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Abstract

Inadequate storage may affect the quality of sachet water; hence, this study was designed to determine the impact

of storage on sachet water quality produced in Amas. To achieve this aim, 100 sachet water samy#es
randomly collected on the day of production andsa@hets were sent to the laboratory within 24 hdarrs
analysis to serve as control. The remaining 90 $&snpl5 each were stored at room and atmospheric
temperatures respectively. At the intervals of wéelveek-8 and week-12, ten sub-samples each wdsmay
drawn from the respective 45 samples stored at kmaihn and atmospheric temperatures and were seheto
laboratory for analysis. The T-test and ANOVA amsaly show that the observed variations in someeofjtiality
parameters were not significant. Also, all the ptysshemical parameters except pH were within theQV
thresholds for potable water. However, all the dasyghow traces of total coliform and faecal colificcounts
in the storage periods, while the control sampstet positive foEscherichia coli. It is therefore recommended
that the National Agency for Food, Drug Adminisivatand Control should step-up it's monitoring etcket
water companies to ensure that standard produptimeedures are maintained.
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1. Introduction

The inadequate provision of potable water by thgeNan governments (federal, state and local)Herditizens
has given rise to the patronage of other watercesufboreholes, sachet water, rainwater, rivegsirand well)
which quality may not be guaranteed. In Nigeri@hsh water and borehole water have become verisghiees
of both domestic and drinking water because ofr thecessibility and perceived quality by a sigrific number
of the people. Sachet water introduction into thigeNan market was enthusiastically received bgtaf people
as a viable alternative to the costlier bottledenatvhich was beyond the reach of many Nigeriaasjqularly
the poor. This reception gave rise to a thrivinghed water business, which has provided hundredsilbbn
litres of drinking water to Nigerians over the y&é&@gundipe, 2008).

The expected financial returns from this businassoaraged the production of packaged drinking water
private enterprises that have limited knowledgetlo@m basic quality requirements and standard pramtuct
practices (Okpako, Osuagwu, Duke & Ntui, 2009; Edema, Atayese & Bankole; 2011). Hence, studies have
shown that some of the sachet water and borehdker waurces are veritable channels for the spréadhter
borne diseases (Akinde, Nwachukwu & Ogamba, 2011; Ohwo & Abotutu, 2014; Ojekunle et al, 2015) because
they contain pathogens, which could cause pubkdthehallenges.

Pathogens could be introduced into sachet watsefgral ways, which include poor production andkpgmg,
poor treatment and inappropriate handling and georfihe quest by sachet water production entegptisbe on
top of competition and regularly meet their custsngemand has led to the production of large qtyaofi
sachet water which is stored in their respectivtofées awaiting purchase. During storage of ttehstwater at
the factory or by the respective retail customarshiir stores, or at the consumer home, pathogeukl be
introduced into the sachet water depending on lomg bnd under what hygienic condition the watestiged.
This probably informed the National Agency for Fo@tug Administration and Control (NAFDAC) to sat a
eight-week shelf life for sachet water in Nigeria.

This regulation is hardly complied with and enfatd¢bereby exposing the public to avoidable healtiden. In
addition, NAFDAC did not prescribe the mode of agge of the sachet water for the recommended eigbkw
shelf life. This could mislead the consumers ofhsfowater to assume that the quality of sachet riate
adequate for drinking as long as it has not exatdle shelf life irrespective of the mode of staragor
instance, a study by Duwiejuah, Cobbina and Akr{2@3) has revealed that total heterotrophic bedtes-
growth was observed in sachet water of differeants after just three weeks of storage. In additios study
also revealed that there was significant differgfpce 0.05) in total coliform counts of sachet wattored under
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the sun and in the refrigerator.

Similarly, Woods (2010) reported thidtere was significant deterioration on the micrédmecal quality of most

of the tested sachet water samples when storeéngperatures higher than refrigeration temperatbce.
example, total coliform counts in sachet wateresddasver six months period increased from 118-182#@&amal
atmospheric temperatures, 112-154% at room tempesatand decreased by 74-92% at refrigeration
temperatures. This same trend was also recordédfa@tal coliform countsThis is an indication that the mode
of storage could have significant impact on theliguaf sachet water. Unfortunately, the most pa@puhethods

of sachet water storage in Nigeria and AmassonTaaiticular are indoor and outdoor, which may expibse
water to quality degradation. In the light of tHeoae, this study was designed to determine the ¢tnpfestorage

on sachet water quality produced in Amassoma anethen the quality met the World Health Organization
(WHO) standard for potable water.

2. The Study Area

Amassoma community is geographically located withititudes £ 57" and # 58 North of the Equator and
longitude & 9’ and & 10’ East of the Greenwich meridian. It is oneldf targest communities in Southern ljaw
Local Government Area of Bayelsa State, Nigeria, #ae host community of the Niger Delta Univergigjgure
1). Amassoma lies on a coastal plain with a meaghhef about 15 meters above sea level, and didiyethe
Nun River. It experiences humid semi-hot equatacimhate of the Af type of Koppen'’s classificatisgstem
(Alagoa, 1999) with two distinct seasons-rainy dngl The average annual precipitation is about 4880 with
over 70 per cent of humidity and mean monthly terapee of about 7. A significant area of Amassoma is
made up of wetland and comprises of fresh-watermgfrest.

In spite of the abundant surface water and largeksdf groundwater resources in Amassoma, the govent
has failed to provide public water utility for tpeople. Hence, the major sources of domestic an#lidg water
supply in Amassoma are borehole, river/streamwaier and sachet water. Of these sources of wapglys a
significant number of the population depend morebomnehole and sachet water for drinking due torthei
perceived quality and accessibility. The populadfythe sachet water has led to the establishmieatsachet
water packaging enterprise in Amassoma. This cosngarrently has a significant market share of taehet
water soled in Amassoma, hence it was selectethéostudy, as any quality breach will have a sigaift health
impact on the population.

* Amassoma
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Figure 1: Amassoma in Southern ljaw Local Governmeea of Bayelsa State
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3. M ethod of Study

The study focused on the determination of the impdicstorage on the quality of sachet water produice
Amassoma. The study adopted the survey researdtothevhich involved the sampling, storage and latwoy
analysis of sampled sachet water. The samplingebachet water was preceded by a reconnaissamvey $o
determine the number of sachet water enterpriggniassoma. The survey revealed that only one saclketr
packaging enterprise was located in Amassoma, hémeeachet water samples were obtained from.tfide
population for the study comprises of all the saebater packaged in a day by the company (2000epjedrom
which 100 samples (which comprises of five bag2®@fpieces each) were sampled on the day of pramhycti
using the simple random sampling technique. Ouhefl00 samples, 10 sachets were sent to the tabpfar
analysis within 24 hours of production to serveaistrol.

Out of the remaining 90 sachet water samples, 45 @&re stored at room and atmospheric temperatures
respectively. At the intervals of week-4, week-&l aveek-12, ten sub-samples each was randomly diftanm

the respective 45 samples stored at both room emndspheric temperatures and were sent to the ladsgréor
analysis in a cooler box. To determine the saclaémquality, both physico-chemical and biologisatameters
where analyzed. The parameters include pH, elatttionductivity, total dissolved solid (TDS) totalspended
solid (TSS), turbidity, nitrate, phosphate, flu@jdcalcium, chloride, lead, iron and zinc. Others #otal
coliform counts, faecal colifornkscherichia coli (E.coli) andsalmonella spp

The physico-chemical and biological characterisbicthe water samples were analyzed using stardatbods.
The pH was measured with an ATI-Orion pH meter,|&viiiDS, TSS, electrical conductivity and turbidityere
measured respectively using conductivity and phetom methods and a 214 A turbidity meter. Flame
photometry and silver nitrate titrimetric methodsra/ respectively used to determine calcium andriclddevels
using the methods described by APHA (200Rjtrate, phosphate and fluorideere determined with a
UV/Visible spectrophotometer in accordance with AP#600 Heavy metals such as lead (Pb), Iron (Fe), and
zinc (Zn) were determined with the aid of the Atondibsorption Spectrophotometer (AAS) at 283, 248 an
213.9 nm wavelengths respectively. Membrane fitiratechnique was used to determine total andafaec
coliforms, Escherichia coli (E.coli) andsalmonella spp in accordance with APHA 9222B, 9222D, 9260F and
9215B.

The measured results were compared with the WHe€stimds for potable water. The data were analyz#éd w
the aid of descriptive statisticStudent’s t-test and analysis of variance (ANOVHN)e Student t-test was used
to determine whether there was significant diffeeehetween the sachet water qualities of sampbesdsindoor
and outdoor for the respective storage periods Kwleaveek-8 and week-12); while the ANOVA was used
determine whether there was significant variatiorthe sachet water quality among the indoor samgpfes
outdoor samples respectively, for the storage der{week-4, week-8 and week-12).

4. Results and Discussion

41 Physical Parameters of the Sachet Water

The mean concentration of selected quality paraimetesampled sachet water stored at differenttioes and
time-period are presented in Table 1. The valuesledtrical conductivity of the sampled sachet watages
from 55.8 to 63.Qus/cm. The lowest value (55/&/cm) was recorded on the indoor samples on weekide
the highest value (63.0s/cm) was recorded on week-12 in the outdoor sangle the other hand the control
sample (day 1) had a value of 5as/cm. Apart from the indoor values of 5pcm on week-4, which is lower
than the control value of 57y6/cm, all the other values increased consistentlsn fweek-4 outdoor through
week-8 to week-12 indoor and outdoor respectiv@imilar pattern was also reported by

Duwiejuah et al (2013) were the values of eleatramnductivity increased from week-1 to week-8isT$hows
that storage influences the conductivity of sachater. Although there was an increase in the valfie
conductivity throughout the duration of the stutipwever, all the values were within the 10@9cm WHO
threshold for potable water.

The pH values vary inconsistently throughout thelgtperiod and between the indoor and outdoor sssnplhe
values of the pH ranges from 6.19 to 6.96, whiehtsoth recorded on week-4 outdoor and indoor, csdy.

This shows that the highest pH variability occunsweek-4. Apart from the week-4 indoor pH valu©@.and
that of day 1 (control sample), with a pH valuedd5, all the other pH values are below the WH@sgholds of
6.5 — 8.5. This shows that the water becomes meidicaduring the storage period, which could infige the
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level of solubility and toxicity of materials, ba&ctal population growth and diversity in sachetavgOjekunle,
et al, 2015), which may render it unfit for humamsumption.

The concentrations of total dissolved solids (TDSall the sachet water samples either indoor adaar and
throughout the storage period are within the WHO B®/l threshold for potable water. The TDS valtegye
from 27.9 to 31.5 mg/l, with the lowest value resemt on week-4, indoor samples, while the outdoomdas on
week-12 had the highest value (31.5 mg/l). Theroshenples except indoor values on week-4 have Tah&s
higher than the control value of 28.8 mg/l. Inakes the outdoor TDS values are respectively hipla@ their
indoor counterparts as shown in Table 1. This abably due to the exposure of the outdoor samplesistier
environment. The fact that week-12 outdoor sampi@ge the highest values for both EC and TDS is not
coincidental; it just reveals that the water sammentain more dissolved solids than other samplsikwue
and Chikezie (2014) also reported similar findimgtheir study.

The control and the indoor samples for week-4 vimre of total suspended solid (TSS). This is ancatibn
that the water was well filtered before packagiHgwever, there was a little trace (0.01 mg/l) ofST&n the
remaining samples from outdoor week-4 through imdand outdoor week-8 and week-12 respectively.
However, the values of all the samples were withima WHO 5 mg/l threshold for potable water. Turbidi
values of the sachet water samples ranged fromt0.0105 NTU; with the lowest value (0.01 NTU) reded on
day 1 (control), while the highest value (0.05 NTWHs recorded on week-4, outdoor sample. The velgtiow
recorded values are attributable to the level ltriafion of the water before packaging. High leeélturbidity
could interfere with the effectiveness of disinfentand provides a veritable medium for microbiabwgth
(Ohwo, 2012). It may also indicate the presenc@athogens that could cause nausea, cramps anthediarr
(Ohwo, 2014). All the recorded values of turbidéye within the WHO 5 NTU threshold for potable wate
supply. The turbidity values are relatively higlerthe outdoor samples throughout the study dumatian the
indoor values, although the differences were nonpunced (Table 1Duwiejuahet al (2013) also reported
similar findings and they concluded that storageditions and temperature has no effect on turbiditgachet
water.

4.2 Chemical Parameter s of the Sachet Water

The impact of heavy metal pollution of water cobkela serious threat to public health because adiskeciated
consequences on those who consume such water witddmguate treatment. For instance, the Standard
Organization of Nigeria ((2007) had noted that¢beasumption of heavy metal polluted water abovewi¢O
thresholds for potable water could cause cancetraleand peripheral nervous disorder, mental dgrakent in
infants, neurological disorder and interferencehwittamin D metabolism amongst other impacts. Hetiogeir
level of concentration on drinking water is of greancern to regulatory authorities and health fiianers.

The acceptable WHO standard of calcium concentratiopotable water is 200 mg/l. The concentratién o
calcium in all the sachet water samples range #a23 to 7.24 mg/l, which shows that they are athimi the
WHO threshold for potable water supply. The contralue was 5.60 mg/l, while the lowest value (4n2g@/)
was measured on week-4, indoor samples and thedtiglalue (7.24 mg/l) was measured on week-8, indoo
samples. The negligible concentration of calciunalinhe sachet water samples may be attributabfittation

of the water before packaging. For instance, Moal (2006) reported that 89.4% of calcium could beaesal
from water using Brita® filter as revealed by seestudies. It should be noted at this point tidecmate
calcium intake is essential for achieving peak borass and subsequent prevention of osteoporosiglifNo
2000), hence reasonable concentration should petable water.

The chloride values in the sachet water range #8d00 to 17.00 mg/l. Week-4 indoor samples had ¢heest
value (8.00 mg/l), while week-12 indoor samples tia highest values (17.00 mg/l) of chloride corticdion.
The chloride values decreased from 11.00 mg/l (cbsample) to 8.00 mg/l and 9.00 mg/l indoor amdddoor
respectively in week-4. The values later increasedeek-8 and week-12. Chloride is known to incectise
conductivity of water and its corrosiveness. Hertte, low chloride concentrations partly explain tlosv
electricity conductivity (EC) of the sachet watalH.the sachet water samples have concentratioluswthe 250
mg/l WHO threshold for potable water.

Nitrate values in the sachet water were uniform amchanged from the control (day 1) samples througthe
duration of the study and irrespective of the gjerbbcations (indoor or outdoor). The value of 0m0d/l was
maintained throughout, which suggest that the cotnagon of nitrate in the sachet water was ndugriced by
storage. This value (0.01 mg/l) was within the WIBO mg/l threshold for potable water. Phosphate eslu
ranged from 0.00 to 0.02 mg/l. The control value(@DO0 mg/l) was maintained in both indoor and ootd
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samples for week-4 and slightly increased to 0/ @01 in the indoor and outdoor samples respalgtifor
week-8 and week 12. These values are all withint€O 10 mg/l threshold for drinking water. Thesdues
show that storage has negligible impact on phospltahcentration in sachet water. Similar patterfis o
concentration were also recorded in fluoride armh iconcentration in the sachet water throughoutsthdy
period. Apart from indoor and outdoor samples oekwé where the values of fluoride were 0.02 mgd ar00
mg/l respectively, all the other samples maintaitiezl 0.01 mg/l value that was measured on day atr@
sample. In the case of iron, the values range 0di@ to 0.02 mg/l. The lowest value (0.00 mg/l) wasasured
in the control sample and outdoor sample on weéla@re was however negligible increases to 0.020add in
indoor and outdoor samples respectively in weelkd week 12. All the recorded values for both flderiand
iron are respectively within the WHO thresholds0dmg/l and 0.3 mg/l. Both lead and zinc were reiedted
in all the samples throughout the study duration.

The concentrations of all the selected chemicahmpaters are within the WHO thresholds for potabétew
supply. This is an indication that the groundwataurce from which the company obtains its raw watgplies
is probably free of heavy metal pollution, or theoption of standard procedures for the treatmenteavy
metals. Similar findings and conclusions were atshed byDjekunleet al (2015) in their study of the ‘effects
of storage on sachet water quality in Ogun Statgef&’. This means that health burdens associaiét the
consumption of water polluted by heavy metals maydar with those that rely on the sachet watendbfar
drinking.

43 Biological Parameters of the Sachet Water

Total coliform counts have been used widely as gomiadicator for the presence or absence of pathimg
bacteria in drinking water (Ohwo, 2014); hence, the absence of total coliform counts in ki water is
assumed to be free from pathogenic bac{@®iawo, 2012)Unfortunately, the test revealed the presencetaf to
coliform counts, as the test values range fronmtd.810 MPN/100ml. The highest value (110 MPN/100w#)s
recorded on day 1 (control sample); while the indoor sample for week-4, had 2.0 MPN/100ml and the lowest
value (1.8 MPN/100ml) was recorded respectivelpumdoor samples for week-4, indoor and outdoor $asnp
for week-8 and week-12. This result shows thatghehet water was contaminated and may not be safe f
human consumption, as the WHO threshold recommimtalsabsence in potable water. The fact thattmdrol
samples had the highest value (110 MPN/100ml) t# tand faecal coliform counts is an indicationtttiee
sachet water could have been contaminated durangdhrse of production or the use of poor raw wsbeirce
with poor disinfection or both.

The drastic drop of the recorded values of bothl tamd faecal coliform counts after week-4 may tebaitable
to the fact that indicator organisms loose viapilituring storage over time (Ojekuné al, (2015). Similar
studies for instancaylberekpe and Eze (2014gported the presence of coliform in all the branfisvater
samples collected from day one; while Ojekunle, et al (2015)reported that faecal coliforms were detected in
50% of the brands of sachet water analyzed at éginhing of the study. However, after 8 weeks ofage,
total coliforms and faecal coliforms were no longetected except in one sample, which had 13cfodtifiorm
bacteria and equally tested positive for faecalfawh. A further confirmatory test for the presenoé
Escherichia coli (E coli) andSalmonella spp revealed that the control sample (day 1) testesitipe for
Escherichia coli and negative fosalmonella spp (Table 1). However, as from week-4 to week-12 ofage,
Escherichia coli tested negative in all the samples; while salmonella spp was equally negative in all the samples
throughout the storage periods from week-4 to wkgkfor indoor and outdoor samples respectively.
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Table 1: Mean Concentration of Analyzed Physicortlcal and Biological Characteristics of Sachet Wate
at Different Storage Location and Duration

Parameter/Unit Week-4 Week-8 Week-12 ContrioWHO
Indoor Outdoor Indoor Outdoor Indoor Outdoor| (Day 1) | Standard

EC (us/cm) 55.8 58.5 58.3 61.1 60.2 63.0 57.7 1000
pH 6.96 6.19 6.31 6.39 6.29 6.35 6.55 6.5-8.5
TDS (mg/l) 27.9 29.3 29.2 30.6 30.0 315 28.8 500
TSS (mg/l) 0.00 0.01 0.01 0.01 0.01 0.01 0.00 5
Turb (NTU) 0.02 0.05 0.02 0.04 0.03 0.05 0.01 5
Calcium (Ca) (mg/l) | 4.23 473 7.24 6.72 7.12 6.90 .605 200
Chloride (CI) (mg/l) | 8.00 9.00 14.0 13.0 17.0 15.5 11.00 250
Nitrate (NQ) (mg/l) | 0.01 0.01 0.01 0.01 0.01 0.01 0.01 50
Phosphate (P£ | 0.00 0.00 0.02 0.01 0.02 0.01 0.00 10
(mg/l)
Fluoride (mg/l) 0.02 0.00 0.01 0.01 0.01 0.01 0.01 | 05
Lead (Pb) (mg/l) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.01
Iron (fe) (mg/l) 0.02 0.01 0.01 0.00 0.02 0.01 0.00 | 0.3
Zinc (Zn) (mg/l) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |3
Total coliform 2.0 1.8 1.8 1.8 1.8 1.8 110 0
counts
(MPN/100ml)
Faecal coliform 1.8 1.8 1.8 1.8 1.8 1.8 110 0
(MPN/100ml)
Escherichia coli NIL NIL NIL NIL NIL NIL Positive | Negative
Salmonella spp NIL NIL NIL NIL NIL NIL NIL Negative

Source: Author’s fieldwork, 2017

In order to determine whether there was signifiddifference between the measured values of seleptatity
parameters between indoor and outdoor samplesglting respective storage periods (week-4, weekeB an
week-12), the Student’s t-test was used and treuleaed values are presented in Table 2. Fromatble it was
revealed that there was no significant deferentedsn the quality values of indoor and outdoor demm the
three selected time periods; as the calculatedesatue less than the table values respectivelyldTab This
means that storage did not significantly affect qality of the sachet water. In the same vein,ahalyses of
variance (ANOVA) also shows that there was no s$icgat variation in the quality of indoor and outdo
samples, respectively in the selected time per{ogek-4, week-8 and week-12) as shown in Tablead34a
The calculated F value for indoor samples was Q.0dth a table value of 3.19 (Table 3); while outdo
calculated F value was 0.015, with a table valu8.@® (Table 4). This means that irrespective ef dtorage
period the quality of the sachet water did not deasignificantly.

Table 2: Calculated T-test Values between Indodr@utdoor Samples of the Storage Periods

Storage Period Calculated Value Table Value D.F ifhaT

Week-4 0.828 2.120 16 Not significant
Week-8 0.984 2.120 16 Not significant
Week-12 0.740 2.120 16 Not significant

Fora = 0 .05, the critical value for t with d.f. (16)2.120

Table 3: Analysis of Variance Table for Indoor \iedlbetween the Storage Periods

Source SS D.F Mean Square F
Explained SS Between =9.83J-1=2 SS Between / (J-1)|ZMS Between
4.92 MS Within
Error (Residual) SS Within *N-J=48 SS Within / N = J) £=0.021
11076.59 230.76
Total SS Total 3 N-1=50 SS Total / (N-1)
11086.42 221.73

Fora = 0 .05, the critical value for F with d.f. (2,)4i8 3.19
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Table 4: Analysis of Variance Table for Outdoor Mzd between the Storage Periods

Source SS D.F Mean Square F
Explained SS Between=7.3J-1=2 SS Between / (J-1)|=MS Between
3.66 MS Within
Error (Residual) SS  Within  ¥N-J=48 SS Within / N = J) £=0.015
12109.62 252.28
Total SS Total 3 N-1=50 SS Total / (N-1) ¥
12116.94 242.34

Fora = 0 .05, the critical value for F with d.f. (2,)4i8 3.19

5. Conclusion

The study has revealed that the observed variatiossme of the selected quality parameters osHudet water
were negligible. For instance, the calculated t-tesults between indoor and outdoor samples fozkwi
(0.828), week-8 (0.984) and week-12 (0.740) weltebelow the t critical value of 2.120 at 0.05 sigrant
levels. Similarly, the calculated ANOVA values fmdoor (©0.021) and outdoor (0.015) were less than the F
critical value of 3.19 at 0.05 significant levelghich means that the variations were not statiyicgnificant.

It was also revealed that all the physico-chempalameters except the pH values were within the WHO
thresholds for potable water. However, the samaatlbe said of the biological parameters, as allshmples,
control, indoor and outdoor show traces of totdifaon and faecal coliform counts in the storageiqds.
Surprisingly, the control samples had the highedtes (110 MPN/100ml) for both total coliform armk€al
coliform counts and also tested positive Eacherichia coli, which probably shows that all is not well with the
production process. However, after storage for faeks and beyond both the total coliform and fheca
coliform counts reduced significantly to 1.8 MPN@h@ in both indoor and outdoor samples. The aaiditure
and the poor biological state of the sachet wathich is above the zero WHO threshold for potabkten
means that the water is not safe for human consamgt is therefore recommended that the Natigkgéncy

for Food, Drug Administration and Control (NAFDAGhould step-up it's monitoring of the productiomgess

of approved sachet water companies to ensure tdwadlard procedures and proper disinfection araechout
before the water is sold to the public. In additittne public should be well educated on hygieniragie of
sachet water before usage.
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