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ABSTRACT 
Consumption of sachet water and the resultant effect on human health have prompted several studies. Quality 

Assessment of various sachet water brands marketed in Bauchi Metropolis of Nigeria was carried out in this 

study. Five sachet water brands (SWB) were selected and evaluated with the paqualab kit for 24 weeks to 

investigate the physico-chemical, microbiological contaminants and to compare the quality parameters with 

public water source (pipe borne water) and the acceptable standards. The physical parameters showed no 

significant difference as observed by the high value of R2. The microbial test revealed bacterial pollution in all 

the sachet water brands. The highest average total coliform of 106cfu/100ml and faecal coliform 53cfu/100ml 

was recorded in pipe borne water. These values were higher than all the acceptable Nigerian standards and the 

WHO. SWB2 has the highest level of contaminants among all the sachet water brands. It is recommended that 

adequate and enough treatments be done to reduce the coliform count to zero before consumption.     
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I. INTRODUCTION 

Water is an essential requirement of life for drinking, domestic, industrial and agricultural uses. Its 

quality and quantity which vary over space and time are important components in the integral 

development of any area.  Any change in the natural quality of water may disturb the equilibrium 

system and it would become unfit for designated uses [1]. 

[2] reported that the protoplasm of many living cells contain about 80 percent water and most of the 

biochemical reactions which occur in metabolism and growth of living cells involve water medium, 

hence it is referred to as universal solvent.  
Introduction of anthropogent chemicals, that have impact on health when present in trace amounts, 

has become a problem [3]. A reliable supply of wholesome water is highly essential to promote 

healthy living amongst the inhabitants of any geological region [4]. The world industrialized standard 

model for delivery of safe drinking water and sanitation technology is not affordable in much of the 

developing world [5].  

[6,7] remarked, that water in sachets is readily available and affordable more than bottled water, but 

there are concerns about its purity. The need to define the quality of water has developed with the 

increasing demand. The available must have specific characteristics, signifying its quality. There has 

been a tremendous increase in the demand for fresh water due to rapid growth of population and the 

accelerated pace of industrialization. 
 Contaminated water still threatens the well being of the population, particularly in under-developed 

and developing countries.  Water quality and quantity are inextricably linked, but quality deserves 

special attention because of its implication on health and life [8]. Every year, thousands of cholera 

cases causing many human fatalities are said to occur in Nigeria and recently it was experienced in 
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Bauchi State. Studies by [9]  has confirmed that in Nigeria water related diarrhea is the most prevalent 

disease among the populace after malaria. The most fundamental need is potable water for drinking 

and domestic purposes which poses no risk to human health. Production, marketing and consumption 

of sachet water have increased tremendously, but the authenticity and safety of most of them are 

questionable because most of the packaged water industries do not follow appropriate methods of 

treatment, even though water from pathogen free sources must be ensured [10] and [11].  

According to [12],  water quality guidelines form basis for judgment of acceptability of public water 

supplies and the most referred is the World Health Organization (WHO). These regulations prescribe 

the physico-chemical and microbiological characteristics (Tables 1 and 2).  

Table 1: Physico-chemical Characteristics of Potable Water 

 Maximum permitted  level (mg/l) 

Parameter Packaged Unpackaged 

Colour 

Taste 

Odour 

Temperature 

Turbidity 

pH  

conductivity 

Chloride 

Fluoride 

Copper 

Iron 

Nitrate 

Nitrite 

Manganese 

Magnesium 

Zinc 

Total dissolved solids 

Hardness (as CaCO3) 

Hydrogen sulphide 

Sulphate 

3.0 TCUa 

Unobjectionable  

Unobjectionable 

Ambient 

5.0 NTUb 

6.5-8.5 

1000µs/cm 

100 

1.0 

1.0 

0.03 

10 

0.02 

0.05 

0.20 

5.0 

500 

100 

0.01 

100 

15.0 TCUa 

Unobjectionable 

Unobjectionable 

Ambient 

5.0 NTUb 

7.0-8.0 

1000µs/cm 

250 

1.0 

1.0 

0.05 

10 

0.02 

0.1 

0.20 

5.0 

500 

150 

0.01 

100 

Source: [13].  a = True Colour Unit, b = Nephelometric Turbidity Unit. 
 

Table 2: Microbiological Characteristic (Cfu/ml) 

Parameter Maximum Permitted Levels 

Total Coliform Count  10 

Faecal Coliform Count 0 

Source: [14] 

 

The objective of this study was to investigate the physico-chemical and microbiological qualities of 

various sachet water brands sold in Bauchi Nigeria for drinking and domestic purposes considering 

the accepted standards.  

II. MATERIALS AND METHODS 

2.1. Study Area  

Bauchi metropolis is located on latitude 100 171 North and longitude 90 491 East. It covers an area of 

35,400sq.km and has about 398,190 inhabitants. It enjoys a total rainfall of up to 1091.4mm annually; 

its hottest month is usually April with an average temperature of 40.50℃. The high temperature of the 

city affects the consumption of sachet water which is always handy. The primary sources of water of 

the area are surface and groundwater. Extensive agricultural production goes on in the region as it lies 

within the sudan savanna vegetation. The geology consists of an ancient crystalline basement 
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comprising of remnants of igneous and highly metamorphous-sedimentary rocks of cretaceous-

tertiary age. The higher areas are characterized by laterite soils while the flood plains are mainly of 

clay and loams.  

2.2. Sampling and Analysis 

Five Sachet water brands (SWB) were selected at random with particular attention to popular brand 

names commonly consumed. These were denoted as SWB1 – SWB5. Samples from each factory were 

collected just immediately after production, labeled, and transferred to  Soil and Water Laboratory of 

the Federal Polytechnic Bauchi for analysis. Samples were stored under the same condition and the 

analysis was conducted for twenty four weeks. Samples from public water supply (tap water) were 

also collected and analysed.  

At the end of analysis, the average values of the monitored parameters were compared with the values 

of acceptable established standards such as Nigeria Industrial Standards [15], [14] and [16].                                                                                                       

III. RESULTS AND DISCUSSION 

3.1. Physico-chemical Quality 

The mean values of physico-chemical parameters determined are presented in Table 3.  

Table 3: Average values (mg/l) of the parameters obtained compared with established standards 

Parameter 

(mg/l) 

Sachet Water Brands (SWB)  Established standards  

SWB1 SWB2 SWB3 SWB4 SWB4 Tap 

water 

NIS SON WHO 

Temp, 0C 27.25 27.60 27.48 27.51 27.57 27.92 23.5 Ambient NA 

pH 7.87 7.80 7.78 7.70 7.80 7.44 7.50 6.5 – 8.5 6.5 – 

8.5 

EC 181.08 254.00 180.00 176.96 181.42 186.38 1000 1000 1500 

TDS 87.35 124.73 87.46 87.19 89.42 91.73 500 500 600 – 

1000 

Total 

Hardness 

69.79 90.08 66.88 65.21 70.54 73.29 100 100 100 – 

500 

Ca 21.89 30.43 21.91 22.53 22.34 23.73 50 NA 75 

Mg 1.57 3.94 2.87 2.92 2.90 3.03 0.2 0.20 30 

SO4 72.63 67.63 61.49 61.88 59.93 61.56 100 100 250 

NO3 6.65 6.45 6.69 5.82 6.44 7.54 10 10 50 

NO2 0.02 0.02 0.02 0.01 0.01 0.02 0.2 NA 3.0 

Fl 0.30 0.37 0.16 0.15 0.18 0.26 1.5 NA 1.5 

PO4 1.86 2.07 1.42 1.46 1.21 1.43 10 NA NA 

Cl 21.27 26.67 21.96 20.91 20.62 20.73 100 NA 250 

NA = Not Available to the author. 

The ambient temperature (surrounding air temperature) influenced the temperature of water samples 

during the period of analysis. This was also explained statistically by high R2 of 86. 

The pH values fluctuated between (7 - 8.5), which is within the acceptable ranges of (7.5) for NIS, 

(6.5 – 8.5) for SON and WHO. It was observed generally that length of storage does not increase pH.  

Electrical conductivity (EC) is a measure of ability of water to conduct electricity. Value depends on 

the concentration and degree of dissociation of electrolytes. It gives a good idea of the amount of 

dissolved material in the water. Dissolved solids can affect the suitability of water for domestic, 

industrial and agricultural uses. At higher levels, drinking water may have unpleasant taste or odour or 

may cause gastrointestinal distress. From Table 3, the average values of electrical conductivity (EC) 

of all the brands were very low compared to the 1000 µs/cm of the NIS and SON, and 1500 µs/cm of 

WHO. It was observed that electrical conductivity of SWB2 (254 µs/cm) was distinct from other 

samples, which was also confirmed by the highest value of total dissolved solids (TDS) of 124.73 

mg/l. This may be attributable to salt concentration from the basement formation from where the 

water comes. Generally in all the physical parameters monitored, there was no statistical significant 
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difference. This may signify that all the companies follow the same or similar method of treatment 

and packaging. All values of the physical parameters were lower than the NIS, SON and WHO 

values. However, the statistical analysis shows that significant difference exists between the NIS and 

the sachet water brands. This could be that treatment and packaging methods of the companies differ 

from the NIS specified guidelines.     

Total hardness is an indication of the presence of calcium and magnesium salts in water. It prevents 

lather formation with soap and increases the boiling point of water. Hardness of water mainly depends 

upon the amount of calcium or magnesium salts or both. All the samples showed values lower than 

the acceptable standard values. SWB2 has the highest average value of total hardness (90.08 mg/l). It 

was evident that the total hardness is mainly from the presence of calcium and magnesium salts. 

Hardness has bad effects of developing corrosion and encrustation in pipes, consumes more soap, 

develops scales in boilers, influences drying processes and develops bad taste. All the water samples 

have magnesium values higher than the NIS and SON acceptable values. High presence of 

magnesium and calcium is attributable to the geological formation of the source of the water samples. 

The sulphate content of natural waters is an important consideration in determining their suitability 

for public and industrial supplies. Sulphate occurs naturally in water as a result of leaching from 

gypsum and other common minerals. Discharge of industrial wastes and domestic sewage tend to 

increase its concentration.  The values of sulphate (SO4) in all the samples were lower than the 

established standards.  

Excess amounts of nitrates in water cause an increase in algal growth and in drinking water can be 

toxic to humans. Sources of nitrates may include human and animal wastes, industrial pollutants and 

non-point source, runoff from heavily fertilized croplands and lawns. High levels of nitrates in 

drinking water have been linked to serious illness and even death in infants. Its presence here could be 

as a result of  decomposition of natural vegetation and the use of chemical fertilizer in crop production 

in the area which may have entered the surface and groundwater. This can cause 

methaemoglobineamia in infants (blue babies).  

Nitrites are relatively short-lived because they are quickly converted to nitrates by bacteria. Nitrites 

produce a serious illness (blood disease) in fish. They also react directly with haemoglobin in human 

blood to produce methemoglobin, which destroys the ability of blood cells to transport oxygen. This 

condition is especially serious in babies less than three months of age as it causes a condition known 

as methaemoglobinemia or blue baby disease. Water with nitrite levels exceeding 1.0 mg/l should not 

be given to babies. The average values of nitrite for all the water samples including the tap water were 

below the limits of acceptable stadards.  

Fluoride inhibits enzymes that breed acid-producing bacteria whose acid eats away tooth enamel. 

Excessive fluoride intake leads to loss of calcium from the tooth matrix, aggravating cavity formation 

throughout life rather than remedying it and so causing dental flourosis. Severe, chronic and 

cumulative overexposure can cause the incurable crippling of skeletal flouriosis. The probable source 

might be during weathering and circulation of water in rocks and soil, fluorine is leached out and 

dissolved in water. The content from each sampling site varies depending on the type of rocks from 

which it originates. Even though flouride is not given much attention in drinking water, the average 

values in all the water samples are low compared to the acceptable standards. The highest average 

value of 0.37 mg/l was observed in SWB2 (Table 3).   

Phosphorus is an essential element for all life. It is part of the backbone of DNA. Phosphorous 

stimulates algal growth which can endanger other aquatic lives. None of the phosphate values were up 

to the NIS values of 10mg/l in all the water samples.  

Chloride is invariably present in small amounts in almost all natural waters and its contents go up 

appreciably with increasing salinity. High concentration of chlorides is considered to be indicator of 

pollution due to organic wastes of animal or industrial origin. Chlorides are troublesome in irrigation 

water and also harmful to aquatic life. The chlorine content of the water samples were all within the 

acceptable range (Table 3). It has no adverse health impact, but excess of it impacts bad taste to the 

drinking water.  

3.2. Aesthetic Parameters and Trace Elements 
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Aesthetic parameters (Table 4) are those detectable by the senses, namely turbidity, colour, taste, and 

odour. They are important in monitoring community water supplies because they may cause the water 

supply to be rejected and poorer-quality sources to be accepted.  They are simple and inexpensive to 

monitor qualitatively in the field.  

Table 4: Average Values of the Aesthetic Parameters and Trace Elements Obtained. 

Parameters 

(mg/l) 

Sachet water brands Established standards 

 SWB1 SWB2 SWB3 SWB4 SWB5 Tap water NIS SON WHO  

Turbidity 1.04 1.17 1.0 1.04 1.04 1.29 5 NA 5 

Colour 9.67 24.04 12.66 1.17 1.38 7.90 3 NA NA 

Fe 0.09 0.10 0.03 0.03 0.02 0.09 0.3 0.3 NA 

Mn 0.01 0.02 0.01 0.01 0.01 0.01 0.05 0.1 0.1 

Cu 0.001 0.001 0.001 0.015 0.001 0.006 0.05 2.0 NA 

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, soluble coloured organic compounds, plankton and microscopic 

organisms. These can come from soil erosion, excess nutrients, various wastes and pollutants and the 

action of bottom feeding organisms. Such particles absorb heat in the sunlight, thus raising water 

temperature, which in turn lowers dissolved oxygen levels. Turbidity affects acceptability, selection 

and efficiency of treatment processes, particularly the efficiency of disinfection with chlorine since it 

exerts a chlorine demand, protects microorganisms and may also stimulate the growth of bacteria. The 

average values were lower than the established standards.                                                                                                                    

Colour in drinking water may be due to the presence of coloured organic matter, e.g. humic 

substances, metals such as iron and manganese, or highly coloured industrial wastes. Drinking water 

should be colourless. Rise in colour and turbidity would reduce the aesthetic quality of water. 

Generally the colour profile of all the samples except SWB4 and SWB5 were higher than NIS 

standard throughout the study. This high colour profile could be seen as a result of dissolved organic 

matter. The highest colour change (24.04 NTU) was observed in SWB2 which was proved by the 

highest average values of TDS (124.73 mg/l) and EC (254 mg/l). These values were well above other 

samples though lower than the acceptable standards.  It was observed that high values of pH coincided 

with high values of colour and turbidity in all the samples. Water should be free of objectionable taste 

and odour, and not offensive to consumers. Highly turbid, coloured, objectionable taste or odour 

could lead the consumer to believe that the water is unsafe. 

Iron content of water is of considerable concern because small amounts seriously affect its usefulness. 

It causes staining of plumbing fixtures; staining of clothes and plugging of pipes. Iron bearing waters 

also favour the growth of iron bacteria, such as crenothrix. Iron in water sufficiently indicates 

presence of E-Coliforms which is an indications of sewage contamination and can cause dysentery, 

typhoid etc . The average values of iron in all the samples were within the acceptable limits (Table 4).    

Manganese values for all the samples were lower than the established standards. The composition of 

this element impacts high colour change. The value was highest (0.02 mg/l) in SWB2 and hence the 

highest colour change. Excess of manganese in drinking water causes neurological disorder.  

3.3. Microbiological Parameters 

Fecal coliforms are the indicator organisms [3]. They indicate the presence of other pathogenic 

bacteria. Diseases and illnesses that can be contracted in water with high fecal coliform counts 

include; typhoid fever, hepatitis, gastroenteritis, dysentery and ear infections. The average values of 

the microbiological water quality parameters obtained are shown in Table 5 below. 

Table 5: Average Values of the Microbiological Parameters. 

 Sachet Water Brands Established Standards 
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Parameters 

(mg/l) 
SWB1 SWB2 SWB3 SWB4 SWB5 Tap 

water 

NIS SON WHO  

Feacal coli 2.00 19.04 4.13 8.67 18.71 53.05 0 0 0 

Total  coli 12.50 48.54 16.67 16.75 48.33 106.04 0 10 0 

Feacal and Total coliform values of the water samples were well above the NIS, SON and WHO 

values indicating that they are contaminated. This is clearly evident in the values of tap water. Ideally, 

drinking water should not contain any microorganism. Factors affecting feacal coliform include 

wastewater and septic system effluent, animal waste, sediment load, temperature and nutrients. In 

guidelines for the bacterial water quality, consideration should be given not only to the source of 

drinking water but also to the treatment, method of delivering to the consumer and frequency of 

examination. The presence of coliform (either total or faecal) may be an indication of poor treatment 

or contact with surface water sources. The extent of pollution was discovered to vary with depth of 

water source and season [17]. This can however, be treated by chlorination. Adequate waste 

management is a key factor in preservation of water quality. [18] reported that poor and improper 

waste management systems have constituted a menace to ground water aquifer. 

IV. CONCLUSION 

From this study it was discovered that the major contaminant of surface and sachet water marketed in 

Bauchi metropolis, Nigeria are the coliforms. The source of these contaminants could be attributed to 

the deliberate and indiscriminate littering of human and animal wastes (as shown by sulphate values) 

in adjoining bushes to the sources. This would have constituted the serious health challenges of 

diarrhea, meningitis, urinary tract infection and hemolytic anaemia prevalent in the area. High values 

of EC and TDS confirm the presence of salts. Ca has the highest concentrations among the salts which 

resulted in high total hardness values in all the samples.   It is important also to note that SWB2 is the 

worst polluted among the sachet water brands in the area. The SWB4 was adjudged the least polluted 

with respect to the parameters monitored. But with respect to microbiological contaminants, tap water 

is the worst polluted and SWB1 is the least.  The analysis reveals that the water sources need some 

degree of treatment before consumption and also need to be protected from perils of contamination. 

The sachet water brands should adequately be improved in the treatment processes. Consequently it 

should not be assumed that “pure water” is pure. Questions need to be raised by the regulating 

authorities about possible strategies that will improve it, so as not to push the community to revert to 

poorer sources. This could lead to more grievous conditions. It is suggested that further work be done 

to determine the temporal and spatial variation of the contaminants.   
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