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ABSTRACT

The research was carried out to determine seasonal variability of Sulphate, Fluoride, Phosphate,
Magnesium and Iron from four sources of drinking water i.e., treated tap-water, boreholes, hand-pumps
and well-water, in Dutsinma city. The study adopted quantitative and experimental method. Data were
collected through field and laboratory works and were analyzed using T-test. The suitability of water for
human consumption was ascertained by comparing the result obtained with the water quality standard set
by the Nigerian Industrial Standards NIS (2007) and World Health Organization WHO (2006). The study
revealed a number of results, most importantly: The quality of water varies slightly with the season.
Some parameters recorded maximum concentrations in the dry season and others were at their maximum
in the rainy season. The average values of Fluoride 1.48mg/l), Phosphate (0.3mg/l) and Iron (0.23mg/I)
were found slightly higher in the rainy season than in the dry season. Those of sulphate 35.88mg/l) and
magnesium (30.97mg/l) were found slightly higher in the dry season than in the rainy season. However
in both the two seasons, most of the parameters conformed to WHO (2006) and NIS (2007) water quality
standards for drinking. Consequently, most of the water sources were safe for human consumption in
terms of the parameters analysed. According to the t-test conducted, all the parameters showed
insignificant seasonal variation. The research recommends regular monitoring and evaluation of water
quality parameters especially during the rainy season, in order to confirm their suitability for human
consumption. Moreover, the study also recommends proper coverage of wells and proper treatment of
well-water before consumption.
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INTRODUCTION

Water is undoubtedly connected to life without which there is no life. This is the reason for which water
must be given necessary attention at all times. Good drinking water is not a luxury, it is one of the most
essential amenities of life itself (Adetunde and Glover, 2010). According to Egbai, Adaikpoh and
Aigbogun (2013), water is an essential element for life and it is used for numerous purposes by man and
therefore must be of acceptable quality for human consumption and should be of adequate quantities for
livestock and industrial uses.

Water plays an indispensable role in sustenance of life and it is a key pillar of health determinant, since
80% of diseases in developing countries are due to lack of good quality water (Cheesbrough, 2006) 1n
(Isah et-al, 2013). Water meant for drinking should be free from harmful microorganisms, harmful
chemicals, suspended materials, undesirable test, colour and odour (Leton and Umesi, 1990) in (obinna,
Ezeabasili and Okoro, (2014). The quality of drinking water is a concern to consumers, water suppliers,
regulators and public health authorities alike (Yagoub and Ahmed, 2009). Drinking water quality
management has been a key pillar of primary prevention for over one and half centuries and it continues
to be the foundation for the prevention and control of water borne diseases (WHO, 2010).

Natural water quality varies from place to place with the seasons, with climate and with the types of soils
and rocks through which water moves. When water from rain or snow moves on the land, and through
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the ground, the water may dissolve minerals in rocks and soils, percolate through organic materials such
as roots and leaves and react with algae, bacteria and other microscopic organisms. Water may also carry
plants, debris, silt and clay to rivers and streams making the water appear muddy or turbid. When water
evaporates from lakes and streams, dissolved minerals are more concentrated in the water that remains.
Each of these natural processes changes the quality and potentiality of the natural water (United States
Environmental Protection Agency,USEPA, 2006).

MATERIALS AND METHODS

Sampling programme

A purposive sampling technique was adopted and samples were drawn purposefully from the four water
sources (treated tap, hand pumps, boreholes and open well water). During reconnaissance survey, eight
sampling points were selected; two sampling points for the treated tap water, two for hands pumps, two
for boreholes and two others for open wells. The sampling points selected were water treatment plant(
point 1) and Bayan area ( point 2) for the treated tap, Isah Kaita College of Education ( point 3) and
Sokoto Rima ( point 4) for Boreholes, Low-cost Housing Estate ( point 5) and Unguwar 9 Kudu (
point 6 ) for hand pumps, and police station open well( point 7) and Zubairu Primary School well ( point
2) for the open concrete wells.

Sample Size

Eight water samples were drawn from eight sampling points selected, two samples from treated tap
water, two samples from hand pumps, two samples from boreholes and two samples from open wells.
Samples collection was carried out thrice in the rainy season and thrice in the dry season respectively,
making a total of forty eight (48) water samples for the study (24 samples in the rainy season and 24
samples in the dry season).

Sample’s Collection

Water samples were collected from tap water, boreholes, hand pumps and open wells. Sample’s
collection for the dry season was carried out in the month of January, February and April 2016. For the
rainy season, the samples were collected in the month of July, August and September 2016. Water
samples were collected using sterilized 2-liter plastic containers, thoroughly washed and acidified with
nitric acid and clearly marked and labeled after the sampling points, time and date. The containers were
further rinsed with the sample water at the sites of the sample collection before the samples were
collected to avoid contamination. This is in accordance with Balarabe,Oladimeji and Abubakar (1998),
Nirmala et al, (2012), Abed, Hussain and Pradhan (2011), Agbaire, Akporido and Akporhonor (2014),
Nwaichi, Monamu and Njoku (2013) and Makwe and Chup (2013) . All samples were collected between
8:00am to 10:00am and kept in coolers filled with ice blocks before they were finally conveyed to the
laboratory where they were analysed for all the selected parameters.

Laboratory Analysis

Parameters analyzed in the laboratory were Sulphate, Fluoride, Phosphate, Magnesium and Iron. These
parameters were tested using standard laboratory techniques.

Statistical Techniques/Methods

For the purpose of this research, t-test was used to analyze the results obtained from laboratory so as to
determine whether there is significant difference in the quality of portable water in the study area
between the two seasons. Bar graphs were also used to show comparisons of water quality between the
seasons.
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RESULTS AND DISCUSSIONS

Table 1: Physiochemical Analysis of Water Samples collected in Dry Season (Dec, 2015 April, 2016)

Sampling Points
Parametres | 1. Water 2.Bayan | 3.1.K.C.O.E | 4. Sokoto 5 6. Unguwar | 7. Police | 8. Zubairu
Treatment | Area Dutsinma Rima .Lowcoast Kudu Hand | Station Primary
Plant Treated Borehole Borehole Hand Pump | Pump Mosque | School
Tap Open Open
Well Well
Sulphate 21.00 14.00 24.00 50.00 60.00 74.00 26.00 18.00
(Mg/1)
Fluoride 1.50 1.22 0.90 0.95 1.15 1.05 1.70 1.56
(Mg/l)
Phosphate 0.40 0.50 0.11 0.43 0.37 0.16 0.53 0.29
(Mg/1)
Magnesium 36.07 33.86 20.71 23.08 24.16 38.58 50.79 20.51
(Mg/1)
Iron (Mg/l) 0.10 0.13 0.20 0.30 0.50 0.50 0.20 0.40

Source: Field and Laboratory Analysis (Dec 2015 — May, 2016)

Table 2: Physiochemical Analysis of Water Samples collected in Rainy Season (June - Sept, 2016)

Sampling Points
Parametres | 1. Water 2.Bayan | 3.1.LK.C.O.E | 4. Sokoto | 5.L low 6. Unguwar | 7. Police | 8. Zubairu
Treatment | Area Dutsinma Rima coast Hand | Kudu Hand | Station Primary
Plant Treated Borehole Borehole | Pump Pump Mosque | School Open
Tap Open Well
Well
Sulphate 12.00 40.00 32.00 40.00 30.00 20.00 48.00 12.00
(Mg/1)
Fluoride 0.90 1.00 1.42 1.20 1.50 1.60 2.60 1.60
(Mg/1)
Phosphate 0.13 0.21 0.18 0.12 0.30 0.36 0.72 0.46
(Mg/1)
Magnesium 24.42 19.53 16.60 22.46 19.06 38.09 20.02 24.91
(Mg/1)
Iron (Mg/l) 0.30 0.20 0.25 0.40 0.01 0.6 0.03 0.03
Source: Field and Laboratory Analysis ( June — Sept, 2016)
Table 3: Water Quality Standards for Drinking Water
S/No Parametres NIS (2007) FME (1997) WHO (2006)
1 Temp. (°C) Ambient - -
2 pH 6.5-8.5 6.5-8.5 6.5-8.5
3 Odour Unobjectionable Odourless -
4 Colour (TCU) 0-15 15.0 (colourless) 0-15
5 Taste Unobjectionable Tasteless -
6 Turbidity (NTU) 5 1.0 5
7 Hardness (Mg/l) 150 200 500
8 TSS (Mg/l) - >10 -
9 TDS (Mg/l) 500 500 1000
10 Electrical Conductivity (us/cm) | 1000 - 300
11 Nitrate (Mg/l) 50 10 50
12 Chloride (Mg/l) 250 250 200
13 Sulphate (Mg/l) 100 500 0-250
14 Fluoride (Mg/l) 15 1.5 -
15 Phosphate (Mg/l) - >5 0.5
16 Magnesium (Mg/l) 0.2 - 50
17 Iron (Mg/l) 0.3 1.0 0.3
18 COD (Mg/l) - - -
19 BOD (Mg/l) -1.00 - -
20 Total Coliforms (MPN) 10 0 0-10
21 Fecal Coliforms / E-Coli 0 0 0
(MPN)

Source: FME (1997), NIS (2007) and WHO (2006)
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Table 4: t-test showing seasonal variation in water quality

Pair Mean  stp.Error  STD. Deviat N df T p<0.05  Rmk

Sulphate Wet season 20.25% 477 1348 8 7  -0708 0502 NS
Dry season 35.88% 7.90 22.34

Fluoride Wet season 1.48% 019 053 8 7 1333 0224 NS
Dry season 125% 0.11 0.30

Phosphate Wet season 0.31% 0.07 020 8 7  -0486 0642 NS
Dry season 0.351 0.05 0.15

Magnesium  Wet season 23.14% 2 36 666 8 7 -1.999 0.086 NS
Dry season 30.97% 3.80 10.75

Iron (Mg/l)  Wet season 0.23% 0.07 021 8 7 0719 049 NS
Dry season 0.29% 0.06 0.16

STD. Error = Standard Error, STD. Deviat = Standard Deviation, d.f.=Degree of Freedom, SIG = Significant, NS = Not
Significant. Decision: If P-Value is less than significance level (0.05), then there is significant difference between the two

RESULT’S DISCUSSION

Sulphate (Mg/l):- The results of sulphate was found in the ranged of (14.00 mg/l to 74.00 mg/l) in the
dry season. Point 6 had the higher value of (74.00 mg/l). This was followed by point 5 (60.00 mg/l),
point 4 (50.00 mg/l), point 7 (26.00 mg/l), point 3 (24.00 mg/l), point 1 (21.00 mg/I), point 8 (18.00 mg/l)
and point 2 (14.00 mg/l). The result ranged from (12.00 mg/L to 48.00 mg/L) in the rainy season. Point
7 had the highest value of (48.00 mg/l) and points 1 and 8 had the lowest values of (12.00 mg/l).
Concentration of sulphate was found to be higher in the dry season than in the rainy season as found by
Makwe and Chup (2013). Despite this, seasonal variation between the seasons remained insignificant.
All the results of sulphate across the two seasons were accommodated by NIS (2009), FME (1997) and
WHO (2006) water quality standards as found by Yisa et-al (2012). This signified the portability of
water for human consumption in terms of sulphate.

Sulphate

M Dry season

Sulphate in Mg/I

B Wet season

point point point point point point point point
1 2 3 4 5 6 7 8

Sampling Points

Bar charts showing seasonal variation on sulphate

Fluoride (mg/l):- Results of Fluoride ranged between (0.90 to 1.70 mg/l) in the dry season and (0.90 to
2.60 mg/l) in the rainy season respectively. Points 1, 2 and 6 revealed higher values of fluoride in the dry
season while point 3, 4, 5, 7 and 8 revealed lower values in the dry season. In comparison with the rainy
season, points 3, 4, 5, 7 and 8 had the higher values and points 1, 2 and 6 had the lower values. This
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implied that, concentration of fluoride is slightly higher in the rainy season. However, the result of t-test
showed insignificant seasonal variation between the two seasons. Comparison of fluoride result with the
water quality standards revealed that, points 1, 2, 3, 4, 5, 6 were found within NIS (2007) and FME
(1997) water quality standards in the dry season. Points 7 and 8 slightly deviated from standard in the
rainy season, points. 1, 2, 3, 4, and 5 were within the recommended NIS (2007) and FME (1997)
standards of (1.50 mg/l). Points 6, 7 and 8 were found above the recommended level.

Fluoride
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Fluoride in Mg/l

H Rainy season
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Sampling Points

Bar charts showing seasonal variation on fluoride

Phosphate (mg/l):- The phosphate value of the water sample was found to be in the range of (0.11 to
0.53 mg/l) in the dry season and (0.12 to 0.72 mg/l) in the rainy season. Range of phosphate values was
slightly higher in the rainy season than dry season. The result of t-test showed insignificant seasonal
variation between the two seasons. All the results of phosphate had compared well with NIS (2007) and
FME (1997) water quality standard of (0.50 mg/l). The exception was only point 7 that was found
slightly above the recommended standard with (0.53mg/l) in the dry season and (0.72mg/l) in the rainy
season. The comparison of the results of phosphate with water quality standard signified that, most of
the water samples analysed were safe for human consumption. This is similar to the finding of Yisa et al
(2012).

Phosphate
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Bar charts showing seasonal variation on phosphate
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Magnesium (Mg/L):- Concentration of magnesium ranged from (20.51 to 50.79 mg/l) in the dry season
in the order p8 < p3 < p4 < p5 < p2 < pl < p6 and p7. Point 8 had the lowest value of (20.50 mg/l) and
point 7 had the highest value (50.79 mg/l). During wet season, the concentration of magnesium ranged
from (16.60 to 38.09 mg/l) in the order p3 < p5 < p2 < p7 < p4 < pl <p8 and p6. Point 6 had the highest
value of (38.09 mg/l) and point 3 had the lowest value of (16.60 mg/l). The values of magnesium were
slightly higher in the dry season than in the rainy season. This was in accordance with Das et al (2014).
Results of t-test indicated that, there was insignificant seasonal variation in the quality of water between
the two seasons. The results from all the points across the two seasons were accommodated by WHO
(2006) drinking water standards of (50 mg/l) as against Nwaichi et al (2013). This indicated that, the
water sources are safe for human consumption based on magnesium concentration.

Magnesium
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Bar charts showing seasonal variation on magnesium

Iron (mg/l):- The results of iron ranged from (0.20 to 0.50 mg/l) in the dry season. Points 5 and 6 had the
highest values of (0.50 mg/l). Next to them were point 8 (0.40 mg/l), point 4 (0.30 mg/l), points 3 and 7
(0.20 mg/l), point 2 (0.13 mg/l) and point 1 with the lowest value (0.10 mg/l). In the rainy season the
values of iron ranged from (0.01 to 0.60 mg/l). Point 6 had the highest value (0.60 mg/l) followed by
point 4 (0.40 mg/l), point 1 (0.30 mg/l), point 3 (0.25 mg/l), point 2 (0.20 mg/l), points 7 and 8 (0.03
mg/l) and point 5 with the lowest value (0.01 mg/L). Values of iron from points 1, 2, 3, 4 and 5 were
higher in the rainy season whereas point 6, 7 and 8 were lower and vice-versa. The results of iron
between the two seasons did not show significant seasonal variation. All the results of iron across the
seasons compared well with FME (1997) standard of (1.0 mg/L). According to NIS (2007) and WHO
(2006) standards of (0.03 mg/L), points 1, 2, 3, 4 and 7 were found within standard, sample 5, 6 and 8
were slightly above standard in the dry season. With the exception of point 4 (0.4 mg/l), all the points had
fallen within the recommended standard of (0.30 mg/l) in the rainy season.
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RESULT

Results of sulphate, were at their maximum during dry season with insignificant seasonal variation. All
results for sulphate were found within the recommended water quality standards set by WHO (2006),
FME (1997) and NIS (2007). Fluoride’s results were found slightly higher in the rainy season with
insignificant seasonal variation. The values of fluoride were found within NIS (2007) & FME (1997)
standard in the rainy season except points 7 and 8. In the dry season, points 1, 2, 3, 4, & 5 were found
within NIS (2007) & FME (1997) standard while point 6, 7 & 8 were above recommended threshold.
Phosphate values were slightly higher in the rainy season with insignificant seasonal variation. With the
exception of point 7 all the values of phosphate from all the points matched well with the recommended
NIS (2007) and FME (1997) standards. The results of magnesium were slightly higher in the dry season
with insignificant seasonal variation. Values of magnesium across all the points were found within the
recommended WHO (2006) standard of (50 mg/L). In the case of iron, higher values were obtained from
points 1, 2, 3, 4, and 5 in the rainy season and points 6, 7 and 8 in the dry season.

Results of iron showed insignificant seasonal variation. All the points compared well with FME (1997)
standard in both rainy and dry season. Points 1, 2, 3, 4, and 7 were found within WHO (2006) & NIS
(2007) standards in dry season where as in the rainy season, only point 4 deviated from WHO (2006) and
NIS (2007) standards.

CONCLUSION

The quality of water varies slightly with the season. Some parameters recorded maximum levels in the
dry season and others were at their maximum in rainy season. Fluoride 1.48mg/l), Phosphate (0.3mg/l)
and Iron (0.23mg/l) were found slightly higher in the rainy season than in the dry season. Those of
sulphate 35.88mg/l) and magnesium (30.97mg/l) were found slightly higher in the dry season than in the
rainy season. However in both the two seasons, most of the parameters did not deviate from
recommended water quality standards for drinking. According to the t-test conducted all the parameters
showed insignificant seasonal variation. The results of parameters from eight sampling points were
accurately compared with water quality standards recommended by WHO (2006), NIS (2007) and FME
(1997). The comparison revealed that, most of the water quality parameters studied were found within
the recommend levels. Thus, most of the water sources were safe for human consumption.

Based on the result analyzed and discussed, it may be concluded that, water quality in the study area
varies slightly with the season as all the parameters showed insignificant seasonal variation and most of
the water sources studied were found suitable for human consumption.

RECOMMENDATIONS
» There is the need for regular monitoring and evaluation of water quality parameters to ascertain
their eligibility for human consumption and other uses.
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> More treatment should be given to the water sources especially during rainy season to meet the
required standard.

» Well water should be properly covered, as some of the wells in the study area are open
throughout the year.

> Well water was found to have some casualties compared to other sources, so it should be
properly treated before consumption.

> Boreholes should be maintained regularly, because many boreholes were not functioning during
the research work.

» This research covered some drinking water quality parameters, many parameters were not
touched. There is the need to carry out more researches so as to cover more parameters.

» Demand for water is increasing at an alarming rate due to rapid population growth in the city.
More boreholes and reservoirs should be drilled or constructed across the study area in order to
boost water supply to meet the current demand for water.
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