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ABSTRACT 

Consumption of sachet water and the resultant effects on human health have prompted several 

studies. Quality assessment of various sachet water brands sold in Owerri North local Government area 

of Imo State Nigeria was carried out in this study. Four sachet water brands (SWB) were selected at 

different batches for two months and their physicochemical parameters were evaluated. The result 

obtained was compared with the World Health Organization (WHO) standard for safe water. The results 

obtained showed that the pH, conductivity, total dissolved solid and carbon dioxide content have mean 

values of 6.12, 32.83 μs/cm, 17.15 mg/L and 174.25 mg/L respectively. The value of the pH suggests 

that some of the sachet water sold in this area have low pH levels and the concentrations of CO2 in the 

water samples were extremely high when compared to WHO standard value. The concentration of 

anions and heavy metals were within the acceptable limit of the WHO standard while some were not 

detected. The mean concentration were 0.031 mg/L, 0.198 mg/L, 0.156 mg/L, 0.081 mg/L, and 0.584 

mg/L respectively for phosphate, nitrate, chloride, iron and zinc respectively. Magnesium and copper 

were not detected. Contamination and pollution models indicated low contamination, while the overall 

quality of the sachet water samples was excellent with mean water quality index (WQI) of 41.79. 
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However, the results indicate that consumption of some of the sachet water sold in this area may be 

deleterious due to elevated pH and carbon dioxide levels. Hence the regulatory agencies should carry 

out routine checks to ensure that they sachet water producers comply with the regulatory standard. 

 

Keywords: Owerri North, Sachet water, Water quality, Public health, contamination assessments 

 

 

 

1.  INTRODUCTION 

 

The availability of adequate and safe drinking water to the populace is one of the major 

problems in the world today especially in developing countries like Nigeria [1-4]. The 

availability of pipe borne water in the study area is now a thing of the past due to continuous 

urbanization and poor planning. To counter the problem, most people have relied on 

groundwater sources and sachet water suppliers. While many households have dug boreholes 

to access groundwater, many private companies have embarked on the production of sachet 

water. Sachet water is a fast growing source of drinking water and is widely accepted by the 

public mainly due to the low cost, convenience, ubiquity, and perception of higher quality than 

tap water [5-7]. 

The National Agency for Foods and Drugs Administration and Control (NAFDAC) plays 

a vital role in sachet water production, ensuring that the quality of the produced sachet water is 

safe, healthy and aesthetically acceptable for public consumption. So consumers of sachet water 

in Nigeria rely on NAFDAC for authentication of the quality of sachet water sold to the 

Nigerian public and therefore they consume it without worry. Sadly, a study by Muduka et al. 

indicates that most sachet water samples analyzed were of poor quality and so NAFDAC 

certification doesn’t always guarantee quality [8]. Water consumers are frequently unaware of 

the potential health risks associated with consumption of sachet water [9,10]. Therefore, there 

is need for continuous monitoring of sachet water produced by these companies for quality 

compliance. 

Consumption of contaminated drinking water in Nigeria is of public health significance, 

as the prevalence of water related diseases is determined by quality of the drinking water [9,11].  

Sachet water serves as a major source of potable/drinking water to communities around Owerri 

North and Imo State in general. Recent studies focusing on sachet water produced and sold in 

Owerri North was not found. However, in other locations in Nigeria, reports suggested that 

sachet waters are not totally fit for consumption mainly due to poor quality. For examples, in 

Bauchi metropolis, it was reported that 73.33 % and 75 % of sachet water analyzed respectively 

showed poor quality mainly due to the microbial qualities [12,13].  

Nweluzo and Akuagbazie found 88% of sachet water sold in Nsukka town, Enugu State, 

Nigeria to be of impaired quality [14]. Okoroafor and co-workers reported poor quality of 

sachet water samples studied in Ogoja, Cross River State [15]. In Sokoto metropolis, parameters 

such as arsenic, chromium, manganese, lead, nickel, and selenium were found in high levels 

above limits stipulated by WHO. However, Sheshe and Magashi found that all the sachet water 

samples analyzed in Kano metropolis, Kano State Nigeria, met the required limits of WHO and 

Nigerian Industrial Standards (NIS). Similar observations were made by Akpoborie and 

Ehwarimo for some sachet water samples sold in Warri and Zaria metropolis [18]. The current 

study is aimed at assessing the quality of sachet water samples produced and sold in Owerri 

North, Imo State. This was done by determining the physicochemical properties of the sampled 
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sachet water and results obtained were modeled for contamination and suitability of the sachet 

water for consumption [16,17]. 

 

 

2.  MATERIAL AND METHODS 

2. 1. Study area 

The study was conducted within in Owerri North Local Government Area of Imo State 

Nigeria (Figure 1). Owerri North is one of the biggest local government areas that make up 

Owerri Municipal in Imo State, Nigeria. 

 

 
 

Figure 1. Satellite map of study area using Google Earth 

 

 

2. 2. Sample collection 

Packaged sachet water bags ready for distribution to the communities were purchased 

directly from the point of production from the factories. A total of eight (8) sachet water samples 

were collected from four (4) different sachet water companies in the area for two (2) months 

and coded using E1, E2, F1, F2, G1, G2, H1, and H2. In addition, samples of two different 

popular brands of bottled water commonly used in the study area were also sampled and code 

named Con 1 and Con 2 to serve as the control samples. The analyzed sachet and control water 

samples were sourced from companies with NAFDAC registration number, an indication that 

the companies were permitted to produce and supply sachet water for public consumption. 



World Scientific News 175 (2023) 96-108 

 

 

-99- 

2. 3. Physicochemical analysis  

The water samples collected were immediately taken to the laboratory and analyzed using 

standard and reported methods [19]. The pH of the water samples where determined using pH 

meter (JENWAY 3510) following the standard operating procedure. The carbon dioxide 

content of the water samples was determined according to standard operating procedures for 

water analysis as previously reported [20]. Hanna H1-98103 pocket checker plus was used for 

determination of electrical conductivity (EC), followed by mathematical conversion of 

conductivity to total dissolved solid (TDS) (i.e TDS = EC × 0.5). The mineral content of water 

samples were determined by the method used and described by earlier reports [7,21]. The 

concentration of each of the metals was established with an atomic absorption 

spectrophotometer (Agilent 240FS AA). 

 

2. 4. Quality Control 

Laboratory quality assurance was maintained using standard laboratory procedures to 

ensure the integrity of the analytical data. High quality analytical reagent grade chemicals of 

about 99.9 % purity used for the determinations were purchased from Finlab Nigeria Limited, 

Owerri, Nigeria. The reagents used for the analysis of anion concentrations with Hanna multi-

parameter (Hi 83200) Instrument were all purchased from Hanna Instruments. Eco-Still Mark, 

BSIC/ECO-4 (Bhanu Scientific Instruments Company, India) was used to produce the 

deionized distilled water used for the analysis. The sample bottles and glassware were washed 

with detergents, soaked in a 10 % HNO3 in 1 % HCl solution for a night, rinsed in deionized 

distilled water and then dried using an oven (DHG-9023A, B. Brans Scientific and Instrument 

Company, England). The concentration of the heavy metals was determined using Agilent 

240FS AA with high sensitivity greater than 0.9, absorbance of less than 0.5 %, and precision 

greater than 0.5% RSD. 

 

2. 5. Data analysis 

The mean and standard deviation of the result obtained from the physicochemical analysis 

were reported. Models such contamination factors, pollution load index and water quality index 

were used to assess the level of contamination and suitability of the sachet water for 

consumption.  

 

2. 5. 1. Contamination Factor and Pollution Load Index  

The contamination factors (Cf) and pollution load index (PLI) for the contaminants were 

computed as presented in Eq (1) sand (2) according to previous publication [22]. 

 

𝐶𝑓 =  
𝐶𝑚

𝑆𝑇𝐷⁄       (1) 

 

𝑃𝐿𝐼 = (𝐶𝑓1 ∗ 𝐶𝑓2 ∗ 𝐶𝑓3 … … . . 𝐶𝑓𝑛)1/𝑛   (2) 

 

where Cm is the measured heavy metal concentration in the sample and STD is the WHO 

recommended WHO drinking water standard as presented in Table 1 and n is the number of 

metals considered in the study 
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2. 5. 2. Water quality index (WQI) 

The water quality index was computed based on the number of parameters determined in 

the samples. The steps taken to determine the water quality index were according to method 

described by previous publications [7,19,23,24]. In the first stage, the 11 parameters determined 

were assigned weight (wi) based on the importance of the parameter in the overall quality of 

sachet water for drinking quality (Table 4). The maximum weight of 5 was assigned to the 

parameters; phosphate, and nitrate due to their major importance in assessing water quality. 

Chloride was given the minimum value of 1. In the second stage, the relative weight (Wi) were 

computed using Eq. (3). 

 

𝑊𝑖 =
𝑤𝑖

∑ 𝑤𝑖𝑛
𝑖=1

       (3) 

 

where, Wi is the relative weight, wi is the weight of each parameter and n is the number of 

parameters. In the third step, a quality rating scale (qi) for each parameter was assigned by 

dividing mean concentration of the parameters with its respective standard (WHO) and the 

result multiplied by 100 according to Eq. (4). 

 

𝑞𝑖 =
𝐶𝑖

𝑆𝑇𝐷
× 100       (4) 

 

where qi is the quality rating, Ci is the mean concentration of each parameter in each water 

sample in mg/L, and STD is the WHO drinking water quality standard. To calculate the WQI, 

the SI was determined for each chemical parameter using Eq. (5). 

 

𝑆𝐼 = 𝑊𝑖 × 𝑞𝑖        (5) 

 

SI is the sub index of ith parameter; qi is the rating based on concentration of ith parameter and 

n is the number of parameters. The WQI was then calculated according to Eq. (6). 

 

𝑊𝑄𝐼 = ∑ 𝑆𝐼        (6) 

 

 

3.  RESULT AND DISCUSSION 

 

The results of physicochemical properties of the analyzed parameters were presented in 

Table 1, Table 2, Figures 2, 3, and 4. The obtained results were compared to WHO permissible 

limits as shown in Table 1. Only the pH (6.12±0.20) and CO2 (174.25±72.83 mg/L) showed 

mean values (Table 2) that were not in agreement with the recommended limit of 6.8-9.0 and 

50 mg/L by WHO respectively for pH and CO2 (Table 1). Some studies conducted elsewhere 

in Nigeria on sachet water reported higher levels of pH in the range of 6.5 to 8.09 in Kano 

metropolis [5,17] Kastina metropolis [25] and Benin city, Edo State [26]. These values reported 

in these studies were in conformity with WHO standard. The pH of portable water is an esthetic 

quality which measures its degree of acidity or alkalinity. Too low pH can be a sign of pollution 

perhaps from organic material [21]. Consuming water with low acid contents is not 

recommended as it might lead to acidosis, which can cause arrhythmia or irregular heartbeats, 
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imbalanced electrolyte levels and coma [7,10,27,28]. The low pH level may be linked to the 

level of dissolved CO2, so the low pH may be attributed to the high dissolved CO2 levels in the 

sampled sachet water. Therefore, both parameters suggested poor purification process of the 

produced sachet water. IT has been reported that most of the sachet water companies use filters 

and UV treatment for purification of the water samples [7,11]. However, it has been reported 

to be ineffective in removing dissolved CO2 [29] Therefore, to remove dissolved CO2 from 

drinking water, it was recommended that ion-exchange resin should be used [29].  

 

Table 1. Result of physicochemical analysis of sachet water samples 

 

Parameters E1 E2 F1 F2 G1 G2 H1 H2 Con 1 Con 1 
WHO 

(2011) 

pH 6.08 5.83 6.19 6.29 6.36 6.40 5.97 5.99 7.35 6.78 6.8-9.0 

EC (μs/cm) 27.75 29.50 34.4 33.5 34.50 34.55 34.30 34.10 28.56 32.60 1000 

TDS (mg/L) 13.87 14.65 20.04 19.95 17.25 17.27 17.15 17.05 10.85 19.80 250 

CO2 (mg/L) 280 175 125 75 270 116 200 153 23.00 109 50 

PO4
3− 

(mg/L) 
0.04 0.03 0.01 0.02 0.03 0.02 0.06 0.04 ND ND 5 

NO3
− (mg/L) 0.07 0.09 0.18 0.22 0.35 0.41 0.12 0.15 0.07 0.17 10 

Cl- (mg/L) 0.21 0.23 0.09 0.10 0.24 0.20 0.08 0.10 0.10 0.10 100 

Fe (mg/L) 0.10 0.12 0.01 0.01 0.07 0.09 0.12 0.13 0.01 0.01 0.3 

Zn (mg/L) 0.09 0.10 0.62 0.57 1.12 1.10 0.11 0.96 0.01 0.01 3 

Mn (mg/L) ND ND ND ND ND ND ND ND ND ND 0.4 

Cu (mg/L) ND ND ND ND ND ND ND ND ND 0.02 0.3 

N.D = not detected, Con = control, NAFDAC = national agency for food and drug, 

administration and control, WHO = world health organization 

 

 

Table 2. Mean concentration of the analyzed water quality parameters 

 

Parameters 

E F G H 
Grand 

Mean 

Con 

mean 

CV 

% 
Mean Mean Mean Mean 

pH 5.96 6.24 6.38 5.98 6.12±0.20 7.07±0.40 3.33 

EC (μs/cm) 28.63 33.95 34.525 34.2 32.83±2.65 30.58±2.86 8.07 

TDS (mg/L) 14.26 19.99 17.26 17.1 17.15±2.18 15.32±6.33 12.7 

CO2 (mg/L) 227.50 100 193 176.5 174.25±72.83 66.00±60.81 41.8 

PO4
3−(mg/L) 0.035 0.02 0.025 0.05 0.03±0.02 ND 51.6 
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NO3
− (mg/L) 0.08 0.20 0.38 0.14 0.20±0.12 0.12±0.07 62.1 

Cl- (mg/L) 0.22 0.095 0.22 0.09 0.16±0.07 0.10±0.00 44.2 

Fe (mg/L) 0.11 0.01 0.08 0.13 0.08±0.05 0.01±0.00 59.2 

Zn (mg/L) 0.095 0.595 1.11 0.54 0.58±0.45 0.01±0.00 76.5 

Mn (mg/L) ND ND ND ND N.D ND ND 

Cu (mg/L) ND ND ND ND N.D 0.02±0.01 ND 

ND = not detected, SDV = standard deviation, CV % = percentage coefficient of variation, con 

mean = control mean 

 

 

All other parameters such as EC (32.83±2.65 μs/cm), TDS (17.15±2.18 mg/L), PO4
3- 

(0.03±0.02 mg/L), NO3
- (0.198±0.12 mg/L), Cl- (0.156±0.07 mg/L), Fe (0.081± 0.05mg/L), and 

Zn (0.58±0.45 mg/L) were acceptable when compared to WHO standard while Mn and Cu were 

not detected in all samples. The low values of these parameters recorded in this study may be 

probably due to the fact that the water samples had undergone some treatment processes during 

production. However, these values are higher when compared to the control values as shown in 

Table 1. 

 

 
 

Figure 2. Mean concentration of parameters compared to coefficient of variation 

 

 

The mean values of the parameters compared with their co-efficient of variation presented 

in Table 2 and Figure 2 was to establish the level of variation in the mean concentration of the 

parameters within the samples. The level of variation was classified according to previous 

publications [22,30-32]. Figure 2 indicates that Zn showed higher coefficient of variation 
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compared to other parameters. The coefficient of variation is in the order; Zn > NO3ˉ
 > Fe > 

PO4
3ˉ > CO2 > TDS > EC > pH > Cu > Mn. Figure 3 shows the mean values of the analyzed 

parameters compared with the control mean values. It was observed that only CO2 showed 

observable difference in mean values of the samples and the control. This is attributable to the 

elevated dissolved CO2 levels in some of the samples owning to non-utilization of ion-exchange 

resin in the purification process by the sachet water companies. 

 

 
 

Figure 3. Mean concentration of parameters compared to control  

 

 

3. .1 Contamination factor and pollution load modelling 

The level of contamination of the pollutants in the sachet water samples, the 

contamination factors (Cf) and pollution load index (PLI) were computed as described in Eq. 1 

and 2. The results for the calculated contamination factor and pollution load index are presented 

in Table 3 and Figure 4.  

 

Table 3. Contamination factor and pollution load. 

 

Parameters E1 E2 F1 F2 G1 G2 H1 H2 Con 1 Con 2 

Cf 

PO4
2- 0.008 0.006 0.003 0.004 0.006 0.004 0.012 0.008 - - 

NO3
- 0.007 0.009 0.018 0.022 0.035 0.041 0.024 0.015 0.007 0.017 

Cl- 0.002 0.0023 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.001 
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Fe 0.330 0.400 0.033 0.033 0.230 0.300 0.40 0.430 0.033 0.033 

Zn 0.030 0.033 0.210 0.190 0.370 0.370 0.040 0.320 - - 

Mn - - - - - - - - -  

Cu - - - - - - - - - 0.067 

PLI 0.8241 0.8525 0.767 0.758 0.916 0.936 0.851 0.950 0.345 0.586 

 

 

According to Figure 4, all the pollution load of the samples were in the order of Con 

1>Con 2>F2>F1>E1>H1>E2>G1>G2>H2. The result revealed that the sachet water samples 

showed low contamination (Cf< 1) and no pollution load for contaminants (PLI < 1). Therefore, 

the sampled sachet waters were considered not contaminated based on the tested parameters, 

however Con 1 and Con1 have lower contamination factor and pollution load index compared 

to the sampled sachet waters. 

 

3. 2. Water quality index (WQI) 

The water quality index was computed according to Eq. 3 – 6. The result of WQI of the 

sampled sachet water is presented in Table 4. Water quality index was used as a tool to assess 

the suitability of consumption of the sachet water sold within the study area. The classification 

of WQI was associated with a qualitative scale; excellent (WQI < 50), good (50 < WQI < 100), 

poor (100 < WQI < 200), very poor (200 < WQI ≤ 300), unsuitable for drinking (WQI > 300) 

[23]. The results from the calculation revealed that the sachet water samples had mean WQI of 

41.79 (Table 4), suggesting that the sachet water samples were of excellent quality based on the 

analyzed parameters. 

 

 
 

Figure 4. Pollution load of the samples 
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Table 4. Water quality index 

 

Parameter Si Wi Wi Ci (mean) Qi SI 

PO4
3- 5 5 0.119 0.031 0.62 0.074 

NO3
- 10 5 0.119 0.198 1.95 0.23 

Cl- 100 1 0.02 0.156 0.156 0.0031 

Fe 0.3 3 0.07 0.081 27 1.89 

Zn 3 4 0.095 0.584 19.47 1.85 

Cu 0.3 4 0.095 0 0 0 

Mn 0.4 4 0.095 0 0 0 

pH 6.8 4 0.095 6.12 9 0.86 

TDS 250 4 0.095 17.15 6.86 0.65 

Conductivity 100 4 0.095 32.83 32.83 3.12 

CO2 50 4 0.095 174.25 348.5 33.11 

  ∑ 𝒘𝒊 = 𝟒𝟐   WQI = 41.79 

 

 

4.  CONCLUSION AND RECOMMANDATION 

 

Physicochemical analysis was carried out to assess the quality of sachet water sold in 

Owerri North Local Government area of Imo State. Water quality is an important determinant 

of its availability because water which is not fit for use is in effect unavailable. The quality and 

quantity of available water have implication on the health status of a community. The overall 

results showed that the sachet water produced in the study area were relatively safe for drinking 

for some of the determined parameters according to the World Health Organization Standards 

for potable water while the sachets water was also relatively safe for drinking according to 

NAFDAC specification in Nigeria.  

However, the sachet water samples showed elevated CO2 and the low pH levels which 

were not in agreement with the standard values. Though, the overall, contamination and 

pollution load of contaminants were very low and water quality index analysis showed that the 

sachet water samples were of excellent quality.  

However, it is recommended that there should be routine check by the relevant authorities 

to ensure that the quality of sachet water sold in the area maintain excellent quality to ensure 

good health and safety of the inhabitant of this area especially in terms of the microbial quality 

. 
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