Nigerian Journal of Environmental Sciences and Technology

A& @D A (NIJEST) TR
www.nijest.com S
NIJEST ISSN (Print): 2734-259X | ISSN (electronic): 2734-2603 e =
Vol 9, No. 2 October 2025, pp 42 - 51 e

Physicochemical and Bacteriological Quality of Sachet Water from Selected
Factories in Katsina State, Nigeria

!Abdulmutallab, M. and 2 Muhammad A.S.
!Department of Biological Science, Al-Qalam University Katsina, Katsina State, Nigeria
2Department of Microbiology, Al-Qalam University Katsina, Katsina State, Nigeria
Corresponding Author: muhammadksoro99@gmail.com

https://doi.org/10.36263/nijest.2025.02.48

ABSTRACT

This study was conducted to assess the physicochemical and bacteriological quality of sachet water
produced by selected factories in Katsina State. The analysis was carried out at Al-Qalam University,
Katsina, using water samples collected during the rainy season of 2022. Twenty samples from each water
brand were obtained directly from the production sites. Physicochemical parameters were evaluated using
standard qualitative meters and titrimetric methods, while bacteriological quality was assessed using the
Most Probable Number (MPN) technique. Results indicated that the Physicochemical parameters generally
met standards, with mean readings within the same range (P < 0.05), indicating compliance. However,
deviations were noted in pH (5 brands) and temperature (all brands). Bacteriological analysis showed all
brands had coliform contamination exceeding guidelines, with only one brand meeting the 10 coliforms/100
mL limit. Bacterial load readings were similar across factories (P > 0.05), indicating all brands are unsafe
for consumption. The findings are based on rainy season data; seasonal variations may impact water quality.
These findings highlight the need for enhanced regulatory oversight and improved production practices in
sachet water factories across the region.

Keywords: Physicochemical parameters, Bacteriological quality, Sachet water, Katsina, Drinking water
standard, E.coli

1.0. Introduction

Safe drinking water is an essential resource for the survival of all humans, (Addo et all., 2020). However,
inadequate access to safe drinking water is a major problem in most developing countries, (Onivefu et all.,
2024). In numerous West African countries, the pace of urbanization has surpassed official initiatives to
enhance the availability of safe drinking water, (Moulds et all., 2022). As a result, many households have
sought solutions from the private sector to meet their drinking water needs. Among the various methods
employed by private vendors is the market for sachet water. The popularity of sachet water, commonly known
as ‘pure water’, has surged significantly in West African countries over the past 20 years, (Stoler et all., 2017).
Packaged in a clear plastic bag, sachet water typically contains 500 ml of purified water, sealed at both ends
using an electric heating process. It provides a convenient and affordable source of drinking water to millions,
particularly in low- and middle-income countries, (Mosi et all., 2018).

The increasing dependence on packaged sachet water as a primary drinking water source in Nigeria,
particularly in urban and peri-urban areas, underscores the urgent need for this study. Despite its affordability
and widespread consumption, concerns persist regarding microbial contamination, chemical pollutants, and
improper storage practices, which pose significant public health risks. Studies have reported instances of
bacterial contamination, excessive levels of heavy metals, and non-compliance with regulatory standards,
highlighting the inconsistent quality control measures within the sachet water industry. However, there
remains limited data on the safety of sachet water brands in Katsina State, making it difficult to assess their
compliance with acceptable standards. This study seeks to contribute to this effort by evaluating the
physicochemical and bacteriological properties of sachet water brands marketed by ten selected factories
within Katsina State, comparing them rigorously with both national (SON, NIS) and international (WHO)
standards to provide an evidence-based assessment of their safety and suitability for human consumption.
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2.0. Materials and Method

2.1. Study Area

Katsina town is located between latitude 12°08” N and 10°19°N of the equator, and longitude 7°32°E and
7°51’E of Greenwich Meridian. Katsina town is capital of Katsina state. The town has a total population of
222,644 National Population Commission, (NPC, 2006). The vegetation was largely modified because of
many years of bush clearing/burning, cultivation and fuel wood extraction. The town is characterized by both
hot and dry seasons. The temperature here average is 260C and the annual rainfall average is 600mm.The
rainfall last for six (6) month which starts around May to October, and dry seasons usually occur November
to April (Olofin, 2014). The economic activities of the people include: Trading, Farming, Welding, livestock
Rearing, Carpentry, and Civil Servants. However, there are quite a number of economic activities such as
blacksmith, laborers, food vendors, tie and dye and other technical activities that serve as economic base of
the people.. Katsina’s role as a trade and logistics center has driven population growth and increased reliance
on packaged sachet water due to an unreliable public water supply. These factors make Katsina an ideal study
area for evaluating sachet water quality and its public health implications. Figure 1 below presents a map of

the research area.

TIEI0E T3I70E TITICE 7°380CE TISIOE 7T°I90E
1 1 1 1 1 1
Giginya
L S
2>
-l eS| Market 25 Q\;’
- H <= New [Sovt Hous
&5 !
O i .
o H Ra'uiks‘\_ Kofx Ssud Samaha @ p——-dto L . .
EL ........ > TS ® K/Shuri Mg H. C
Dutsin _éa'eN 7 ! > B i H
o 4 ./’D 1 Yammaws // L} ! i
- 3 \ .
B Cp Tratdn: PN etsmadfan: Hospisd ! Goruba Estaje
e o | Y & 7, Samijii i 22>
’ A A % ; i i ho® - -
s ‘(_.--x;-' ________ = I A= idabing 3 N
A 5 & H Old Govidoude
Kofer\ouga L £/ % | wapa KofshDupbi gogo Road  f T T g
7 X p; !
N i 4 1
. 7 i Y
= y 3 ; ;| s RO2
E- #rsnuni LN/ .
= Federsl Medicsl Centre Kats ina L . Kofsd Pyarisa 7 i =
A & . £ {1 PP Habil
sy N A . I = =
S B~ o & / Mai Lambu  Fanwar Loweo:
Filin Polo WWYapdpka RiDagi "L . 7 5:;;‘[}{ K/Maglsa Lay
o e e Dt L 4 Gamzaki
K K 3 / o
- > i e caes TAT Maternal Hos pial
=] ; > Carkanda Stadium
= K/Kaura Copip Centre s
. Kofsr FE
- @
v crzal 3 3 “z,
- ’ I C© IMarket - .
= SraNiLow Cost /7 R, s T SaBuwar LRSS 22
P Apbafir Roa8S AbbstnicrCeddral Motdrpark -%Jad:ed
—~ Y
- hos oy 158 Tudun Matawalle
= 7 ® Barhin Es tat
g Soxdtc Rima ULT
£ Dana Steel M =3
°
= Secretariat
°
>
= @o@ Shema ICT Cesfire
= K o
& =2
Fatima Shema s ing
Shoy ing Mall
L)
UlulAlbab A v Ssudauna Housing
Legend - ®
P
= @ Table Water
24
= £ Some Hospials
=
® \Wards S
o= g~
Express Way = ?}o‘p
E
M ajor Road = X
[=}
s —--—-- Minor Road 0 0225045 09 1.35 1.8
= Km
& T T T T T T
ey TISWE T°3TOE 7TITOE 7T3IS0E TISWE TISOE
Souwce: GIS Lsb UMYU
Abdulmutallab and Muhammad. 2025 43

10°20N

11N

11N

10N

1'0rN

12°%0'N

12'TN

120N



Nigerian Journal of Environmental Sciences and Technology (NIJEST) Vol 9 No. 2 October 2025, pp 42 - 51

2.2. Sampling

Ten sachet water production facilities were selected for this study based on their high consumption rates.
Water samples were collected directly from each factory during the rainy season (August and September
2022). The brands were anonymized with coded labels (MD,JD,UT,GZ,ML,HB,GY,SM,ND,WP). The
factories included: Mai-Dabino Table Water (MD) on IBB Way, Jadeed Table Water (JD) at Barhim
Estate, Mani Road, U.I.T Table Water (UT) Along State Secretariat Road, Gamzaki Table Water (GZ)
on Yahaya Madawaki way, Mai-Lambu Table water on Sokoto Road, Kofar Marusa, Habil Table Water
(HB) on Daura Road, Kwado, Giginya Table Water (GY) on Kaita Road, Samaha Table Water (SM) on
Olosegun Obasanjo Drive, Na-Dada Table Water at Dutsin Safe Lowcost, and Wapa Table Water (WP)
on Nagogo Road, katsina. All factories utilized groundwater as their primary water source. Samples were
transported to the Department of Biological Sciences Laboratory at Al-Qalam University, Katsina, on
ice packs to maintain a cold chain. Both physicochemical parameters and bacteriological quality were
assessed using standard procedures.

2.3. Determination of Physicochemical Parameters

The physicochemical parameters of the water samples were analyzed following standard procedures
outlined by the American Public Health Association (APHA, 2005). pH was measured using a Hanna
digital pH meter. Electrical conductivity and total dissolved solids (TDS) were determined using a Bio-
based bench top conductivity/TDS/salinity/resistivity meter. Turbidity was measured using a Hanna
turbidimeter (Model HI7698594), while temperature readings were taken using a mercury-in-glass
thermometer. Calibration procedures for each instrument were performed following the manufacturers
guidelines to ensure accuracy, also detection limits for each instrument were adhered to as per standard
protocols.

Chloride concentration was determined via titration: 50 mL of the water sample was transferred into a
conical flask, followed by the addition of 2 mL of potassium chromium (1) sulfate as an indicator. The
mixture was gently swirled and titrated with a silver nitrate (AgNO3) solution until a brick-red precipitate
was observed. The chloride concentration (mg/L) was calculated using equation 1:

Chloride (mg/L) = (A - B) x M x N x 35,450/\V/ 1)

Where:

A= Volume of Silver Nitrate (AgNO3) titrant used for the sample (in mL)

B = Volume of Silver Nitrate (AgNQOs) titrant used for the blank (in mL)

M= Molarity (concentration) of the Silver Nitrate (AgNO3) solution (in mol/L)

N = Number of electrons in the reaction (For Chloride, this is because Ag* + CI- {AgCl})
V= Volume of the water sample titrated (in mL)

35,450 = The conversion factor, which is the molar mass of Chloride (35.45 g/mol) multiplied
by 1000 (to convert from g/L to mg/L).

All measurements were conducted in triplicate, and the average values were recorded.

2.4. Bacteriological Analysis

Bacteriological quality was assessed using the Most Probable Number (MPN) method for coliform
detection, as described in the Standard Methods for the Examination of Water and Wastewater (APHA,
2005, 21st edition). The procedure involved a presumptive test using lactose broth medium to detect gas
production, followed by a confirmatory test. For the confirmatory test, a loopful of broth from a positive
tube was streaked onto Eosin Methylene Blue (EMB) agar plate for pure colonies. The plates were
incubated at 37°C for 24h. Metallic sheen colonies on EMB agar, were presumptively considered to be
Escherichia Coli.

2.5. Statistical Analysis
Data obtained from the microbial quality assessment and physicochemical parameters of the 10
sachet water samples were subjected to statistical analysis using one-way analysis of variance
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(ANOVA) to compare the mean microbial loads and physicochemical parameters across the
brands equation 2 was used:

Yij=p+ o+ g 2

Where: Yj; = observed count for the jth replicate of the ith sachet water brand, p = overall
mean of the counts, a; = effect of the ith sachet water brand, &; = random error term assumed to
be normally distributed with mean zero and constant variance

The test was performed at a 95% confidence level (p < 0.05). All statistical analyses were performed
using Microsoft Excel 2016.

3.0 Results and Discussion

3.1. Physicochemical Parameters:

3.1.1. Temperature (°c):

Temperature is a measure of the average thermal energy of a system. In this study, the recorded temperature
of the ten sachet water brands ranged between 26.9°C and 28.6°C, with an average value of 27.48°C (Table
1). The result shows that the temperature for all ten sachet water brands met the WHO standard of 28°C, but
does not conform to the NIS standard of 23.5°C. The deviation in temperature from NIS standards could be
attributed to temperature changes during transportation, or handling procedures in the laboratory, which may
have altered the water temperature, leading to discrepancies between measured and ambient temperatures.
Elevated temperatures in potable water can accelerate microbial activity, enhance chemical reaction rates,
and decrease dissolved oxygen levels, all of which may compromise water quality. Different results were
obtained by (Afeez et al. 2025) in Dutse Urban Area, with temperature readings exceeding the WHO
recommended limit. The impact of increased water temperature extends beyond microbial growth, as it can
alter the solubility of gases and minerals, influence corrosion rates in distribution systems, and intensify taste,
odor, and color variations (Adesakin et al., 2020).

Table 1: The Mean (Average) Physicochemical parameters obtained compared with WHO, NIS and
SON standards.

Factory Temperature pH Conductivity Chloride TDS Turbidity
code (09 ((13) (mg/1) (ppm) (NTU)
MD 28.6 7.88 202.3 27.62 101.6 1.16
JD 27.2 571 15.13 15.91 7.63 1.16
uT 27.3 5.33 11.52 26.47 55.0 1.16
GZ 27.3 5.44 163.8 37.81 82.2 1.16
ML 27.1 5.42 203.3 46.01 101.5 1.16
HB 26.9 5.27 136.1 33.67 68.0 1.16
GY 26.9 7.81 192.0 28.05 1.02 1.16
SM 28.2 7.74 205.0 34.19 105.1 1.16
ND 27.1 7.84 113.0 47.26 89.3 1.16
WP 28.2 7.92 115.3 32.10 0.60 1.16
Mean 27.48 6.636 135.745 32.909 203.98 1.16
SD 0.59 1.20 69.75 8.87 59.58 0.81
Range 28.6-26.9 7.88-5.27 202.3-15.13 47.26-15.91 105.1- -
0.60
WHO 28 6.5-8.5 1500 250 600-1000 5
standard
NIS 235 7.50 1000 100 500 5
standard
SON Ambient 6.5-8.5 1000 NA 500 NA
standard

Key: WHO = World Health Organization NIS =Nigerian industrial standard, SON = Standard
organization of Nigeria NA = Not Available by The Author SD = Standard Deviation
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3.1.2. pH:

pH is a measure of alkalinity or acidity of water (New school chemistry). P is an essential parameter
required for evaluating the acid-base balance of water (Sharma et al., 2011). In this study the mean pH
value of all the ten brands ranged between 7.88-5.27 with an average value of 6.63 (Table 1).The result
shows that the pH of five brands which are MD, GY, SM, ND and WP does not conform to the NIS
standard which is 7.50, but conform to WHO and SON standard which is 6.5-8.5, and the remaining five
brands fall under the standards of both WHO, NIS and SON, P" is an important parameter used to ascertain
water quality (Sunday et al., 2011).

The authors also added that microorganism that frequently changes their pH can either produce acidic or
basic metabolic substance as waste. . Different results were obtained by (Afeez et al. 2025) and
(Anyamene et al., 2014) in which the mean pH values of all sachet water samples fell within the WHO
recommended range. Highly acidic water with pH values less than 6.5 can corrode pipes, leaching toxic
metals like lead and copper, while highly alkaline water with pH values greater than 8.5 may cause an
unpleasant taste and reduce disinfection efficacy.

3.1.3. Conductivity( u):

Electrical conductivity (EC), also called specific conductance is a measure of the ability of a water sample
to convey an electrical current, it is often used to express the numerical content in water. The result
obtained from this research study indicates that the range obtained is between 202.3-15.13 with an average
value 135.745us (Tablel), which was consistent with the standard value of WHO which is 1500 and also
consistent to the NIS and SON standard which is 1000. This is similar to the result obtained in Owerri
Metropolis and five Local Government Areas of Nasarawa state by (Nwosu et al.,) and (Sheshe et al.,) in
which their conductivity were below 1000us.

These values indicate that the sachet water contains an optimal level of dissolved ions, ensuring good taste
and mineral balance without exceeding safe consumption thresholds. Low EC values suggest effective
purification processes, such as reverse osmosis and deionization, which remove excess dissolved salts.
However, extremely low EC levels (<50 pS/cm) may indicate excessive demineralization, potentially
leading to a lack of essential minerals needed for electrolyte balance and metabolic functions. On the other
hand, excessively high EC values may result from industrial effluents, agricultural runoff, or natural
mineral deposits, potentially causing taste alteration, scaling in pipes, and adverse health effects.

3.1.4. Chloride (Mg/l)

Chloride is a naturally occurring element that is common in most natural waters and is most often found
as a component of salt (sodium chloride) or in some cases in combination with potassium or calcium),
chloride is one of the most important parameter in assessing water quality, the higher concentration of
chloride indicates higher degree of organic pollution (Yogendra and Puttaiah, 2008), high concentration
of chloride may be due to natural process such as the passage of water through natural salt formations in
the earth or it may be an indication of pollution from industrial or domestic use. The result obtained from
this research study indicates that the range obtained is between 47.26-15.91 and an average value of 32.909
(Table 1), which was consistent with the standard value of WHO which is 250mg/I and also consistent to
NIS standard which is 100mg/I.

These results align with previous studies by (Onivefu et al. 2024) and (Alex et al. 2015), who reported
chloride concentrations of 12.8 - 28.3 mg/L and 3.28 - 34.5 mg/L, respectively, in sachet water samples
from different regions. The chloride levels detected in this study indicate that the sampled sachet water
brands are free from excessive salinity, which can alter taste and cause corrosion in plumbing systems.
According to (Adeyeye et al. 2017), the human body requires approximately 81.7 mg/L of chloride daily,
with minors needing a lower intake of around 45 mg/L. Excessive chloride intake may pose health risks
to individuals with sodium chloride metabolism disorders, such as those with hypertension or congestive
heart failure (WHO, 2022). However, for healthy individuals, the levels recorded in this study are safe for
consumption.
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3.1.5. Total Dissolved Solid (ppm):

The main constituents of the total dissolved solids were calcium, magnesium, sodium, bicarbonates,
chlorides and sulphates. Total dissolved solids affect the taste of drinking water if present at high level.
WHO recommended 600-1000 ppm (Oparaocha et al., 2011). In this research work, the total dissolved
solids ranged from 105.1-0.60ppm with the average value of 203.98ppm (Table 1), which falls within the
WHO, NIS and SON Standard. This is similar to the result obtained in Owerri and Lagos Metropolis by
(Nwosu et al., 2004).

Also Studies by (Chiwetalu et al. 2022) and (Adedire et al. 2021) corroborate these findings, highlighting
the efficiency of reverse osmosis and advanced filtration techniques employed in sachet water production.
While high TDS levels (>500 mg/L) can lead to an unpleasant taste and scaling in plumbing systems,
excessively low TDS (<100 mg/L) can make water taste flat and unpalatable, depriving consumers of
essential minerals needed for hydration and metabolic functions. Maintaining optimal TDS levels is crucial
for ensuring safe drinking water while preserving beneficial mineral content. WHO (2012) suggests that
ideal drinking water should contain moderate TDS levels ranged from 150 — 500 mg/L, so as to balance
purity and essential mineral intake.

3.1.6. Turbidity NTU:

Turbidity is a measure of the clarity of water, determined by the presence of suspended particles such as silt,
clay, organic matter, and microbial contaminants. High turbidity levels can reduce the effectiveness of water
disinfection processes, as suspended particles may harbor bacteria and viruses, shielding them from
disinfection agents. The turbidity levels of the sachet water sample in this study ranged from 1.6-1.6 with an
average value of 1.16 (Table 1), this result falls within the WHO and NIS standard which is SNTU. Studies
in various Nigerian cities have shown similar findings, (Umoafia et al.,2023) reported turbidity levels
between 0.41 and 0.99 NTU in sachet water samples, demonstrating efficient filtration methods used in
production. However, (Milkiyas et al. 2011) reported higher turbidity values in some regions, likely due to
inadequate filtration and poor handling.

Maintaining low turbidity levels is crucial for water safety, as excessive particulate matter can compromise
disinfection efficacy and consumer perception. Clear water is generally preferred over turbid water, as high
turbidity can indicate contamination or insufficient treatment. Turbidity can result from poor storage,
compromised packaging, or ineffective filtration methods. The turbidity readings in our study showed no
variation, which may be attributed to equipment limitations, such as calibration issues or insensitivity to
detect subtle changes in turbidity.

Alternatively, sample characteristics, such as uniform particle size or low concentrations, might have
contributed to the lack of variation. Despite these limitations, the study provides valuable insight in assessing
the quality of sachet water from the selected brands. Future studies could benefit from using more sensitive
equipment or exploring different measurement methods to capture a wider range of turbidity values.

3.2 Bacteriological Analysis Most Probable Number (MPN):

3.2.1 Presumptive and Confirmation Test

Most probable number (MPN) is a presumptive test in which tube showing gas production are counted,
by counting the number of tubes showing a positive result and comparing with standard statistical table, a
statistical estimate of the MPN of the bacteria were made. The result of the coliform count for the ten-
sachet water using most probable number (MPN) is represented in (Table 2).

This result shows that none of the water brands met the WHO standard of Zero (0) coliform per 100ml,
while only one out the ten met the NIS standard which is 10 coliforms per 100ml, with the sachet water
brands MD, HB, ND and WP having the highest number of coliform count and the remaining five brands
that has a count of 290 below.
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Table 2: MPN Table Showing the Result of Bacteriological Test of the Sachet Water Brands.

Quantity of water (ml)
10ml Iml 0.1ml
Number of samples of each quantity tested
Factory Code Nuriber of tubes gi::)/ing positive reast):tion MPN/100ml

MD 3 3 3 1100
JD 2 0 0 9.2
uT 2 1 1 20
GZ 3 2 3 290
ML 3 0 0 23
HB 3 3 3 1100
GY 2 3 3 53
SM 3 2 3 290
ND 3 3 3 1100
WP 3 3 3 1100

Key: MPN = Most Probable Number

The results from the confirmation test confirmed the presence of E.coli (Figure 2), as indicated by the
green metallic sheen on EMB agar. The presence of coliform especially Escherichia coli in water simply
indicated faecal contamination and the possible presence of bacterial pathogens (Osho et all., 2006). The
presence of these organisms in drinking water could cause a number of diseases such as gastroenteritis,
diarrhea, typhoid fever and cholera which are indicative of poor drinking water quality. This aligns with
findings from previous studies such as, (Anyamene et al., 2014) and (Omalu et all., 2012) which also
reported microbial contamination in sachet water from different regions. However, Different results were
obtained by (Afeez et al., 2025) in Dutse Urban Area, in which water samples showed no presence
of total coliforms, Escherichia coli, or total bacterial count. The high coliform count obtained
from this research may also result from environmental factors or sampling issues, which could
lead to elevated readings.

Figure 2: E.coli Confirmation on EMB Agar.
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3.3 Statistical Analysis:

The statistical analysis revealed that while physicochemical parameters generally complied with standards
(P < 0.05), microbial load readings were similar across factories (P > 0.05), indicating a consistent level
of contamination. This suggests that the production processes or source water quality might be comparable
across brands, highlighting a need for improved sanitation practices.

Table 3: The experimental mean physicochemical parameters compared across the brands.
ANOVA

Source of SS df MS F P-value F crit Decision
Variation
Between 2373128.41 4 593282.1025 8.313309 0.001188 3.11225 S
Groups

Within Groups 999114.751 14 71365.33939
Total 3372243.16 18

Key=Significant if (P<0.05), NS= Not significant if (P=0.05).

Table 4: The experimental Bacteriological count compared across the brands.

ANOVA

Source of SS df MS F P-value F crit decision
Variation

Between Groups 808698.9 9 89855.43 0.543243 0.825908 2.392814 NS
Within Groups 3308114 20 165405.7

Total 4116813 29

Key= S = Significant if (P<0.05), NS= Not significant if (P>0.05).

4.0 Conclusions

The physicochemical parameters of the sachet water samples, including conductivity, total dissolved solids
(TDS), chloride, and turbidity, were within permissible limits set by drinking water standards. However,
pH and temperature deviations were observed. Five brands exceeded the Nigerian Industrial Standards
(NIS) pH range, while all ten brands failed to meet NIS temperature standards, although they complied
with World Health Organization (WHO) guidelines. Bacteriological analysis revealed coliform
contamination in all samples, with only one brand meeting NIS limits, indicating poor sanitation practices.
To improve safety, UV sterilization and enhanced packaging hygiene, such as using sterile containers and
automated filling systems, are recommended. Regular monitoring and enforcement of regulations are
necessary to ensure sachet water safety in urban areas with inadequate public water supply systems. This
study had limitations, including the omission of heavy metal analysis, which is crucial due to potential
pollution from agricultural runoff. Further research should investigate heavy metal presence, focusing on
leaching from polythene packaging, and assess other sachet water factories in Katsina State to identify
location-specific variations. Additionally, studies on seasonal variations in water quality are recommended
to capture potential fluctuations in contamination levels.
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