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Abstract:

Drinking sachet water quality was investigated in Mubi metropolis, Adamawa state, Nigeria, to ensure the continuous
supply of clean and safe drinking water for the public health protection. For that reason, detailed biological, physical
and chemical analyses of drinking water samples were carried out in different companies that produce sachet water
in Mubi metropolis, Adamawa state. A number of parameters such as pH, turbidity, conductivity, total suspended
solids (TSS), total dissolved solids (TDS), and heavy metals such as Cu, Zn, Mg, Fe, Cd, Pb, Cr, As, Hg, and Sn were
analyzed for each water sample collected period the period of five weeks. The obtained values of each parameter were
compared with the standard values set by the World Health Organization (WHO) and local standards such as
National Drinking Water Quality Standard (NDWQS). The values of each parameter were found to be within the safe
limits set by the WHO and NDWQS. Overall, the water from all the locations was found to be unsafe as drinking water.
NAFDAC should carry out regular and frequent surveys of sachet water quality analysis for proper monitoring and
management of sachet water production and its quality, Sachet water producing companies should endeavor to carry
out proper treatment of the water they produce to ensure it is free of pathogens. Due to the associated effect of excess
nitrate in drinking water on infants, it is recommended that some of these sachet waters be avoided for infant’s
consumption. This study recommends further studies to investigate the life of sachet water in the area beyond 5 weeks
and to critically examine the biological quality of the sachet water produced in the area.

Keywords: Biological parameters, chemical parameters physical parameters, and Water quality

1. Introduction

Water is an indispensable resource that is needed for the continued existence of all living things including man.
Human life depends to a large extent, on water. It is used for an array of activities such as domestic, industrial, agricultural,
transportation and others. Adequate supply of fresh and clean drinking water is a basic need for all human beings (Edema,
et al, 2011). One of the major and critical problems in most developing countries today is the provision of inadequate and
safe drinking water to its populace (Kulshershtha, 1998). Most people living in the major cities of Nigeria do not have
access to pipe borne water, either it is unavailable or inadequate where obtainable (Omalu, et al., 2010). Therefore, people
resorting to the costlier alternative of buying water from vendors, sachet or bottled water has become a major source of
drinking water. Sachet water, a brand of packaged water, has gradually become the most widely consumed source of
drinking water for both the rich and the poor in Mubi metropolis, Adamawa state and Nigeria at large.

It is the brand of choice to most people because it is cheaper alternatively to the bottled brand. Hygiene, purity,
tastes and most importantly, safety is probably amongst various reasons for sachet water consumption. Unfortunately, the
problems of its purity and health concerns have begun to manifest (Oladipo,et al, 2009). That is why assessment of the
physical, chemical and biological properties of sachet water should be inevitable and non-temporal. Water pH is simply the
alkalinity or acidity of water and plays a major role on water suitability and usage (World Health Organization, 2003,
Adline, and Alaso, 2015).Electrical conductivity (EC) is a measure of ability of water to conduct electricity (Pankaj, Nihar,
Mihir, and Malabika, 2015). According to Isikwu, and Chikezie (2014), the EC value of water depends on the concentration
and degree of dissociation of electrolytes and it gives a good idea of the amount of dissolved material in the water.
Turbidity is determined by suspended solid particles such as clay, silt, organic and inorganic matter, soluble coloured
organic compounds, plankton and microscopic organisms in water (Minnesota Pollution Control Agency, 2008). According
to Isikwue and Chikezie (2014), the total hardness is an indication of the presence of calcium, magnesium salts or both in
water.
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Total dissolved solid (TDS) is the term used to describe the inorganic salt and small amount of organic matter
present in water (Mohammad, Mohammad, Tanzina, Shafkat, Rabiul, Barun, 2016). The principal constituents are usually
calcium, magnesium, sodium and potassium cation, carbonate, hydrogen carbonate, chloride, sulphate and nitrate anion
(WHO, 1996; Mustafa, et al., 2013).Dissolved solids in water can affect the suitability of water for drinking, domestic,
industrial and agricultural uses (Rahmanian, Siti, Homayoonfard, Ali, Rehan, Sadef, and Nizami 2015, Patterson, Johnson,
2003). At higher levels, drinking water may have unpleasant taste, odour, and cause gastrointestinal distress and have
laxative effects on consumers (Oteze, 1991; WHO, 1996; Isikwue, and Chikezie, 2014). However, consumption of water
with extremely low TDS level is not recommended as it has been reported to exhibit flat insipid taste (Bruvold, and
Ongerth, 1969; WHO, 1996) and may also lead to some health challenges such as goiter, hypertension, ischemic, heart
disease among others, especially, in the presence of poor dietary habits (Akpoborie, and Ehwarimo, 2012).According to
Isikwu, and Chikezie (2014), chlorine is invariably present in small amounts in almost all water body and its contents go
up appreciably with increasing salinity. However, excessively high concentration of chlorides is an indication of pollution
(Nayla, 2019). Lack of information on physical, chemical factors and biological organisms associated with drinking water
creates some uncertainties in our understanding of the overall quality of drinking water in our markets. In essence,
although sachet water is readily available and affordable, there are concerns about its purity. This issue is of public health
significance due to the continuous increase in the sale and indiscriminate consumption of sachet unwholesome drinking
water in Mubi metropolis, Adamawa state and Nigeria at large. This prompted the researcher to assess thephysical,
chemical and biological properties of sachet water in Mubi metropolis, Adamawa state of Nigeria.

1.1. Study Area

The study was conducted in Mubi metropolis, Adamawa state, Nigeria. The area is located between latitude
9°30'and11°north of the Equator and longitude 13°20" and 13°35'East of Greenwich Meridian (figure 1). Mubi metropolis,
Adamawa state accommodates the dry land areas of Mubinorth and south, Adamawa state. Mubi metropolis, Adamawa
state is bounded to the south by Maiha local government, to the east by Cameroun Republic, to the north by Michika local
government and to the west by Hong Local Governments Area. The area is located at an elevation of 1200 to 1500 meters
above sea level(Yonnana, Adebayo, and Mahmud, 2008).
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Figure 1: Mubi Metropolis, Adamawa State
Source: Researcher Extracts (2021)

The land surface is generally undulating. According to Adebayo (2014), many rivers, including the Yedzeram River
from which the state derives its water sources for drinking, have their source in the eastern part of the metropolis. Muvir
and Njairi Rivers are also tributaries to the Yedzeram River flows across the Mubi town. According to Yonanna, et al,
(2020), the climate of the area is of the tropical savanna type with distinct wet and dry seasons. Rainfall pattern of the area
is generally characterized by long and short rainy season with short and long dry season. The long rainy season starts in
May and lasts to the end of October, with a peak period in August. The mean annual rainfall for the region is about 1200
mm. The mean monthly temperature is about 37°C with a mean monthly range of 8°C. The mean relative humidity is over
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85%. The study area is exclusively located in the Basement Complex of the northeastern Nigeria. The basement was last
affected by the 600 + 150 Ma Pan-African orogeny which resulted into plates’ collision between the passive continental
margin of the West African craton and the active Pharusian continental margin (Dada 2006). According to Adediji and
Ajibade (2005), the study area is underlined by six rock types. These rocks types include pegmatite (P) and Schist,
Pegmatised (Sp), Gneiss and Migmatite, undifferentiated (M) and Porhyroblastic gneiss (OPg), Charnockitic metal intrusive
(CL/M) and Quartzite and quartz-schist (Q).

The vegetation of the area is in the tropical Savanna belt region. It is characterized by tufted savannah grasses and
dotted with trees especially mahogany (Symth and Mongomery, 1962). Although, much of the natural vegetation has been
depleted largely due to crop cultivation, which is the dominant economic activity in the area. Hunting is an important
traditional occupation in Mubi metropolis, Adamawa state, and this has led to considerably dwindling of the game
population of the area (Adewale, 2017). The notable species found in the area include mouse, rat and squirrel. Yonanna,et
al, (2020) reported that the soils of the area belong to the highly ferruginous tropical red soils associated with basement
complex rocks. As a result of the dry humid savanna cover in the area, the soils are generally deep and of two types,
namely, deep clayey soils formed on low smooth hill crests and upper slopes; and the sandy hill wash soils on the lower
slopes. The well drained clay soils of the hill crest and slopes are very important, because they provide the best soils for
cocoa cultivation in the area. The lighter loams are more suitable for cultivating the local food crops such as yam, cassava
and maize. Soil degradation and soil erosion are generally not serious in the area, but considerable hill wash is recorded
along the slopes of the hills.

1.2. Materials and Methods

DR/2000 instrument,thermometer,Digital pH meter,Hatch conductivity meter 4600,potable turbidity meter,
standard EDTA, incubation, spectrophotometer, potassium chromate,alcohol, test strip kit, pour plate, membrane, Eosin.

Seventeen sachet water factories are presently registered with NAFDAC in Mubi metropolis, Adamawa state.

Using sample size calculator to calculate the number of factories to be sampled, seven pure water factories was used as the
sample size for this study. Thus, seven water brands with NAFDAC certification were randomly selected for this study.
Two bags of each brand of sachet water, containing twenty sachets each, was procured from each factory immediately
after production, it was labeled and transferred to the laboratory for standard analysis. These samples were labeled SW1 -
SW7. The samples were stored at room temperature. The physical, chemical and microbial quality of the water samples
was examined at intervals of two weeks after the week of production to a period of fifth weekto examine if the quality of
the water deteriorates with time.

2. Methods of Data Analysis

2.1. Laboratory Analysis

Laboratory analysis was carried out on water samples to provide relevant information necessary to achieve the
aim and objectives of this study. Essential water parameters such as colour, pH, hardness, total alkalinity, dissolved
oxygen, organic constituents among others that determines the quality of water (Denloye, 2004) was analyzed on the
week of production, third week and fifth week. Laboratory analysis was carried out using standard procedure as shown in
Table 1.

S/N Test Method and Procedures
1. Colour This was measured using the Platinum-cobalt Standard Method. The
DR/2000 instrument was used. Nkrumah (2011)

2. Odour Odour was determined through the sensation of smell.

3. Temperature This was measure using thermometer.

4. pH Water pH was determined using a Digital pH meter. The meter was
calibrated using different buffer solutions of pH 12.1, 10.1, 7.0 and 4.

5. Electrical A Hatch conductivity meter 4600 was used to determine electrical

Conductivity conductivity. An electrode connected to a meter was immersed into
the sample of water so that the water covered a sensitized electrode.
A stabilized value on the display was obtained and recorded.
6. Turbidity This was determined using a potable turbidity meter. The meter was
calibrated by standardizing with distilled water and the sample
placed inside the cell holder.
7. Total Hardness | Total hardness was analyzed by titration of 50 ml water sample with
standard EDTA
8. Dissolve Dissolved oxygen was measured titrimetrically using Winkler’s
Oxygen method after 5 days incubation at 293 K
9. Nitrate This was measured by direct reading of spectrophotometer at 425
nm radiation by making a colour complex with Nessler’s reagent.
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S/N Test Method and Procedures

10. Chlorine It was measured by titrating a known volume of sample with

standardized silver nitrate solution using potassium chromate
solution in water or eosin/fluorescein solution in alcohol as

indicator.
11. Iron It was measured through a colour changing test strip kit to detect the
level of iron in the water.

12. Total Bacteria Total heterotrophic bacteria in the water samples were obtained
Count using the pour plate method.

13. Total Coliform | The enumeration and isolation of coliform bacteria was by the use of
Count the membrane filtration technique (Eckner, 1998; Jagalset al., 2000)

and growth on MacConkey agar.
14. E-coli The presence of Escherichia coli in the water samples was assessed

by growth and colour reaction on Eosin

Table 1: Laboratory Analysis
Source: (APHA 1985, Degrandpre 1993, APHA 1998, Trivedy, andGoal 1986,
Kodarkar1992, Wang 2002, ASTM 2003, Owolabi, Et Al, 2014, Akpen, Et AL, 2018)

3. Results and Discussion

3.1. The Physiochemical and Biological Properties of Sachet Water in MubiMetropolis, Adamawa State

During the first week of production as shown in table 2, all sachet water sampled was colorless and odorless. The
temperatures of all the sachet water sampled were homogenous and ranges between 27.30°C and 27.60°C, with an
insignificant variation of 0.35%. The pH ranges from 7.10 to 8.20 and have a mean of 7.59, with Mugulbu Water having the
highest pH value at 8.20 while AdsuMubi water and Whorawater have the lowest pH of 7.10. The pH of the sample sachet
water exhibited an insignificant variability of 5.01% (table 2).
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Table 2: Physiochemical and Biological Properties of Sachet Water in MubiMetropolis, Adamawa State (Week 1)
SD = Standard Deviation, CV = Coefficient of Variation, Significant C.V >33%
Source: Author’s Compilation (2021)

The electrical conductivity of the sachet water ranges from 0.02ms/cm3 to 0.23ms/cm3 and exhibited a significant
variation of 46.15% (see table 2). AdsuMubi exhibited the highest EC value at 0.23 while MugulbuWater exhibited the
lowest at 0.02ms/cm3. The EC value of AdsuMubi and Mugulbu Water may be attributed directly to their level of total
dissolved solid (Isikwu and Chikezie, 2014). The turbidity of the sampled sachet water ranges from 0.21NTU to 0.57NTU,
with a mean value of 0.31NTU and significant variation at 38.71% (see table 2). Mayo Water exhibited the highest turbidity
level of 0.57NTU while Mugulbu Water exhibited the lowest turbidity level of 0.21NTU. The generally low turbidity values
observed in the samples are in line with the physical observation of the samples, which revealed odourless, clear and
colourless samples.The total hardness of the samples ranges from 81mg/1 to 169mg/l, with a mean of 116.43mg/l and an
insignificant variation of 26.50% (see table 2). Elhamwas observed to have the highest total hardness level at 169g/1 while
Whora have the lowest at 81mg/l. The TDS content of the sampled sachet water ranges between 26.00mg/1 and 174mg/1.

With a mean, range and significant CV value of 98.00mg/1, 148.00 mg/1 and 43.63% respectively (see table 2).
AdsuMubi exhibited the highest TDS content of 174mg/1 while Mugulbu Water indicated the lowest at 26.00mg/l.
Consequently, AdsuMubi exhibited the highest EC level while Mugulbu water exhibited the lowest EC level on the other
hand. According to Isikwue and Chikezie (2014), the TDS level in all of the sachet water may be attributable to the salt
concentration from the basement formation from where the water packaged comes from.Dissolved oxygen content of the
sampled sachet water is relatively homogenous with a CV value of just 4.48% and ranges from 68.00mg/] to 78mg/1 (see
table 4.3.1). Elhamindicated the lowest content at 68.00 mg/l while Mayo Water indicated the highest value at
78.00mg/1.The nitrate content of the sampled sachet water ranges from 10.00mg/l to 28.00mg/l], with a mean value of
14.57mg/1 and a significant variation at 40.84% (see table 2). Mugulbu Water exhibited the highest nitrate content of
28.00mg/1 while AdsuMubi and Whoraexhibited the lowest nitrate content of 10.00mg/1.
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The chlorine content of the sampled sachet water ranges between 5.00mg/1 and 26.00mg/1, with a mean value of
15.14mg/], range of 21.00mg/1 and a significant variation at 48.88% (see table 2). The high range and CV value indicate the
high heterogeneity of chlorine content in the sampled sachet water, which may be attributed to the sources of water,
treatment methods, packaging deficiencies (Isikwue, and Chikezie, 2014; WHO, 2014; Akpan,et al,2018). The iron content
of water is of considerable concern because small amounts can seriously affect its suitability for drinking and colour. The
iron content of the sampled sachet water ranges from 0.03mg/1 to 0.11mg/l and exhibited a significant variation of
50.00% (see table 2). The highest iron content was observed in Elhamwhile Mugulbu Water and AdsuMubi have the lowest
iron content. The total Bacteria Count (TBC) of the sampled sachet water ranges between 1.8*10! and 3.1*101, with a mean
and CV of 2.5*10% and 15.82% respectively. Whora has the highest TBC content of 3.1*10! while AdsuMubi has the lowest
at 1.8*10%. Similarly, Total Coliform Count (TCC) ranges between 1.6*10! and 3.4*10%, with a mean and CV of 2.6*10! and
19.33% respectively. On the other hand, E.coli is absent in all of the sampled sachet water (table 2).
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Table 3 Physiochemical and Biological Properties of Sachet Water in MubiMetropolis, Adamawa State (Week 3)
SD = Standard Deviation, CV = Coefficient of Variation, Significant C.V >33%
Source: Author’s Compilation (2021)

During the third week of production as shown in table 3, most of the physical properties of sampled sachet water
remain fairly the same as the first week. The colour, odour, temperature, pH, electrical conductivity and turbidity of all
sampled sachet water remain fairly the same. The sampled sachet water remained colourless and odourless. The
temperature of all the sachet water sampled remains fairly the same and homogenous, ranging from 27.30°C to 27.60°C.
The pH remains homogenous among all sample and ranges between 7.10 and 8.20, with a mean of 7.59, with Mugulbu
Water having the highest pH value at 8.20 while AsduMubi and Whorahave the lowest pH of 7.10. Also, the electrical
conductivity of the sachet water ranges from 0.02ms/cm3 to 0.23ms/cm3 and exhibited a significant variation of 46.15%
just like the first week (see table 3). Similarly, the turbidity of the sampled sachet water ranges from 0.22NTU to 0.57NTU,
with a mean value of 0.31NTU and significant variation at 38.71% (see table 3). However, while Mayo Water exhibited the
highest turbidity level of 0.57NTU, Mugulbu Water and Elhamexhibited the lowest turbidity level of 0.22NTU. The total
hardness of the samples ranges from 81mg/1 to 162mg/l, with a mean of 115.00mg/l and an insignificant variation of
24.97% (see table 3). Similar to the first week, Elhamwas observed to have the highest total hardness level at 162mg/]
while Whora have the lowest at 81mg/l. The Total Dissolved Solid (TDS) content ranges between 26.00mg/1 and 172mg/1.
With a mean, range and significant CV value of 97.29mg/], 146.00 mg/I and 43.20% respectively (see table 3). AdsuMubi
and Mugulbu Water still exhibited the highest and lowest TDS content respectively. On the other hand, the dissolved
oxygen content of the sampled sachet water remained relatively homogenous but reduced slightly when compared to the
first week and ranges from 68.00mg/1 to 77mg/1 (see table 3). Unlike the first week, Mugulbu Water and Elham indicated
the lowest content at 68.00mg/1 while Mayo Water still indicated the highest value at 77.00mg/1.

The nitrate content of the sampled sachet water ranges from 10.00mg/l to 27.00mg/], with a mean value of
14.43mg/l and a significant variation at 39.71% (see table 3). Mugulbu Water exhibited the highest nitrate content of
27.00mg/1 while AdsuMubi and Whoraexhibited the lowest nitrate content of 10.00mg/l. The chlorine content of the
sampled sachet water reduced slightly when compared to the first week. The observed chlorine content ranges between
5.00mg/1 and 24.00mg/], with a reduced mean value of 14.43mg/l, range of 19.00mg/l and a significant variation at
45.53% indicating heterogenic chlorine content within the sachet water (see table 3). Similarly, the iron content of the
sampled sachet water ranges from 0.02mg/1 to 0.11mg/1 and exhibited a significant variation of 50.00% (see table 3). The
sachet water with the highest iron content remains ElhamwhileMugulbu Water still exhibited the lowest iron content. The
Total Coliform Count (TBC) of the sampled sachet water reduced slightly when compared to the first week of production
and ranges between 1.8*101 and 3.0*101, with a mean and CV of 2.4*10! and 15.34% respectively. In harmony with the
result of the first week analysis, Whorahas the highest TBC content of 3.0¥10! while AsduMubi has the lowest of 1.8*101.
The Total Coliform Count (TCC) generally increased slightly when compared to the first week. The TCC ranges between
1.8*101 and 3.5*10?, with a mean and CV of 2.6*10! and 19.49% respectively. On the other hand, E.coli remained absent in
all of the sampled sachet water (see table 3).

During the fifth week of production as shown in table 4, the physical properties of sampled sachet water remain
fairly the same as the first and third week. The colour, odour, temperature, pH, electrical conductivity and turbidity of all
sampled sachet water remain fairly the same. This is similar to the findings of Martins and Ada (2014) that assess the
quality of various sachet water brands marketed in Bauchi Metropolis of Nigeria. The sampled sachet water remained
colourless and odourless. The temperature of all the sachet water sampled remains fairly the same and homogenous,
ranging from 25.30°C to 25.60°C. The pH remains homogenous among all sample and ranges between 7.10 and 8.20, with
a mean of 7.60. This implies that the length of storage does not significant influence the pH of the sampled sachet water,
which is similar to the report of Isikwue and Chikezie (2014). Similar to the first and third week, Mugulbu Water exhibited
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the highest pH value while AdsuMubihad the lowest pH. Also, the electrical conductivity of the sachet water ranges from
0.02ms/cm3 to 0.23ms/cm3 and exhibited a significant variation of 46.15% just like the first and third week (see table 4).
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Table 4: Physiochemical and Biological Properties of Sachet Water in MubiMetropolis, Adamawa State (Week 5)
SD = Standard Deviation, CV = Coefficient of Variation, Significant C.V >33%
Source: Author’s Compilation (2021)

Similar to the first week, the turbidity of the sampled sachet water ranges from 0.21NTU to 0.57NTU, with a mean
value of 0.31NTU and significant variation at 38.71%, (see table 4). MayoWater exhibited the highest turbidity level of
0.57NTU while Mugulbu Water exhibited the lowest turbidity level of 0.21NTU. The total hardness of the samples
increased slightly, ranging from 84mg/1 to 171mg/], with a mean of 118.86mg/1 and an insignificant variation of 25.86%
(see table 4). Similar to the first week, Elhamwas observed to have the highest total hardness level of 171mg/l while
Whora have the lowest at 84mg/1.

The Total Dissolved Solid (TDS) content increased slightly when compared to the first and third week and ranges
between 30.00mg/l and 176mg/l], with a mean and significant CV value of 99.86mg/1 and 42.04% respectively (see table
4). AdsuMubi and Mugulbu Water still exhibited the highest and lowest TDS content respectively. On the other hand, the
dissolved oxygen content of the sampled sachet water remains relatively homogenous with a ranges from65.00mg/1 to
72mg/1 (see table 4), with reduced mean of 67.71mg/1 when compared to the first and fifth week. Elham and Afama Water
indicated the lowest content at 65.00mg/1 while MayoWater and NjikiWater indicated the highest value at 72.00mg/I.

During the fifth week the nitrate content of the sampled sachet water ranges from 11.00mg/1 to 28.00mg/1, with a
mean value of 15.57mg/1 and a significant variation at 35.84% (see table 4). Mugulbu Water exhibited the highest nitrate
content of 28.00mg/1 while AdsuMubi and Whora exhibited the lowest nitrate content of 11.00mg/1. The chlorine content
of the sampled sachet water reduced slightly when compared to the first week and third week. The chlorine content
reduced to a range between 5.00mg/l and 22.00mg/], with a reduced mean value of 12.14mg/1 and a significant variation
at 48.93% indicating heterogenic chlorine content within the sachet water (see table 4). The iron content of the sampled
sachet water ranges from 0.03mg/] to 0.11mg/l and exhibited a significant variation (see table 4). The iron content of
ElhamandAfamaWaterare highest at 0.11mg/l while Mugulbu Water and AdsuMubi exhibited the lowest iron content at
0.03mg/1. The Total Coliform Count (TBC) of the sampled sachet water increased when compared to the first and third
week to a range between 2.0*10% and 3.2*101, with an increased mean of 2.6*101. Similar to the result of the earlier weeks,
Opeperfectal has the highest TBC content of 3.2*10! while AsuMubi has the lowest of 2.0*10. Also, the Total Coliform
Count (TCC) increased slightly and ranges between 1.9*10! and 3.6*10?, with a mean and insignificant variation of 2.7*10!
and 18.44% respectively. On the other hand, E.coli remained absent in all of the sampled sachet water (see table 4).

4. Summary

All of the sampled sachet water was colourless and odourless throughout the study interval, making them suitable
for drinking as they fall within the WHO (2020) and NIS/NSDWQ (2020) requirements of <5 and <15 requirements. The
temperature of the sachet water ranges from 27.3°Cto 27.6°C during the period of study. The temperature of the sachet
water falls below the 40°C maximum permissible level prescribed by WHO (2020). The pH of all the sampled sachet water
ranges between 7.10 and 8.20, which falls within the 6.6-8.5 prescribed by WHO (2020), NIS/NSDWQ (2020) and SON
(2020). It was also observed that the length of storage does not influence sampled sachet water pH. The EC level of all the
sachet water ranges between 0.02 ms/cm3 and 0.15ms/cm3, which falls within the <1ms/cm3 required by WHO (2020),
NIS/NSDWQ (2020) and SON (2020).

The turbidity level of all the sachet water ranges between 0.21NTU and 0.57NTU, which falls within the <5NTU
recommended by WHO (2020) and NIS/NSDWQ (2020). Some of these levels exceeds the level recommended by WHO
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(2020), NIS/NSDWQ (2020) and SON (2020). Mugulbu water, Mayo water and Njikiwater exceeded the <100mg/I
recommended by WHO (2020) and SON (2020) throughout the study period while Elhamexceeded the <150mg/]
recommended by NIS/NSDWQ and <100mg/l recommended by WHO (2020) and SON (2020) throughout the study
period. The level of TDS in all the sachet water ranges between 26mg/l and 176mg/l, which falls within the <500mg/1
recommended by WHO (2020), NIS/NSDWQ (2020) and SON (2020). The dissolved oxygen level of the sachet water
ranges from 65mg/l and 78mg/1. The nitrate level in the sachet water ranges between 10mg/l and 28mg/l], which all falls
within the <50mg/I level recommended by WHO (2020) and NIS/NSDWQ (2020). However, some of these levels exceeded
the <10mg/1 level recommended by SON (2020). Specifically, Mugulbu water, Elhamwater, Afamawater, Mayowater and
Njiki water all exceeded the <10mg/l level recommended by SON (2020). Notably, AdsuMubi (11mg/1) and Whora
(11mg/1) slightly exceeded the <10mg/1 level recommended by SON (2020) on the fifth week of the study. The chlorine
level of the sampled sachet water ranges between 5mg/l and 26mg/l, which falls within the <250mg/]1 recommended by
WHO (2020) and NIS/NSDWQ (2020).

Although, chlorine has no adverse health impact, excess of it impacts bad taste to the drinking water. The level of
iron in the sampled sachet water ranges between 0.02mg/1 and 0.11mg/1, which falls within the< 0.03mg/1 recommended
by WHO (2020), NIS/NSDWQ (2020) and SON (2020). The level of TBC in all the sachets water ranges between
1.8*101Cfu/mol and 3.1*101Cfu/mol. These levels of TBC are unsuitable for drinking, as the level of TBC in all of the
sampled sachet water exceeded the WHO (2020), NIS/NSDWQ (2020) and SON (2020) recommended level of 0Cfu/mol.
This finding corresponds with the findings of Martins and Ada (2014) who reported bacterial pollution in all sampled
sachet water brands in Bauchi metropolis, Nigeria. Furthermore, the notable increase in the TBC content form between
1.8*101cfu/mol and 3.1*101cfu/mol in the first week to between 2.0¥101cfu/mol and 3.2*101cfu/mol in fifth week is in
line with the findings of Akinde, et al, (2011) that reported increase in bacteria count in sachet water in Port Harcourt
when stored beyond four weeks.

The level of TCC in all the sachets water ranges between 1.6*101Cfu/mol and 3.0*101Cfu/mol. These levels of TCC
are unsuitable for drinking, as the level of TCC in all of the sampled sachet water exceeded the NIS/NSDWQ (2020) and
SON (2020) recommended level of 1*101Cfu/mol. The total coliform values of the sampled sachet water were well above
the NIS/NSDWQ (2020) and SON (2020) values indicating that they are contaminated. E.coli was absent in all of the
sampled sachet water throughout the study period as recommended by WHO (2020), NIS/NSDWQ (2020) and SON (2020)
that drinking water should not contain any level of faecal constituent (WHO, 1971). The absent of E.coli indicates that all
the water samples are free from recent faecal contamination (WHO, 1996; Dada, 2009).The total hardness level in the
sachet water ranges between 81mg/l and 171mg/I.

5. Conclusion

This study assessed the physiochemical and biological properties of sachet water produced in Mubi metropolis,
Adamawa state for a period of five weeks. The study was directed towards examining the nature, properties and variation
that exist within seven brands of sachet water produced in the area. Samples of sachet water were acquired immediately
after they were produced from their various companies and exposed to laboratory analysis for a period of five weeks to
derive relevant information that influences water portability.The study revealed that the physiochemical and biological
properties of the sampled sachet water remain fairly the same all through the study period.

The study reveals that most of the sachet water analyzed were satisfactory in terms of all of the physical
characteristics, except hardness which has not been attributed to any ill health. In terms of the chemical characteristics,
most of the sampled sachet water met the recommended standards, except for nitrate which falls within the WHO (2020)
and NIS/NSDWQ (2020) standard of <50mg/l but questionable when compared to SON (2020) standards of 10mg/L
However, due to the associated effect of excess nitrate in drinking water on infants, it is recommended that some of these
sachets water should be avoided when it comes to infant’s consumption.

The microbial characteristics of all of the sachet water sampled contained coliforms (TBC and TCC) above
recommended standards, thus making them unsafe for drinking. It was discovered from the study that the major
contaminant of sachet water produced in Mubi metropolis, Adamawa state are the coliforms (TBC and TCC). These can
constitute serious health challenges of diarrhea, meningitis, urinary tract infection dysentery, typhoid fever, paratyphoid
fever, cholera, infantile paralysis, poliomyelitis, infectious hepatitis, guinea worm, amoebic dysentery and hemolytic
prevalent in the area.

6. Recommendation

NAFDAC should carry out regular and frequent surveys of sachet water quality analysis for proper monitoring and
management of sachet water production and its quality, Sachet water producing companies should endeavor to carry out
proper treatment of the water they produce to ensure it is free of pathogens. Due to the associated effect of excess nitrate
in drinking water on infants, it is recommended that some of these sachet waters be avoided for infant’s consumption. This
study recommends further studies to investigate the life of sachet water in the area beyond 5 weeks and to critically
examine the biological quality of the sachet water produced in the area.
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7. Implication

The implication of this finding is the possibility of the presence of pathogens that may cause acute intestinal

illness, which generally cause discomfort to health and could become fatal for some susceptible groups such as infants,
elderly and sick people (Olowe, et al, 2005; Addo et al, 2009; NSDWQ, 2007). Therefore, there is an urgent need for
awareness to be created about the biological status of these sachets water to enlighten the sachet water producing
companies and customers on the necessity for further treatment of these sachet water before they are consider fit for
drinking and domestic purposes.
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