92 mg/l and sample C with
highest mean value of 5.8 7.0£1.04mg/l. Sample B and C were

found be above the permissible limit of = 5 mg/l. The values
were in contrast with previous report by > 161 The level of
dissolved oxygen in natural water highly reduced with
increasing of water temperature and high organic concentrations
as a result of increased decomposer activities [,

Carbonates: The mean value for carbonate ion as presented in
Table 1 for all the water samples is 0.2+0.06 and was found to
be below the WHO standard limits (75mg/l) ©l,

Bicarbonates : For the bicarbonates, the mean values ranged
from 16+3.46 to 116+9.24 .The Bicarbonates of the water
sources is in increasing order of C= B =2 A, and the values were
below the [ guideline of 150mg/l. The values were in
agreement with previous report by 4,

Calcium: The mean value for Calcium ion as presented in
Table 1 ranged from 30+2.89 to 72+2.31 mg/l. The calcium of
the water sources is in this increasing order B == C == A with
sample B having the minimum mean value of 30+2.89 mg/l and
sample A with maximum mean value 72+2.31 mg/l. The 10
guidelines for calcium is 75mg/l and these samples were found
to fall below the guideline. The values were in agreement with
previous report by 13 17 1.2 Calcium ion can occur naturally in
natural water through the dissolution of carbonate minerals and
the decomposition of the sulphate, phosphate, and silicate
minerals. High calcium concentrations in water may lead to the
formation of solid scales in pipes and kitchen utensils and
increased soap consumption.

Magnesium
The mean value for Magnesium ion as presented in Table 1 for
the water samples ranged from 25.2+0.12 to 67.2+0.12 mg/I.
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The Magnesium of different water sources is in this order B =
C <A with sample B having the minimum mean value of
25.240.12 mg/l and sample A with maximum value of
67.2+0.12 mg/l. The [ guidelines for calcium is 150mg/I and
these samples were found to fall below the guideline. The
values were in agreement with previous report by 131712 The
higher magnesium content in sample A may be attributed to
geological sources such as dolomite and other magnesium
containing compounds in sediments and soils of the water
sample.

Chloride: The mean value for chloride ion in the water samples
as presented in the Table 1 ranged from 2.0+0.58 to 8.2+0.12
mg/l. The Chloride of different water sources is in this
increasing order B == A =C and the values were found to be
below the M permissible limit of 250mg/I for chloride ion in
natural water and the values were in agreement with previous
report by I 17 2 The slight variations in the concentrations
might be due to levels of chloride salts in the soil and sediments
or a result of differences in degree of wastes entering into the
water sources.

Nitrates: The Nitrates ion as shown in Table 1 for the water
samples ranged from 2.4+0.23 to 3.0£1.15 mg/l. The Nitrates of
different water sources is in this increasing order B=: 4 and C
with sample B having the minimum mean value of 2.4+0.23
mg/l and sample A and C with maximum mean value 3.0+1.15
of mg/l. These values fall below the 1° permissible limit of 10
mg/l for nitrates ion. The values were in agreement with
previous reports by [*:17:21,

Phosphate: The mean value for phosphate ion for the water
samples as presented in Table 1 ranged from 0.19+0.05 to
0.21+0.11 mg/l. The Nitrates of different water sources is in this
increasing order C= B == A. The analysed samples were found
to fall below the I permissible limit of 2mg/l for phosphate ion
in Natural water. The low concentration of the phosphate in the
sample A water might be due to the geology of the area.

Conclusion

This work has presented the levels of physico-chemical
parameters such as pH, conductivity, dissolve oxygen,
carbonates, bicarbonates, calcium, magnesium, chloride,
phosphates and nitrates in the natural water samples collected
from three different sources in Gidan Igwai Area, Sokoto,
Sokoto State, Nigeria. The analysis was carried out in triplicate
and reported in mean value. All the three samples analysed for
all the parameters were observed to fall below the World Health
Organisation Standard except for sample B in pH determination
as well as sample B and C in dissolve oxygen.The results
showed that most of the parameters determined did not exceed
the acceptable limit of the world Health Organization Standard.
However, determination of heavy metal concentration is
required which is what our subsequent research will explore.
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