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ABSTRACT

This study aimed at assessing the effectiveness of solar distillation in purification of water. The water
sample collected from Aiba stream was subjected to double slope solar water distillation unit. The physico-
chemical characteristics of the raw sample and the distillate were determined using standard methods. The
results showed that there were variations between raw sample and the distillate. The pH, temperature and
conductivity mean values for raw water and distillate were 9.20 + 1.10; 30.70 £ 0.71; 240 = 14.14 and 8.10 +
1.06; 25.1 £ 0.57; 110.00 + 14.14 mg/L, respectively. The S0,%, PO,*, CI', NO; mean values for raw water
sample and distillate fell in the range 33.10 - 53.40 + 0.57- 1.27 and 17.20 - 28.40 + 0.14 - 0.85 mg/L,
respectively. The TDS, TSS, BOD, COD mean values of raw water sample and the distillate were 68.70 + 0.42;
50.10 £ 0.42; 8.20 £ 0.57; 52.20 = 0.85 mg/L and 52.10 + 0.57; 42.20 + 0.57; 5.30 + 0.57; 37.40 = 0.71 mg/L,
respectively. The mean values for the distillate were lower compared to raw sample. Hence, double slope solar
water distillation unit might be a very good mechanism for producing portable water.
© 2016 International Formulae Group. All rights reserved.
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INTRODUCTION

Water is an essential natural resource
for sustaining life and environment and has
always been thought to be available in
abundance and a free gift of nature (Dikio,
2010). It is used in various ways for
domestic, industrial and agricultural
purposes. As important as it is to life, it is
one of the most poorly managed resources
in the world (Fakayode, 2005). The
provision of portable water to the rural and
urban population is necessary to prevent
health
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hazards (Lemo, 2002). Natural water contains
some types of impurities whose nature and
amount vary with source of water.

One of the most critical crises in
developing countries is the lack of adequate
portable water. The supply of drinking water
has become one of the major concerns of the
population and the availability of good quality
water is an indispensable feature for preventing
diseases and improving quality of life (Oluduro
and Aderiye, 2007; Djossou et al., 2015).

However, poor water quality remain a

2546-1JBCS



A. A. OLANREWAJU and J. A. OYEWOLE / Int. J. Biol. Chem. Sci. 11(5): 2421-2429, 2017

major health threat (Akindele and Olutona,
2014).The usual source of drinking water is
from streams, rivers, wells and boreholes
which  are  usually not treated.
Unfortunately, clean, pure and safe water
only exists briefly in nature and is
immediately polluted by prevailing
environmental factors and anthropogenic
activities largely caused by the poor and
uncultured living habit of people as well as
the unhealthy practices of factories,
industries and agricultural practices,
resulting in the discharge of effluents and
untreated wastes into streams, rivers and
underground water (Kaizer et al., 2001;
Obasi and Balogun, 2001; Ovrawah and
Hymore, 2001; Dan et al., 2013; Hisseien
et al., 2015). The water meant for drinking
and domestic purposes must meet laid
down local and international standards,
hence the consumer stand the risk of water
borne  diseases = (Nwankwoala  and
Nwagbogwu, 2012). Water from most
sources is therefore unfit for immediate
consumption without some sort of
treatment. Ideally, the quality of waters
should be assessed by the use of physical,
chemical and biological parameters in
order to provide a broad spectrum of
information  for  appropriate  water
management (Akindele et al., 2015). A
good knowledge of the chemical qualities
of raw water is necessary so as to guide its
suitability for use. Thus, regular physico-
chemical analysis of water at source must
be carried out to determine or check the
effectiveness of treatment process.

Various means and methods had been
employed in water treatment in order to
make it good and portable. Apart from
simple distillation process, solar distillation
is quite an old technology that can be dated
back to over five centuries. It came to use
as far back as 1551 by Arab alchemists.
Over the years many solar plants and

individual stills have nevertheless, the acute
shortage of a good and clean portable water is
still a major problem particularly in the rural
areas of the developing countries like Nigeria;
this make the efforts to improve on this old
technology inevitable. Therefore, this work
presents the physico-chemical characteristics of
raw water sample of Aiba stream in Iwo and
the distillate gotten from it using a double slope
solar distillation unit.

MATERIALS AND METHODS
Description of study area

The study was conducted along the Aiba
stream in the ancient town of Iwo. Aiba stream
was an outlet of Aiba reservoir (Figure 1). The
stream drains through Kuti road, Oweyo and
Oke-Afo before empties itself into Oba river.
The location considered in this study is Oweyo.
This area lies between latitude 07° 37' 41.0" N
and longitude 04° 11' 0.75" E with elevation of
226 m. This area is along the major road
leading to Bowen University, a faith-based
private institution. Notable activities within this
vicinity are filling station, car wash services,
irrigation practices and motor park (Atobatele
and Olutona, 2013).

Sample collection

The water sample was collected using
pre-treated 5 Litres water plastic container.
Prior to this, the sample container was soaked
in 10% Nitric acid for 48 hours after which it
was rinsed with water and distill water
respectively. The water sample container was
also rinsed thrice with the stream water before
collection. To maintain the physical properties
of the water and to inhibit the growth of
bacteria, the water sample was stored in
refrigerator prior determination. The distillate
was also collected after the raw water sample
was subjected to the double solar distillation
unit constructed.
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Determination  of
parameters

The pH, water temperature and
conductivity were determined in situ. The
pH was determined using digital pH meter
(Eutech Instrument, Malaysia), while
conductivity and water temperature were
determined using EC Testr 2 dual range
conductivity meter.

Total suspended solid (TSS), total
dissolved solid (TDS) and total solids (TS)
were determined using  gravimetric
methods as described in APHA (1998).
Chemical oxygen demand (COD), Total
organic Matter (TOM) and Total hardness
(TH) were also determined using APHA
(1998). Chloride, phosphate and nitrate
were determined wusing argentometric
titration, colorimetric technique and screen
ultraviolet methods, respectively. Modifies
Winkler's method was used to determine
the Biological Oxygen Demand (BOD) and
sulphate was determined using
turbidimetric method (Ademoroti, 1996).

physico-chemical

RESULTS AND DISCUSSION

The results of physico-chemical
parameters for both raw water sample and
the distillate are presented in Table 1.

Physical parameters
Temperature

Water temperature is important for
its effects on the chemical and biochemical
reactions in organisms (Jayalakshmi et al.,
2011). The temperature values for the raw
sample and the distillate were 30.70 + 0.71
and 25.01 + 0.57 °C, respectively (Table
1).

The water sample temperature was
found to be higher than the 25 °C
recommended for drinking water by WHO
(2006); while that of the distillate falls
within the range. The higher temperature of
the raw sample could be attributed to the
time and season of collection (peak of
dry season).

The reduced temperature of the
distillate was probably due to the cooling
processes the sample had undergone during the
solar distillation and this has also removed the
settling solids that the water contain since
temperature of water affects the efficiency of
treatment units and low temperature increases
the viscosity, which in turn diminishes the
efficiency of settling the solids that the water
may contain because of the resistance that the
high viscosity offers to the downward motion
of the particles as they settle (Jayalakshmi et
al., 2011).

PH

pH is a measure of acidity and alkalinity
of a solution and it is calculated as the negative
logarithm of hydrogen ion concentration
(Jayalaskhmi et al., 2011). pH is one of the
most important operational water quality
parameters. The pH value for raw water and
distillate were 9.20 + 1.10 and 8.10 = 1.06,
respectively (Table 1). This result shows that
both values were alkaline but raw water was
more alkaline than the distillate water, which
might be attributed to the presence of ions in
the raw water sample. This observation
confirm the previous studies on physico-
chemistry of Aiba stream by Atobatele and
Olutona (2013) who reported that pH value of
Aiba stream was slightly alkaline. The
distillate pH value falls within the WHO
recommended value for drinking water
compared to the raw water sample pH which
was above the recommended value. The
alkaline nature of these samples might due to
presence of solid wastes and ions such as
calcium and magnesium (David, 2004).
Atmospheric deposition resulting from heavy
traffic flow along this sample location might
also be a contributory factor to the suspended
matter in the water body.
Conductivity

The electrical conductivity (EC) of a
water body is very vital in determining the
water quality. It is directly related  to
the concentrations of ionized substance
in the water and a measurement of
water's current. Also, levels affected by
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the electrical conductivity of water are a
direct function of its total dissolved solids,
organic matters and temperature
(Jayalakshmi et al., 2011). Conductivity
value for raw and distillate water were
240.00 + 14.14 and 110.00 + 14.14 pS/cm,
respectively (Table 1). This study revealed
that the electrical conductivity value in raw
water was twice that of the distillate. This
could be attributed to the fact that most of
the suspended matter have been removed
as a result of solar distillation.
Conductivity values for both the raw water
sample and the distillate were lower than
recommended standard of 1000 uS/cm for
drinking water by WHO (2011) and
Nigerian Standard for Drinking Water

Quality.

Chemical parameters
Sulphate

Sulphate is a stable, highly oxidized,
soluble form of sulphur, which is generally
present in natural surface and ground waters
(Jayalakshmi et al., 2011). When water is
overloaded with organic waste to the point
that oxygen is removed, sulphate being an
electron acceptor is often wused for
breakdown of organic matter to produce
hydrogen sulphide (H,S), which gives a
rotten egg smell. The presence of sulphate
in drinking water can cause noticeable taste,
and very high levels might cause a laxative
affecting unaccustomed consumers (WHO,
2011). The Sulphate mean values for the
raw water sample and the distillate were
33.10 + 1.27 and 28.40 + 0.85 mg/L
respectively.

This result showed that sulphate
value for raw sample was higher than that
of the distillate. Though, the two values
were below the recommended value of 250
mg/L by WHO (2011). This higher value
for the raw water sample might due to
contamination of the stream with sulphate
containing waste being dumped into it,
since the sample location is very close to

car wash, houses, filling station etc. and it has
been established that sulphate levels even in
natural water can increase due to industrial
contamination with sulphuric acid, bisulphate
and aluminium sulphate used in water
purification plants (Jayalakshmi et al., 2011).
Phosphate

Phosphate and nitrate estimation are
important in evaluating the potential biological
productivity of surface water (Vankatesharaju
et al,, 2010). Anthropogenically, phosphate
comes from industrial wastes, fertilizers,
pesticides, and cleaning compounds. Natural
sources of phosphate include phosphate
containing rocks and solid or liquid wastes
(Jayalakshmi et al., 2011). The phosphate
values of both raw sample and the distillate
were 53.4 + 0.85 and 20.70 £ 0.42 mg/L
respectively  (Table 1). Therefore, the
phosphate value of the distillate is lower than
that of the raw water sample, though, the value
does not falls within the recommended WHO
value of 2.2 mg/L. This lower value of the
distillate could be attributed to the removal of
some of these wastes as impurities in the raw
sample by the solar distillation processes.
Nitrate

The most highly oxidized form of
nitrogen in the nitrogen cycle, which includes
activities in the atmosphere, hydrosphere and
biosphere is nitrate (Edema et al., 2001). High
concentration of nitrate in drinking water may
cause methemoglobinemia in small children
(Olutona et al,, 2012) and therefore, its
concentration in public water supplies should
be monitored correctly. This study reveals that
the nitrate value for the distillate is lower
(17.20 £ 0.57 mg/L) than that of the raw
sample (37.60 + 0.85 mg/L), though both were
below the recommended WHO standards of 50
mg/L.
Chloride

Chlorides are generally present in

natural water in widely varying concentrations.
Excessive chloride in potable water is not
particularly harmful and the criteria
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set for this anion are based primarily on
palatability potentially  high
corrosiveness (Bhujangaiah and Nayak,
2005). This could be attributed
dissolution of salts deposits, domestic and
industrial sewage discharge of effluent etc.
The results of the mean value of the raw
sample and the distillate were presented in
Table 1 and Figure 1. The raw water sample
value was 43.30 + 0.57 mg/L while that of
the distillate was 28.10 + 0.14 mg/L.
Though, high chloride content gives a salty
taste to water, but these values were below
the recommended WHO standard of 250
mg/L.

Biochemical Oxygen Demand (BOD)

Increasing organic matter results in
the excess oxidation of organic matter to
carbon (iv) oxide and the water creates an
atmosphere of oxygen depletion leading to
higher BOD levels (Jayalakshmi et al.,
2011). Increase in BOD can be due to heavy
discharge of industrial waste water effluent,
and crop waste and domestic
sewage. The BOD value of raw sample was
higher (8.20 £ 0.57 mg/L) than that of the
distillate (5.30 + 0.57 mg/L) which was very
close to the WHO recommended value of
6.0 mg/L. It is important to note that low
BOD content is an indication of good
quality water while a high BOD indicates a
polluted water. BOD directly affects the
amount of dissolved oxygen (DO) in rivers
and streams. The greater the BOD, the more
rapidly oxygen is depleted in the water.
Higher content of organic load as well as the
high proliferation of micro-organisms might
be the causative factors for maximum BOD
levels in the raw sample (Shukla et al.,
1989).

Chemical Oxygen Demand (COD)

COD is a measure of the amount of
oxygen required for complete oxidation of
carbon content of organic matter present in
a sample of water, waste water or effluent

and its

to

animal
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by a strong chemical oxidant to produce CO,
and water (Kumar and Bahadur, 2009). It is a
fact that all organic compounds with a few
exceptions can be oxidizing agents under the
acidic condition. COD test is used to measure
the load of organic pollutants in ordinary water
sample or industrial waste water. It is also
useful in pinpointing toxic condition and
presence of biological resistance substances.
Both the COD and BOD values are a measure
of the relative oxygen-depletion effect of a
water sample and waste contaminant
(Jayalakshmi et al., 2011). In Table 1, Our
study revealed that the distillate has a lower
COD value (37.40 + 0.71 mg/L) compared to
the raw sample value (52.20 = 0.85 mg/L).
Total Suspended Solids (TSS)

Total Suspended Solids (TSS) play an
important role in water and waste water
treatment. Suspended solid do not mean that
they are floating matters and remain on top of
water layer. They are under suspension and in
water sample (Kavitha et al., 2012). The
presence of suspended solid in water sample
causes depletion of oxygen level (Kavitha et
al., 2012). The determination of TSS in both
the raw sample and the distillate show that the
mean value of the raw water sample and the
distillate were 50.10 + 0.42 mg/L and 42.20 +
0.57 mg/L respectively (Table 1). These two
values were below the recommended WHO
standard value of 500 mg/L.

Total Dissolved Solids (TDS)

The total solid concentration in raw
water sample represents the colloidal form and
dissolved species (Gupta and Kumari, 2015).
The values for the TDS determination of raw
water sample and the distillate are shown in
Table 1 and Figure 1. The raw water sample
value was 68.70 + 0.42 mg/L while that of the
distillate was 52.10 + 0.57 mg/L. The lower
value of the distillate compared to that of the
raw sample might be attributed to reduction or
removal of dissolved particles and impurities
by the solar distillation processes. Though, the
two values were below the recommended
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WHO standard value of 600 mg/L.
Total Hardness (TH)

Total hardness is the hardness of the
mineral content of water that is irreversible
by boiling. The total hardness can be
equivalent to the total calcium and
magnesium hardness. High hardness can
result in abnormal cloudiness and heat
insulating scales in the boilers reducing their
efficiency (Kumar and Bahadur, 2009).
However, levels of hardness that are too low
could make the water corrosive and more
aggressive (corrosionpedia). It is also a
measure of capacity of water to precipitates
the soap. Soap is precipitated mainly by
calcium and magnesium present in
polyvalent cation and they are in complex
forms frequently with organic
constituents (Jayalakshmi et al., 2011).

Similarly, in most fresh water, total hardness is
imparted mainly by calcium and magnesium
ions, which apart from sulphate, chloride and
nitrate are found in combination with
carbonates and bicarbonates (Sangpal et al.,
2011). The mean TH wvalues for the raw
sample and the distillate were 580.00+14.14
and 248.10+1.27 mg/L respectively (Table 1).
The high value of raw water sample confirmed
the hardness of the water due to the presence
of the mineral ions (Ca’" and Mg*") in it from
the source while the lower mean value of the
distillate (248.10+£1.27 mg/L) which was
almost half the recommended WHO standard
value of 500 mg/L might substantiate the
removal of these ions by the solar distillation
set-up.

Table 1: Physicochemical parameters of the raw sample and the distillate.

Physico-chemical Raw sample Distillate WHO
parameters Min - max Mean/SD Min max Mean/SD limits
pH 8.42-9.98 9.20+1.10 7.35-8.85 8.10+1.06 6.5-8.5
Temperature (°C) 30.20-31.20 30.70+0.71 24.70-25.50 25.10+£0.57 <25.0
Conductivity(nS/cm) 230-250.00 240.00+14.14 100-120.00 110.00+14.14 1000
SO, (mg/L) 32.20-34.00 33.10+1.27 27.80-29.00 28.40+0.85 250
PO,” (mg/L) 52.80-54.00 53.40+0.85 20.40-21.00 20.70+0.42 2.20
NO; (mg/L) 37.00-38.20 37.60+0.85 16.80-17.60 17.20+0.57 50
CI' (mg/L) 42.90-43.70 43.30+0.57 28.00-28.20 28.10+0.14 250
BOD (mg/L) 7.80-8.60 8.20+0.57 4.90-5.70 5.30+0.57 6.0
COD (mg/L) 51.60-52.80 52.20+0.85 36.90-37.90 37.40+0.71

TSS (mg/L) 49.80-50.40 50.10+0.42 41.80-42.60 42.20+0.57 500
TS (mg/L) 41.80-42.40 42.10+0.42 32.90-33.70 33.30+0.57 500
TDS (mg/L) 68.40-69.00 68.70+0.42 51.70-52.50 52.10+0.57 600
TOM (mg/L) 1.04-1.70 1.37+0.47 0.08-0.12 0.10+0.03

TH (mg/L) 570-590.00 580.00+14.14  247.20-249.00 248.10+1.27 500

SD: Standard Deviation; Min: Minimum values; Max: Maximum values;
milligram per litre; pS/cm: micro Siemens per centimeter.
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Figure 1: Map of Aiba stream, Iwo, Osun state, Nigeria (adapted from Akindele and Liadi, 2014).

Conclusion

The study has shown that Aiba
stream is poor in terms of physico-chemical
water quality as a result of anthropogenic
activities. It also revealed the effectiveness
of solar distillation in purification of water
and as a useful means of producing portable
water. The results showed that most of the
parameters analyzed for the distillate had the
mean values that fall within the permissible
WHO standards for drinking water, while
some were very close and some were below.
Those mean values that were out of range of
WHO recommended limit for the distillate
were still better compared to the raw water
sample values. Therefore, these findings
suggest that the double slope solar
distillation unit would be a useful means of
providing portable water for rural and urban
areas.
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