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Abstract 
The availability of safe and clean drinking water is a critical public health concern, particularly 

in many developing nations where access to treated municipal water is limited. This has led to a 

significant reliance on alternative water sources such as privately-owned boreholes and 

commercially packaged sachet water. While water from these sources is widely consumed, their 

quality is often a subject of concern, as they are susceptible to various forms of contamination. 

This research therefore aimed to conduct a comparative quality analysis of borehole water and 

sachet water to assess their suitability for human consumption. Water samples were collected 

from various boreholes and from different brands of sachet water within a specified geographical 

area. The samples were then subjected to a series of laboratory analyses to evaluate their 

physicochemical, microbiological, and in some cases, heavy metal parameters. Key parameters 

analyzed included pH, electrical conductivity, total dissolved solids, microbiological analysis 

(e.g., coliforms and E. coli). The results of the analysis were compared against established 

national/international drinking water quality standards, such as those set by the World Health 

Organization (WHO) and the Standard Organization of Nigeria (SON). The study concluded that 

while both borehole and sachet water sources have the potential to provide safe drinking, 

consistent monitoring and stricter regulatory enforcement are necessary to ensure their quality 

and protect public health, the result provides valuable insights for policymakers and public health 

officials and consumers to make informed decisions about their drinking water choices and to 

implement appropriate water treatment and purification measures. 
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Introduction  



Water is one of the most common and most important substances on the earth's surface. It 

is essential for the existence of life, and the kinds and amounts of vegetation occurring on 

various parts of the earth's surface depend more on the quantity of water available than on any 

environmental factor. The water supply for human intake is often directly sourced from Borehole 

without chemical, physical and biological treatment and the level of pollution has become a 

cause for main concern. Researches have also been carried out to analyze water quality in several 

sources of water supply (Bordalo and Savva-Bordalo, 2007). 

The supply of drinking water of sufficient quality and quantity remains a crucial public 

health need in most African countries, including Nigeria, where diarrheal, typhoid, fever, 

dysentery and cholera diseases continue to cause particularly high mortality. However, according 

to the World Health Organization (WHO), about 1.1 billion human beings lack good quality 

water and 2.4 billion do not have access to adequate sanitation. More than 2 million people, 

especially children below five years in developing countries with insufficient hygiene and 

sanitation, die each year by diarrheal diseases. The water for human consumption must not 

contain organisms and chemical substances in concentrations sufficiently high to affect health 

(Rodier and Legube, 2009). 

Borehole water occurs almost everywhere beneath the land surface and is an integral part 

of a complex hydrologic cycle that involves continuous movement of water on Earth. The 

widespread occurrence of potable borehole water is a major reason for its use as a source of 

water supply worldwide. Furthermore, much of the world's food is produced by irrigated 

agriculture, which relies on ground water. Borehole water plays a crucial role in sustaining 

streamflow during dry periods and is vital to many lakes and wetlands. In addition to human 

uses, many plants and aquatic animals depend upon the borehole water that discharges to 

streams, lakes, and wetlands (Weisberger, 2023). 

Sachet and bottled water are any commercially treated water, manufactured, packaged 

and distributed for sale in sealed food grade containers and is intended for human consumption. 

The difference between the two types of water is the material used to package them. It is also 

believing that bottled water is purer than sachet water. In Nigeria and other countries, sachet 

water is often referred to as 'pure water'. The production of sachet water in Nigeria started in the 

late 90s and today the advancement in scientific technology has made sachet water production 

one of the fastest growing industries in the country (Airaodion et al., 2019), The introduction of 

sachet water was aimed at providing safe, hygienic and affordable instant drinking water to the 

public and to curb the magnitude of water related infections in the country. Water sachets are one 

of the most iconic single-use products in West Africa. These heat-sealed, water-filled, thin 

polyethylene bags have become prevalent in recent decades. Using a water sachet is a daily 

practice for many low- and middle-income communities across West Africa (UN Environment 

Programme, 2025). 

For anyChemist, the quality of water is very important because it ensure that it is potable 

for drinking. Two major sources of water whose quality are assessed by chemists are the surface 

(streams, rivers, ponds, lakes) and ground waters (wells, boreholes). The reason is that surface 

waters are prone to contamination because it was reported that surface waters are generally poor 

in quality. Ground waters on the other hand, are more reliable for domestic and agricultural 

irrigation. 

 

Aim/Objectives of This Study 



The general aim of this study is to compare the quality of borehole water and sachet 

water, determining their suitability for human consumption. The specific objectives of this study 

are: 

I. To determine if borehole water and sachet water samples are fit for human consumption based 

on their physicochemical. 

II. To compare the water quality index of borehole water samples with international standards for 

drinking water. 

III. To compare the water quality index of sachet water samples with international standards for 

drinking water, and to evaluate the differences between the two water sources. 

 

Significance of this Study 

This study is conducted to benefit to the residents of the sampled area of study which is 

Ogwashi-uku community, as it will enlighten them on the need to take caution in the type of 

water taken as to maintain good health and avert sicknesses and diseases as a result of 

contaminated water from water supply sources. The study will be important to future researchers 

as the result from the present study will serve as bedrock on which further research can be 

conducted. 

 

Instrument 

Atomic Absorption Spectrophotometer (Model BK41AA4530F) Conductivity meter 

Conductivity meter Model-976 with the range of 0.200us/cm and resolution of 0.0us/cm 

PH Meter: PH Meter Model PH-25 with the range of 0.00-14.00 and resolution of±0.05 

 

Chemical Reagents 

Chemical and reagents were of analytical grade. They include nitric acid hydrochloric 

acid, distilled water, deionized water hydrogenated peroxide, lead nitrate, zinc nitrate, chromium 

oxide, manganese powder, ammonium chloride and Cd nitrate. 

 

Sample Collection 

Field sampling and analytic procedure water samples from two boreholes water and two 

sachet water samples we are taken for the project analysis. The samples were collected in 

Aniocha South Local Government. Determination of pH (Rada, 2014) The pH of each sample 

were measured with a portable field meter model. LT-10 calibrated at the buffer of pH 4 and 7. 

 

Borehole Samples 

Borehole samples were collected from two boreholes located in different residential 

zones of Ogwashi-Uku viz: Bum-bum axis, and Ogbeonicha Axis (designated as sample A, and 

B respectively). Water samples were collected in sterilized 1-liter plastic bottles, clearly labeled, 

and preserved in coolers to maintain their temperature during transportation to the laboratory. 

 

Sachet Water Samples 

Sachet water samples were randomly obtained from two registered sachet water 

production facilities operating within the Aniocha South area viz: Nedin Table Water, and 

Chidor Table Water. Two samples from each factory were collected and treated as composite 

samples for comparative analysis. All samples were collected in the morning hours (between 

8:00 a.m. and 11:00 a.m.) to avoid fluctuations due to temperature and stagnation effects. 



Samples: 

Sample A - Sachet water sample from Nedin Table Water 

Sample B-Sachet water sample from Chidor Table Water 

Sample C-Borehole water sample from Bum-Bum axis 

Sample D-Borehole Water Sample from Ogbe-onicha Axis 

 

Procedures 

Cleaning of Glass Ware 

All apparatus were washed with detergent then soaked in 2m³ nitric acid for 24 hours. 

They were re-washed thoroughly. They were rinsed with aqua regia followed by tap water and 

Hand rinsed in distilled water. The glasswares were dried in an oven 105°c 

Preparation of working standard solution: 

1000 ppm standard solution of lead was diluted to 100ppm and from 100ppm standard solution 

working standard solution of20ppm and 40ppm were made by diluting 100 ppm solution in 

deionized water. A similar procedure was the working standard solution of 2ppm, 4ppm and 

6ppm for calcium, Chromium magnesium and copper while cadmium Iron, Zinc Followed 

similar procedure to prepare working standard solution of 4ppm, 6ppm and 8ppm. 

Water Digestion: 

The water sample in bottles were shaken thoroughly using hands in their plastic 

containers. A volume of 100 ml of the sample was measured using a 100ml volumetric flask and 

put in a conical flask and 5 ml of concentrated nitric acid was then added. 

The mixture was heated slowly on a hotplate and evaporated to 20ml ensuring that the 

water did not boil. A further 5ml of concentrated nitric acid was continuously added until the 

solution appeared light coloured and clear. 7000 drops of hydrochloric acid was added and 

heated slightly to dissolve any remaining residue to ensure complete digestion had taken place. 

The solution was filtered and filtrate was transferred to a 100ml volumetric flask and allowed to 

cool and filtered was made up to the mark with distilled water (C. Radojovenic and Bashkin 

2006). The concentration of each metal obtained was expressed in mgppm/ml as the procedure 

was carried out for each sample. 

 

Determination of Physical Parameters 

Electrical Conductivity (mS/cm) 

EC was measured by using conductivity meter model 4200. Before measuring, the probes 

were rinsed with deionized water and conductivity of sample was checked. Then the probe was 

immersed in a beaker containing water sample and moved up and down rapidly on the beaker to 

make the electrode free from any bubble. The date was recorded for each sample. 

Total Dissolved Solid (ppm) 

Filtration method was used to measure the TDS water samples. Before starting the 

vacuum filtration process, an accurate amount of water sample was poured on a pre-weighed 

glass. The filter was removed and put in an aluminum dish in an oven with temperature of about 

100°C and leave it for about 2 to 3 hrs, this is to dry off the remaining water completely. The 

remaining mass of the residue was recorded as the total amount of TDS in the sample. 

Determination of Chemical Parameters 

Heavy metals: The analysis of some heavy metals such as Cu, Cr, Pb, Zn, Ca, fe, Cd were 

carried out based on using Atomic Absorption Spectrophotometry, (AAS) 

 



Data Analysis 

The results were tabulated and compared to WHO and Nigerian drinking water standards. 

The Water Quality Index (WQI) was calculated for each sample using the weighted arithmetic 

index method, which combines multiple parameters into a single score to determine overall 

suitability for consumption (Avery, 1999). 

Result Presentation 

The results obtained from the physiochemical analysis will be resented from the tables below: 

Table 1: Analysis of pH Samples 

Samples pH 

A 

B 

C 

D 

6.11 

5.15 

6.99 

7.00 

 

From table I above, it is clearly seen that sample A had a pH level of 6.11, for sample B the pH 

decreased to 5.15, for sample C there was a further increase in pH to 6.99 tending to neutrality, 

while sample D had the highest pH of 7.00 which is neutral. 

 

Table 2: Electrical Conductivity of the Samples 

Samples Electrical Conductivity (mS/cm) 

A 

B 

C 

D 

0.067 

0.050 

0.023 

0.016 

 

From the table 2 above, it was observed that the conductivity of sample A was 0.067 mS/cm, 

which decreased in sample B to 0.050 mS/cm, there was another decrease in the conductivity of 

sample C to 0.023 mS/cm, after which there was a decrease in the value of sample D having 

0.016 mS/cm (micro siemens per centimeter). This implies that areas of increase like sample of 

A and B, the electrical conductivity was high while areas with decrease indicates low electrical 

conductivity as seen in samples C and D respectively. 

 

Table 3: Analysis of the Total Dissolved Solid (TDS) 

Samples TDS (mg/1) 

A 

B 

C 

D 

81 

69 

42 

39 

 

From table 3 above, it was observed that sample A had TDS level of 81 mg/l, while there was a 

decrease in that of sample B with 64 mg/l, there was another decrease in the TDS value of 

sample C having 42 mg/l, also a decrease in sample D having 39 mg/l respectively. 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 bore hole water samples. 



 

Table 4: Lead content of samples 

Samples Lead (mg/l) 

A 

B 

C 

D 

0.09 

0.08 

0.25 

0.17 

 

Table 4 above shows the concentration of Lead in the water samples, it was observed that 

samples 

A has 0.09 mg/l and B has Pb level of 0.08 mg/l, while there was an increase in that of sample C 

with 0.25 mg/l, and there was another decrease in Pb value of sample D having 0.17 mg/l 

respectively. It implies that borehole water has the highest concentration of lead than sachet 

water in the study area. 

 

Table 5: Cupper Content of Samples 

Samples Cu (mg/l) 

A 

B 

C 

D 

0.01 

0.01 

0.02 

0.01 

 

The above table 5 shows the concentration of cupper in the water samples, it was observed that 

samples A and B had the same level of Cu which is 0.01 mg/l, while there was an increase in that 

of sample C with 0.02 mg/l, and there was another decrease in the concentration of Cu in sample 

D having 0.01 mg/l respectively. 

 

Table 6: Chromium Content of Samples 

Samples Cr (mg/l) 

A 

B 

C 

D 

2.75 

0.86 

4.02 

4.29 

 

The above table 6 showed the concentration of Cr. in the water samples; it was observed that 

samples A has Cr level of 2.75 mg/l and B has Cr level of 2.86 mg/l, while there was an increase 

in that of sample C and D with 4.02 mg/l and 4.29 mg/l respectively. It implies that borehole 

water had the highest concentration of Cr than sachet water. 

 

Table 7: Iron Content of Samples 

Samples Fe 
2+

(mg/l) 

A 

B 

C 

D 

0.33 

0.33 

0.15 

0.11 



 

The above table 7 showed the concentration of iron in the water samples, it was observed that 

samples A and B had the same level of iron which is 0.33 mg/l, while there was a decrease in 

that of sample C and D with 0.15 mg/l and 0.11 mg/l respectively. This implies that sachet water 

recorded the highest iron content than borehole water. 

 

Table 8: Zine Content of Samples 

 

Samples Zn (mg/l) 

A 

B 

C 

D 

0.33 

0.30 

0.40 

0.45 

 

The above table 8 shows the concentration of Zinc in the water samples, it was observed that 

samples A has Zn content of 0.33 mg/l and sample B has Zn level of 0.30 mg/l, while there was 

an increase in that of sample C and D to 0.40 mg/1 and 0.45 mg/l respectively. This implies that 

borehole water recorded the highest Zinc concentration than sachet water. 

 

Discussion 

The data analyzed includes physiochemical parameters (pH, electrical conductivity, total 

dissolved solids) and heavy metal concentrations (lead, copper, chromium, iron, zinc) in two 

borehole water samples (A and B) and two sachet water samples (C and D) from Ogwashi-uku. 

 

Parameters 

pH: Samples ranged from slightly acidic (pH 5.15 in B) to neutral (pH 7.00 in D). Electrical 

Conductivity: Decreased from sample A (0.067 mS/cm) to D (0.016 mS/cm), indicating lower 

ion content in sachet waters. 

Total Dissolved Solids (TDS): Higher in borehole samples (A: 81 mg/l, B: 69 mg/l) than sachet 

waters (C: 42 mg/l, D: 39 mg/l). 

 

Heavy Metals 

 Lead (Pb): Borehole water had higher concentrations (C: 0.25 mg/l, D: 0.17 mg/l in 

sachet vs A: 0.09, B: 0.08 mg/l in borehole is incorrect based on data; actually C and D-sachet 

had higher Pb). 

 Copper (Cu): Levels were low across all samples (0.01-0.02 mg/l). 

 Chromium (Cr): Higher in borehole water (C: 4.02 mg/l, D: 4.29 mg/l) than sachet (A: 

2.75 mg/l, B: 2.86 mg/l). 

 Iron (Fe): Higher in borehole samples (A-B-0.33 mg/l) vs sachet (C: 0.15 mg/l, D: 0.11 

 Zinc (Zn): Higher in sachet water (C: 0.40 mg/l, D: 0.45 mg/l) vs borehole (A: 0.33 

mg/l, B: 0.30 mg/l). 
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