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Abstract

The physico-chemical and algal properties of eight different sachet water factories (reservoir tanks), in
urban, Kano were evaluated monthly for a period of six months to ascertain compliance with
recommended standard of World Health Organization (WHQO) and National Agency for Food and
Drug Administration and Control (NAFDAC). Parameters like temperature, pH, and electrical
conductivity were determined using instrumental methods. Turbidity, nitrate, phosphate and chloride
were determined using spectrophotometric methods. Dissolve oxygen and biochemical oxygen demand
were determined using standard titrimetric methods. The study revealed that, the levels of
temperature (27-29°C) and concentration of nitrate (0.4-1.0mg/l), phosphate (0.1-0.7mg/l), chloride
(2.0-4.6mg/l), electrical conductivity (67.0-128.0us/cm), dissolved oxygen (4.0-6.0mg/l) and
biochemical oxygen demand (2.0-3.0mg/l), pH (7.0-7.3),were within WHO standards (also adopted
by NAFDAC). The levels of turbidity were found to be high in some factories. Thirteen algal species
were identified which belong to four families of algae, Bacilariophyceae 23% (Navicula sp., Fragilaria
sp., and Synedra sp.), Cyanophyceae 23% (Agmenellum sp., Oscillatoria sp., Geleocapsa sp.),
Euglenophyceae 8% (Euglena wiridis), Chlophyceae 46% (Chlorella sp., Chlorococcus sp.,
Selenastrum sp., Spirogyra sp., Zyganema sp.). A positive relationship exists between algal species
and turbidity, nitrate and temperature indicating that these parameters favored the distribution of
algal species. The presence of Cyanophyceae is a matter of concern since this family of algae release
toxic substances in water, and their presence indicates water pollution. There is a need to assess and
monitor algal growth in water reservoir tanks of sachet water factories to ascertain the species and
estimated density of algae which is important to reduce impact of toxigenic algae in water reservoir
tanks.
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INTRODUCTION

Good quality water is odorless, colorless, tasteless, and free from faecal pollution
(Ezeugwunne et al., 2007). A reliable supply of clean wholesome water is highly essential in
the bid to promoting healthy living among the inhabitants of a defined geographical
region.Water is present in almost all parts of the earth, it makes up %l of the entire earth
surface which occur in three state; vapour, liquid, and solid. It is mostly needed by all forms
of life, man, animals, and plant, water constitutes a sizeable percentage of our daily food
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intake as human bodies do not have reserve supply and due to its natural abundance, it is
considered as universal solvent (Nwosu et al., 2004).The human body comprises of 65%
water, as such needs at least two litters of water a day (WHO, 1999). Increase in the human
population has exerted an enormous pressure on the provision of safe drinking water in
developing countries (Umeh et al.,, 2005). To curb this health problem, bottled water was
introduced, but only individuals who have a good financial status can afford it. However,
low income earners are left with no option but to consume sachet water which is cheaper
and readily available and affordable; sachet water is sold in most road side vending food
stalls in Nigeria. Apart from environmental contaminants, contamination from improper
vendor handling also poses threats to the health of the ignorant consumers who drink often
time without any proper cleaning of the sachet. Previous studies have identified handling as
the source of infection in food and water borne diseases in several countries (Dada, 2009).
There are many different brands of sachet water that are beautifully packaged, properly
labeled and advertised,although these products are popularly called “pure water’, they are
usually not free of microbial contaminants (Oladipo et al., 2009).

Drinking water system have a complex structure and are characterized by the absence of
light, the presence of disinfectant and by low levels of nutrient. Several kind of bacteria,
algae and fungi can be found in tap water and reservoirs. Little is known about the ecology
of algae in drinking water system, although their capacity to modify taste and odor has been
described (Francesc and Anna, 2003). Increase in toxic algal blooms in fresh water, lakes has
been a major concern for small communities that rely on them for drinking water supply
(Walker, 2015; Uche et al., 2017). According to Mohamed et al. (2015)., there are about 3000
known species of cyanobacteria (blue-green algae) but not all produce toxins that may
present a hazard for drinking water safety. These toxins are structurally diverse and their
effects range from liver damage, including liver cancer, to neurotoxicity. The occurrence of
cyanobacteria and their toxins in water used for the production of drinking water poses a
technical challenge for water utility managers (Lan & Andrew, 2005; Xuexing et al., 2016).
The concentration of cyanobacteria has been reported to increase in treated water relative to
raw water source for small water treatment plants. Cyanobacterial toxins enter raw water
supplies after lysis of cyanobacterial cells, as induced by water collection and treatment
activity resulting in release of toxins in finished treated water, the toxins cannot be removed
by conventional treated methods (Szlag et al., 2015; Zamyadi et al., 2012).Rapid increase in
consumption of sachet water popularly known as pure water led to proliferation of sachet
water factories all over urban Kano.The research aimed at determining the physicochemical
parameters and algal species of reservoir tanks of sachet water factories in Kano metropolis.

MATERIALS AND METHODS

Area of study

The study was conducted within Kano metropolis it lies from latitude 11° 52' 00" -12° 07' 00"
N and longitude 08° 22' 05" - 08° 47' 00" E (Kibon & Ahmad, 2013). Eight different factories
of sachet water (pure water) was randomly selected from Chiranchi, Dukawuya, Zoo Road,
Sharada, Gaida, and Zawachiki areas of Kano metropolis.

Sample Collection

Water samples was collected on monthly basis from reservoir tanks of sachet water from
April 2013 to September 2013 between the hours of 8am - 11am,Three samples each of seven
different factories of sachet water samples was collected from the reservoir tanks in Kano
metropolis. The temperature of the water samples was taken on site with a hand held
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thermometer. Water sample was collected into sterilized container with air tight screw and
labelled as site A, site B, site C, site D, site E, site F, site G and site H.Taste and odor were
analyzed by physical observation, using sensory organs. Water samples was transported in
a sampling box containing ice park prior to analysis.

Physico-chemical analysis

On arrival at the departmental laboratory, the pH was determined using dip-in mobile
battery operated pH meter, and electrical conductivity of the water samples was determined
using EC/TDS bench meter; model (Hach-CO150) as described by APHA (1999). Dissolved
Oxygen (DO) and Biochemical Oxygen Demand (BOD) were determined using Wrinkler’s
titrametric method. The electrical conductivity (EC) was determined using EC/TDS bench
meter; model (Hach-CO150) as described by APHA (1999). A multifunctional
spectrophotometer model (DR/2010) was used to determine the level of turbidity, chloride,
nitrate and phosphate from the water samples.

Phytoplankton Identification

A slide of each sample was prepared in triplicate. A drop of sample was placed on sterilized
slide covered with a slip and observed under the microscope. Phytoplankton’s species were
identified and counted by the use of binocular light microscope, the number of algal species
in the mount was also noted. Identification was through comparative morphology and
description using relevant books and phycological keys described by (Palmer 1980; Patrick
and Reimer 1996; Bellinger and Siegee, 2010).

RESULTS AND DISCUSSION

Physico-chemical Parameters

The results of physicochemical and biological properties of water from reservoir tanks of
sachet water factories are presented in Tables 1,2 and 3.

Table 1: Physically observed condition of water reservoir tanks of different sampling sites

Sample Source of Water Tank Color Taste Odor

Site A Challawa treatment plant black and green Unobjectionable Unobjectionable
Site B Borehole black and white Unobjectionable Unobjectionable
Site C Borehole Black Unobjectionable Unobjectionable
Site D Challawa treatment plant Black Unobjectionable Unobjectionable
Site E Challawa treatment plant Black and green Unobjectionable Unobjectionable
Site F Challawa treatment plant Black Unobjectionable Unobjectionable
Site G Challawa treatment plant Black and blue Unobjectionable Unobjectionable
Site H Challawa and Tamburawa Black Unobjectionable Unobjectionable

treatment plants

Water is supposed to be odorless and colorless (Bernardes and Rodrigues, 2014). All water
samples collected from reservoir tanks of sachet water factories were odorless and colorless.
The color of water may show physical, chemical and biological state of the water.Similarly
50% of selected sachet water factories use only black tanks as reservoir and 50% were found
to alternate with colored tanks, it also show that Challawa and Tamburawa treatment plant
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serve as source of water for six factories and two factories use borehole as their source of
water.

Table 2: Physico-chemical parameters of water samples

Parameter Sachet Water Factories Established Standards
iite 1S;ite zite ]S:)ite ]SEite lS:ite Zite IS_Iite WHO/NAFDAC

Temperature (°C) 280 270 280 280 280 280 290 280

Turbidity (FAU) 270 5.0 1.0 420 91 1.3 39.0 420 10.0

pH 7.1 7.0 7.0 7.0 7.3 7.0 7.1 7.0 6.5-8.5

EC(uS/cm) 670 960 8.0 870 1280 880 83.0 692 NA

DO (mg/1) 42 5.0 5.4 6.0 4.0 5.0 51 4.0 5.0-7.0

BOD(mg/1) 24 3.0 2.0 21 2.0 22 3.0 2.0 1.5

Nitrate(mg/1) 0.6 0.5 0.4 0.4 1.0 0.5 0.5 1.0 10.0

Phosphate (mg/1) 0.7 0.3 0.4 0.2 0.5 0.2 0.5 0.1 10.0

Chloride (mg/1) 3.4 43 3.0 2.8 4.6 2.0 3.0 3.0 350.0

Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD), Electrical Conductivity (EC).

The physico-chemical parameters of water reservoir tanks of sachet water factories shew
variation, these variations might be associated with the type of water used (boreholes and
water from treatment plant). The surface water temperature in this study ranges between
27°C to 29°C Meteorological conditions such as trade winds, duration of sunshine and
absorption of the solar radiation by the reservoir water and time of sampling which was
between 8:00am to 11:00am might be responsible for these variations,Though there is no
recommended value for temperature. The value of turbidity recorded throughout the period
of this investigation was 0.1 to 42.0 FAU. The turbidity value obtained in this study was
found to be higher in some sites than (WHO/NAFDAC) guideline of 10 FAU for turbidity in
drinking water. The highest turbidity was observed at site H these indicate that site H
received their water through some broken pipe which allows clay and other particles to mix
with water. Turbidity is the physical property of water which reduces light transmission due
to absorbance and scattering by solid particles in suspension. Materials that cause turbidity
include clay, silt finely divided organic and inorganic matter, planktons and microscopic
organisms. These can come from soil erosion excess nutrients, various wastes and pollution
and the action of bottom feeding organisms.

The pH as a water quality index, water from reservoir tanks of sachet water factories that
were investigated ranges between (7.0 to 7.5). All samples fall within the recommended
standard of (7.5 -8.5). The result of this study shows that the pH of water in reservoir tanks
of sachet water factories under study was found to fall within the recommend standard for
drinking water set by (WHO/NAFDAC).

The electrical conductivity varies from 67.5 to 128 uS/cm. The lowest value was recorded in
site A and highest value was observed in site E, electrical conductivity being an indicator of
water quality measures ability of water to conducts electrical current. The low conductivity
might be responsible for soft nature of the water. Increase in conductivity value recorded at
some site could be due to chlorination that take place in the reservoir tanks to disinfect the
water. All values of electrical conductivity recorded in this study were found to be within
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the recommended standard of drinking water set by regulatory agency of 1200 uS/cm, by
(WHO/NAFDAC).

Dissolved gases in water considerably influence the life of aquatic organisms. The solubility
of these gases decreases with increase in temperature. Solubility of gases is a bit greater in
freshwater than in saline environments (APHA, 1998). Dissolved oxygen is an important
indicator of water quality ecological status, productivity and health of a reservoir. On the
average, the lowest and highest recorded dissolved oxygen concentration throughout the
period of this investigation were 4.0 - 6.0mg/l. This indicates that the reservoir water is
unpolluted, dissolved oxygen values recorded in this study were found to be within the
recommended limit for drinking water set by WHO/NAFDAC.The low dissolved oxygen
could indicate high levels of microbial activity and the fact that the reservoir tanks are kept
closed which may prevent atmospheric oxygen to dissolve in the water.

Biochemical oxygen demand varied considerably, in this study BOD value range between
1.5 - 3.3 mg/1 It fall within WHO/NAFDAC regulated limit for drinking water. This shews
that water in reservoir tanks are in good condition and BOD values in this study fell within
the permissible level for drinking water. Chlorination is a process by which chlorine is been
added to water as disinfectant. The lowest and highest recorded value of chlorine
throughout the period of this investigation were 2.0 to 4.68 mg/l. Chlorine ion are non-
cumulative toxins an excess amount of which if taken over a period time can constitute a
health hazard. The values of chlorine recorded was found to be within the limit set by the
regulatory bodies set by WHO /NAFDAC of 250 mg/1.

According to Palmer (1988) nitrate - nitrogen in water is an indication of enrichment from
fertilizer, animal wastes or domestic sewage. The most highly oxidized form of nitrogen
compound is commonly present in surface and ground water because it is the end product
of aerobic decomposition of organic matter. Nitrate value in this investigation fall between
0.4 to 1.0 mg/1. Excess amount of nitrate in water cause an increase in algal growth and in
drinking water can be toxic to human(Adamu and Adekiya, 2010). This shows that the
reservoir water does not contain domestic and municipal wastes that could contain these
elements, however the value of nitrate from water in reservoir tanks of sachet water factories
is within WHO standerd limit.

Phosphorus in fresh water bodies almost always exists solely as phosphates and may enter
fresh water bodies from agriculturally fertilized land, surface run-offs, or from industrial
effluents etc. Phosphate is one of the most important nutrients responsible for
eutrophication in water which increase algal growth. Furthermore, phosphate ion
concentrations obtained throughout the period of this investigation ranged between 0.1
mg/1 to 0.7 mg/1.The values are within the permissible limit of drinking water of 10 mg/1
set by regulatory bodies such as NAFDAC/ WHO (2014).
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Table: 3 Number and types of phytoplankton species found in water reservoir tanks of sachet water
factories

Species Total Relative Abundance %
Euglena sp 8 8.79
Chliorella sp 6 6.59
Chlorococcus sp 9 9.89
Haematococcus sp 5 5.49
Selenastrum sp 7 7.69
Spirogyra sp 20 21.97
Zygnema sp 3 3.29
Navicula sp 5 5.49
Fragilaria sp 6 6.59
Synedra sp 5 5.49
Agmenellum sp 4 4.39
Oscillotoria sp 10 10.98
Gleocapsa sp 3 3.29
Total 91 100

The data obtained from reservoir tanks of sachet water factories show fluctuations in the
algal counts with respect to the abundance of nutrient concentrations. This observation
might have been as a result of the fact that algae have the capacity to modify the
physicochemical characteristics of an aquatic environment; the idea first suggested by the
work of Palmer (1988), when environmental requirements of aquatic organisms become
better known in association with particular water quality, biological indices can become very
useful for detecting changes of sound standards for the protection of beneficial uses of
aquatic resources. A total count of thirteen (13) species of phytoplankton’s were identified
from reservoir tanks of sachet water factories, out of which six (6) species belong to family
chlorophyceae with 46%, and three (3) species belong to family cyanophycea with 23%
followed by family bacillariophycae with 23%, family euglenophyceae having only one
specie with 8% respectively. The occurrence of Euglena sp., Chlorella sp., Chlorococcus sp.,
Haematococcus sp., Selenastrum sp., Spirogyra sp., Zyganema sp., Navicula sp., Fragilaria sp.,
Synedra, sp., Agmenellum sp., Oscillotoria sp. And Geleocapsa sp., throughout the period of this
investigation has been confirmed by Palmer (1988), that they are regarded as freshwater
pollution algae because of the significant role they play in eutrophication process of such
bodies of water. Although Palmar’s pollution tolerant genera list recorded only Oscillatoria
spp as the only toxic algae, the overall study revealed a total of two species. The occurrence
of this group of algae in water is of great concern. Under suitable conditions, Cyanobacteria
can increase to excessive levels and form visible blooms which can adversily affect water
quality. Poor water quality and toxicity can implies Cyanobacteria can cause environmental
problems, disrupt drinking water supplies and water dependent industries, and a risk to
livestock , wild life and human health (Falconer, 1999).The most important environmental
variable influencing the growth of algae are light, temperature and nutrient availability. A
positive relationship exist between algal species and turbidity, nitrate and temperature
indicating that these parameter favored the growth of algal species.
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CONCLUSION

The study revealed that the physical and chemical parameters such as temperature, electrical
conductivity, BO, BOD, phosphate, and chloride was found to be within the permissible
limits of drinking water. Though, the average value of turbidity was found to be a bit higher
in some site. The presence of family cyanophyceae indicated a matter of concern because
these species of algae have the potentials to releases toxic substances in water. The study
provides a baseline data for future evaluation of reservoir tanks of sachet water factories
while recommending government agency like NAFDAC should ensure that package water
factories complied by using only black tanks as their reservoir so as to prevent algal growth.
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