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ABSTRACT 
This work analyzed sachet water produced by different companies in Benin Metropolis, Edo State, 
Nigeria by evaluating the physical, chemical and microbial qualities of the selected water. The results 
gotten were compared with WHO water quality standard to ascertain if they are portable and safe for 
human consumption. Consequently, five different types of sachet water samples, labeled A, B, C, D, and 
E respectively, were collected and analyzed for physical, chemical and microbiological parameters. A 
total of twelve (12) parameters including, pH, conductivity, Total Solids, Dissolved Solids, Suspended 
Solids, Dissolved Oxygen (D.O),  BOD, Chemical Oxygen Demand (C.O.D), Calcium, Lead, Cadmium, 
phosphate and coliform count were analyzed. The result obtained showed that pH values for samples A-E 
were  between the range of 6.14- 8.13, for turbidity it was evident that sample A was 2NTU, sample C 
was 1NTU while samples B, D, and E were nil. For total dissolved solids, the result for samples A-E 
ranged between 36 and 81mg/l, conductivity was between 0.033 and 0.56mS/cm, while the values for 
calcium were between 9.50 and 14.62mg/l. For hardness, the values were between 0.23 and 1.45mg/l, 
while the values for biological oxygen demand (BOD) were between 0.62 and 2.46mg/l. For chemical 
oxygen demand the values gotten were between 12 and 30mg/l. while the values gotten for dissolved 
oxygen (DO) were between 6.26 and 10.20mg/l. the heavy metals, cadmium and lead were not detected in 
the five samples, while the values gotten for phosphate were between 0.15 and 1.09. Coliform count was 
not detected in any of the samples. Plots were made on the result gotten from pH, turbidity, TDS, 
conductivity, calcium, hardness, BOD, COD, DO, and phosphate. The results thus showed that although 
most of the sachet water samples were fit or portable for drinking the quality of some may be 
questionable as seen in the case of sample A. 
Keywords: Sachet water, Water analysis, Water quality parameters. 
 

INTRODUCTION 
Sachet water can be referred to as ready to drink packed and machine-sealed water. This water is referred 
to as “pure water” by many of the locals in Nigeria and other African neighboring countries like Ghana, 
Togo etc. Sachet water is also sold in hand filled, hand-tied plastic bags. This is locally referred to as “ice-
water” (Stockholm Environment Institute, 1993). 
Machine-sealed sachet water that is produced in industries is referred to as factory- produced, while that 
produced by manually filling plastic bags with water and knotting the water-filled bags is referred to as 
“hand-tied”  sachet water. 
The main source of the sachet water is water from borehole. Sachet water produced in small scale 
industries is mainly treated by aeration, double or single filtration using porcelain molecular candle filter 
or membrane filters and in rare instances, disinfection is applied. The level of treatment generally depends 
on the source of water. 
Water to be used for human consumption must meet certain requirements. It must be free of all disease 
causing microorganisms, low in concentration of compounds that are acutely toxic or that have serious 
long term effect on health. Ideally, water for drinking should be clear, free of odor and compound that can 
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cause color or taste. Drinking water from the ground is obtained by drilling boreholes and shallow wells 
through the existing water table to form a well point. In certain regions of Africa, as the water percolates 
through the soil, harmful physical, biological and chemical constituents (e.g. fine suspended matter, faecal 
coliform and fluoride) become contained in the water making it unsuitable for human consumption. 
The quality of drinking water has attracted great attention worldwide because of implied public health 
impacts. Sachet packaged drinking water is very common in Nigeria. It is often found as a major source 
of water at food canteens and sold by many food vendors in the country. The majority of the population 
consume it, hence the need to ascertain the qualities of sachet and borehole water in order to safeguard the 
health of consumers. Many common and widespread health risks have been found to be associated with 
drinking water in developing countries, a large percentage of which are of biological origin. Unsafe water, 
poor sanitation and poor hygiene have been reported to rank third among the 20 leading risk factors for 
health burden in developing countries including Nigeria (Ademoroti, 1996). The guidelines for quality 
drinking water are intended for use by countries as a basis for the development of national standards 
which if properly implemented will ensure the safety of drinking water (W.H.O, 2006). 
Sachet water has gained popularity and has been embraced by the populace because it is cheap, ready to 
drink and always available. But the question is, how clean, portable and safe is it for consumption? Thus 
this research work tends to analyze some selected sachet water to test if they are portable and safe for 
drinking and also free from disease causing pathogens. 
 
MATERIALS AND METHODS 

Samples 
Sample A       - Sachet water sample from Notre Dame Pure Water Company  
Sample B       - Sachet water sample from E.J. Table Water Company  
Sample C       - Sachet water sample from A.V.  Water Company 
Sample D       - Sachet Water Sample from Mama Water Company 
Sample E       - Sachet Water Sample from By His Grace Table water Company  
Apparatus  
Lovibon vessel 
Color disc (Hazen disc) 
Conductivity meter 
Glass electrode 
pH meter (electrometric) 
Measuring cylinder 
Beakers 
Hot plate 
Filter paper 
Conical flask 
Burette 
Pipette 
Volumetric flask 
Atomic Absorption Spectrophotometer (AAS) 
Reagents 
Starch indicator 
Potassium dichromate  
Phenothroline,  
Sodium thiosulphate  
Brucine sulphate 
EDTA  
Sodium acetate buffer 
Sodium Acetate 
Phosphoric acid  
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Stannous chloride  
Potassium peroxide potassium cyanide 
Ammonium solution  
Sulphuric acid  
Ferrous sulphate  
Potassium chromate indicator 
Patton and reders reagent 
Sodium hydroxides  
Phenolphthalein  

Methods of Analysis  
Analysis of the water samples were carried out in three different categories namely: 

(1)  Physical analysis  
(2) Chemical analysis 
(3) Microbiological analysis  

 

Physical Analysis: 
Determination of Electrical Conductivity  

Procedure: The electrode was wetted thoroughly and then plugged into the conductivity meter before it 
was inserted into a 250ml beaker containing distilled water. The conductivity meter was then switched on, 
and zero error was corrected. The distilled water was replaced with raw water samples and the reading 
was recorded. 
Determination of pH values 

Procedure: The glass electrode was thoroughly wetted with distilled water. The pH meter was then 
switched on and was standardized. This was done by connecting glass electrode to the pH meter and 
inserting the electrode into the buffer solution. This was allowed to stabilize and pH meter reading 
indicated 4.0. The same thing was repeated using buffer solution with pH of 9.0. The beaker containing 
buffer solution was then replaced consecutively with the ones containing raw water samples and the 
electrode was inserted into it. This was then allowed to stabilize and the readings were recorded. 

 

Chemical Analysis:  
Determination of Suspended Solids (SS) 

Procedure: 
The filter paper was weighed to constant value at 105-110

o
C in oven, cooled to room temperature in a 

desiccator, the weight was noted. A filtrating apparatus was then prepared with the filter paper. The 
sample was then mixed thoroughly and 50-100ml (as convenient) was then withdrawn with a pipette. 
After filtering, the filter paper was removed and then dried to a constant weight at 105- 110

o
C, the weight 

was noted.The weight of the filter paper was then subtracted to obtain the weight of suspended solid.  
SS (mg/l) = (A-B) x1000/ ml sample 
Where A= weight of filter + dry residue, mg 
B= weight of filter, mg 
A clean dish of suitable size at 105-110

o
C was dried in an oven until constant weight was achieved. 

Cooled to room temperature in a desiccator and weighted. 50-100ml (as found suitable) of water or 
effluent sample was thoroughly mixed and then withdrawn with a pipette accurately into a dish and 
evaporated to dryness on a steam bath.  The outside of the dish was wiped and the residue dried in an 
oven for about 1hour at temperature of 105-110

o
C. The dish was then transferred quickly to a desiccator, 

cooled to room temperature and weighed. The dish was then returned to the oven, dried further for 10-20 
minutes and reweighed after cooling to room temperature. This was repeated until the weight of the dish 
plus residue was constant to within 0.05mg. The weight of the dish was then subtracted to obtain the 
weight of the total solids.  
TS (mg/l) = (A-B) x 1000/ml sample 
Where A =weight of dish +residue, mg 

Adiotomre &Agbale …. Int. J.  Innovative Environ. Studies Res. 3(3):22-35, 2015 
 



25 
 

B= weight of dish, mg 
Dissolved Solids (DS) = Total Solids (TS) - Suspended Solids (SS) 
Determination of Calcium 
Procedure: 
10ml of water sample was measured into a beaker, a punch of potassium cyanide was a titration flask. 
Add 1ml Buffer solution. Titrate with EDTA after adding about 2 drops of Eriochrome Black T indicator, 
titrate with continuous shaking until the last reddish tinge disappears from the solution. The final end 
point is blue. Titrate blank before samples. 

Hardness (EDTA) as Mg/L CaCO3 = 
            

         
 

Where, V = ml titration for sample 
 A = Molarity of EDTA 

 
Determination of Dissolved Oxygen (DO)  

Procedure: 
Dilution water was prepared by adding 1ml of each of the following reagents: phosphate buffer, 
Magnesium sulphate, Calcium chloride, and Iron (III) Chloride solution to 1L of distilled water, and then 
aerated with a supply of clean compressed air. Several dilutions of the prepared sample was made so as to 
obtain drop in oxygen content. The prepared sample was then put into a DO bottle, filled to the brim. 2mL 
MnSO4 solution and 2mL ikali-iodide-azide reagent were added well below the surface of the liquid 
stopper with care to exclude air bubbles and mixed by inverting the bottle a number of times until a clear 
supernatant water is obtained. (If the reagents were added at the site of the sampling, the solution may be 
left at this stage until it got to the laboratory).  It was then allowed to settle for about 2mins. Add 2mL 
conc. H2SO4 to neck of the bottle stopper and then mixed by gentle inversion until dissolution is 
completed. Add 1-2mL starch solution to ensure uniform solution before the quantity needed for titration 
was decanted. Na2S2O3 was then titrated with the solution and the colour changed from blue to original 
color of sample.  
 

Mg/1DO = 
              

           
      3.4 

Where M = Molarity of the thiosulphate 
V = Vol. of thiosulpate used for titration  
V1 = Volume of bottle, with stopper in place 
V2 = Volume of aliquot taken for titration 
Determination of chemical oxygen demand (COD)  

Procedure: 
10ml of water sample was pipette; 5ml of 0.025m potassium dichromate was measured with a measuring 
cylinder. 15ml of concentrated sulphuric acid was added and diluted with 40ml of distilled water to get 
70ml solution. 7 drops of phenothroline ferrous sulphate indicator was added. This was allowed to cool.  
Observation: the color changed from greenish blue to orange color, and then titration was done on the 
blank sample. 
N.B The tire value for the blank sample is higher than the titre value of the sample. 
Determination of Biological Oxygen Demand  (BOD)  

Procedure: 
The five-day BOD was computed from the DO values initial and 5 –day DO. 
For DO5 prepared duplicate sample and incubate in the dark at 20

0
c for 5 day.  

The DO on day 5 in the incubated sample was determined thus. 

BOD mg/l = DOo – DO5 = 
                    

                 
    3.5 

Where: 
DO0 = Dissolved oxygen on initial day  
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DOs = Dissolved oxygen on day 5 
Determination of Phosphate  

Procedure: 
10ml of the neutralized sample was pipette into 50ml volumetric flask. 4ml of sulphuric acid was added 
and shaken on each addition, 6 drops of stannous chloride was added then shaken and distilled water was 
added to make it up to 30ml. The absorbance in the spectronic meter was read and at a wavelength of 
650nm using red. 
Determination of lead 

Procedure:  
10ml of water sample was measured. 5 to 6 drops of 10% potassium cyanide was added together with 
25ml of 1.2m ammonium solution and 0.5ml of 10% Na2S (sodium sulphide). This was made up to 50ml 
with distilled water. 
N.B: Wavelength of lead is 430nm 
This was taken to spectronic 20 machine for its absorbance. 
Determination of Cadium 

Procedure: 
This was done with the use of the Atomic Adsorption Spectrophotometer (AAS) 

 

Microbiological Analysis:  
Procedure:  
The Coliscan® membrane filter method developed for Escherichia coli and total coliforms 

The sample was filtered through a 47mm, 0.45 m pore size membrane filter. The filter funnel was then 
rinsed twice with at least 20 ml of sterile diluent to complete the filtration. The filter was then transferred  
to a petri dish containing a pad saturated with 2 mL of the Coli can® MF broth, The dish was inverted 

and  the content incubated at 350
0
C 0.5

0
C for 24 hours.  

Check the filters for colony forming units. Generally, colonies are obvious and can be observed with the 
unaided eye in normal room or daylight. However, the use of a 10-15X magnifying device is 
recommended for critical analysis.  
The sum of blue/purple and pink/magenta colonies was the total Coliform Positive count. Blue/purple 
colonies are counted as E. coli. Pink/magenta colonies are counted as other than E. coli coliforms. Clear 
or white colonies are counted as non-coliforms. 
 

RESULTS AND DISCUSSION 
The comparative analytical results of the five samples are shown below, based on the chemical, physical 
and microbiological analysis carried out on the samples.  
The results gotten from the physical, chemical and microbiological analysis were compared with WHO 
standard for drinking water and were discussed under appropriate sections with graphical illustrations.  

Analysis of the pH of the samples  
From fig. 1, sample A had a pH of 6.14, for sample B the pH increased to 7.21 which is slight basic, for 
sample C there was a further increase in pH to 8.13, for sample D there was a decrease in pH level to 6.57 
tending to neutrality while sample E had an increased pH of 6.92 which is very close to neutrality. 
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Table 1: pH of samples 

Samples pH 

A 6.14 
B 7.21 

C 8.13 

D 6.57 
E 6.92 

 

 

Fig. 1: Variation of pH values of samples  

Analysis of the Turbidity of the samples 
From fig. 2, sample A had a turbidity value of 2 NTU (Nephlometric Turbidity Unit) while sample C had 
a turbidity value of 1NTU. Samples B, D, and E were not turbid at all. This implies that samples A and C 
were turbid. 

Table 2: Turbidity of Samples 

Samples Turbidity (NTU) 

A 2 
B Nil  

C 1 
D Nil  

E Nil  
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Fig. 2: Variation of Turbidity values of samples  

Analysis of the Total Dissolved Solid (TDS) in the samples  
From fig. 3, it was observed that sample A had TDS level of 81mg/l, while there was a decrease in that of 
sample B with 42mg/l, there was another increase in the TDS value of sample C having 63mg/l, a 
decrease in sample D having 49mg/l and a further decrease in sample E having 39mg/l. 
It implies that in areas of increase there were more dissolved solid in the sachet water sample, while in 
areas of decrease there were less dissolved solids in the sachet water sample. 

Table 3: Total Dissolved Solids (TDS) in the samples 

Samples TDS (mg/l) 

A 81 
B 42 

C 63 
D 49 

E 36 

 

 

Fig. 3: Variation of Total Dissolved Solids values in the samples  

 

Analysis of the Electrical conductivity of the samples  
From fig. 4, it was observed that the conductivity of sample A was 0.056mS/cm, which decreased in 
sample B to 0.035mS/cm, there was another increase in the conductivity of sample C to 0.047mS/cm, 
after which there was a decrease in the value of sample D having 0.038mS/cm, while there was a further 
decrease in the value of sample E with 0.033mS/cm (micro siemens per centimeter).This implies that 
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areas of increase like sample of A and C, the electrical conductivity was high while areas with decrease 
indicates low electrical conductivity as seen in samples B,D especially E. 

Table 4: Electrical Conductivity of Samples  

Samples Electrical Conductivity (mS/cm) 

A 0.056 
B 0.035 

C 0.047 
D 0.038 

E 0.033 
 

 

Fig. 4: Variation of Electrical Conductivity values of samples  

Analysis of calcium content in the samples  
From fig. 5, the calcium content of sample A was found to be 13.24mg/l, after which there was a decrease 
in the value of calcium for sample B having 12.01mg/l, a further decrease was also noticed in the value of 
sample C to 10.05mg/l, while there was a large increase in the calcium content value of sample D, after 
which there was a decrease in the calcium value of sample E having 9.50mg/l. 

Table 5: Calcium Content of Samples  

Samples Calcium Content (mg/1) 
A 13.24 

B 12.01 
C 10.05 

D 14.62 
E 9.50 
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Fig. 5: Variation of Calcium content values of samples  

Hardness Analysis of Samples  
From fig. 6 it was observed that sample A recorded a hardness value of 1.45, which decreased to 0.23mg/l 
in sample B, there was an increase in sample C to 1.05, another decrease followed in the result of sample 
D having 0.50 and finally a slight increase in the value of sample E to 0.67. 

Table 4.6: Hardness of Samples  

  Samples Hardness (mg/l) 
A 1.45 

B 0.23 
C 1.05 

D 0.50 
E 0.67 

 
 

 

Fig. 6: Variation of Hardness values of samples  

BOD Analysis of Samples  
From fig.7 it was observed that sample recorded a value of 2.46mg/l, sample B recorded a value of 
0.62mg/l, followed by an increase in the value of sample C recording 1.85mg/l and a slight decreased 
value recorded by sample D of 1.60mg/l after which there was a decrease in the value of sample E to 
0.82mg/l. 
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It can be deduced that areas of increase indicates high biological oxygen demand while areas of decrease 
indicates low biological oxygen demand. 

Table 7: Biological Oxygen Demand (BOD) Analysis of Samples 

  Samples BOD (mg/l) 

A 2.46 
B 0.62 

C 1.85 
D 1.69 

E 0.82 
 

 

Fig.7: Variation Biological Oxygen Demand (BOD) values of samples  

COD Analysis of Samples 
From fig. 8 it was seen that sample A recorded a COD of 30mg/l, while sample B reduce to 12mg/l, 
sample C increased to 23mg/l and finally another decrease in the COD value of sample E to 18mg/l. This 
infers that areas of increase indicate high COD while areas of decrease value shows low chemical oxygen 
demand. 

Table 8: Chemical Oxygen Demand (COD) Analysis of Samples  

Samples COD (mg/l) 
A 30 

B 12 
C 23 

D 21 
E 18 
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Fig. 8: Variation of Chemical Oxygen Demand (COD) values of samples   

Dissolved Oxygen (DO) Analysis of Samples  
From fig. 9 it is lucid that sample A had a DO value of 6.26mg/l while there was an increase in sample B 
to 10.20mg/l, sample C decreased to 7.36mg/l, after which samples D and E had a steady increase 
recording 8.91mg/l and 10.20mg/l respectively. It can thus be inferred that samples B and E has the same 
amount of dissolved oxygen. 

Table 9: Dissolved oxygen Analysis of Samples 

Samples DO (mg/1) 

A 6.26 

B 10.20 
C 7.26 

D 8.91 
E 10.20 

 

  
Fig. 9: Variation of Dissolved Oxygen (DO) values of sample  
  

Analysis of Cadmium content of samples  
From table 10 it is clear that cadmium was not detected in any of the five water samples tested for. 

Table 10: Cadmium content of samples 

Samples Cadmium (mg/l) 
A ND 

B ND 
C ND 

D ND 
E ND 
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 Analysis Lead content of samples  
From table 11, it is clear that lead was not detected in any of the five water samples tested for.   

Table 11: Lead content of samples  
Samples Lead (mg/l) 

A ND 
B ND 

C ND 
D ND 

E ND 

 

Analysis of  Phosphate content of samples  
From fig.10 it was observed that sample A had a phosphate value of 1.09mg/l which decreased to 
0.15mg/l in sample B, and increased to 0.53mg/l in sample C, there was a steady decrease in the values 
recorded for samples D and E, having 0.42mg/l and 0.22mg/l respectively. It thus implied that areas of 
increase indicate high phosphate content while areas of decrease indicate low phosphate content.  

 

Table 12: Phosphate content of samples 

Samples Phosphate (mg/l) 

A 1.09 
B 0.15 

C 0.53 
D 0.42 

E 0.22 

 

 

Fig.10: Variation of Phosphate content values of samples 

Coliform Count Analysis  
From table 13 it is evidence that there was no coliform count detected in all the five sachet water samples. 
This implies that the water sample do not contain total coliform or E. coli bacteria. 

Table 13: Coliform Count Analysis of Samples 

Samples Coliform Count (mg/1) 
A NIL  

B NIL 
C NIL 

D NIL 
E NIL 
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Table 14: WHO Drinking water Quality Standards / Guidelines for selected parameters  

Parameterrs Units Desirable Maximum 
pH  6.5-8.5 No relaxation 

Turbidity NTU 0.1-1 25 
TDS Mg/L < 500 500 

Conductivity Ms/cm --- 1000 
Calcium Mg/L --- 75 

Hardness Mg/L 50 350 
BOD Mg/L --- --- 

COD Mg/L --- --- 
DO Mg/L --- --- 

Cadium Mg/L 0.003 0.005 
Lead Mg/L 0.01 0.01 

Phosphate Mg/L Not > 5 5 
Total Coliform Count Mg/L Nil / 100ml of sample Nil / 100ml of sample 

 

  

CONCLUSION  
The following conclusions can be drawn when compared with the WHO drinking water standards / 
guidelines for selected parameters: 
1. The pH values for the five samples met the WHO standard except sample A which had a pH of 
less than 6.5 
2. For the other parameters, all the samples met the WHO standard for water quality 
3. Heavy metals like lead and cadmium were absent or not detected in the five Sachet water 
samples. 
4.        Coliform count was not detected or not present in the five sachet water samples. 
Finally, results derived from this study shows that all the five sachet water samples are quite safe for 
human consumption, although the quality of sample A may be questionable. Nevertheless, people should 
be increasingly concerned about the safety of their drinking water. As improvement in analytical methods 
allows detecting impurities at very low concentrations in water, water supplies once considered pure are 
found to have contaminants. The hunt for quick money has resulted in “pure water” business and the 
associated inability to follow the specified treatment process. Sachet water, in spite of being sealed, is  
thus observed to contribute to health risk to consumers due to the presence of pathogens often associated 
with food poisoning and intoxication, in the water. Thus one would recommend the enforcement of the 
regulation guiding water quality by the National Agency for Food and Drug Administration Control 
(NAFDAC).  Regular monitoring to ensure conformity to World Health Organization standards and to 
assure the public of the portability of their water is necessary. In fact simple tests carried out regularly at 
short intervals are of more valued than detailed test mode occasionally. 
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