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ABSTRACT

Background: There is currently an increased demand and consom@t bottled water in Tanzania
especially among the middle and high income earagrs is generally perceived to be pure, clean
and of good quality. This has led to the sale ffletent brands of bottled water on the Tanzanian
market. Due to increased demand and consumptidoottied water in Tanzania, there has been a
growing concern about the microbiological qualifytiis product. The objective of this study was to
assess the physico-chemical quality parameters mamdrobial contamination level with
thermotolerantfecal coliform bacteria commerciditled water Dar es Salaam city in Tanzania.
Materials and methods. This cross sectional study was done in randomlgcsedl ten different
commercial brand of bottled water available in caeneral market of Dar es Salaam city in Tanzania.
Tap water from Dar es Salaam Water Supply Compd@d®WASCO) was also sampled for
comparison. Fecal coliform were enumerated by tembrane filtration and commercial field testing
DelAgud’kit. The physicochemical examination of the watamples was done to determine pH,
turbidity and Total Dissolved Solids (TDS) of theater samples using a Hach spectrophotometer
(Hach Company, Loveland, Colorado, USA).

Results and discussion: All samples of bottled water (100 %) analysed ditl show the presence of
thermotolerant faecal coliform bacteria and thusetmine World Health Organization (WHO)
acceptable value of zero cfu/ml. All the surveyednids of bottled water were safe for drinking as
they were devoid of any thermotolerant fecal colife bacteria. Tap water from DAWASCO
revealed thermotolerant fecal coliforms contamoratiwith mean CFU counts of 4.0/100ml.
Coliform organisms found in tap water in this studgre above the recommended levels by
regulatory agencies such as Tanzania Bureau Sthn(EBS), International Bottled Water
Association (IBWA), Food and Drug Administrationd{i), United States Environmental Protection
Agency for (USEPA), World Health Organization (WH&and the European Community (EC).

The overall mean results of the physicochemicahp&ters of bottled water brands and tap water
studied were within the recommended limits by TB8 @WHO.

Conclusions: The absence of thermotolerant fecal coliform bazter the bottled water is indicative
of safety for public consumption. Tap water from\WASCO is unfit for human consumption and it
needs to be treated to render it safe for humanrkithg. Physicochemical parameters revealed that
thepH, TDS and turbidity were within the requiregtdls by TBS and WHO. This indicates that, the
manufacturers of bottled water brands and DAWASG® @nforming to the TBS and WHO
standards on physicochemical requirements for drgnwater.

Keywords:. Bottled water, thermotolerant,fecal coliforngsgoli

10 INTRODUCTION
Bottled water can be defined as any potable wéiar is manufactured, distributed or offered for

sale, which is sealed in food-grade bottles or mthentainers and intended for human
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consumption[1]. Bottled water is increasingly péred as pure, clean, of good quality and protected
[2]. Sales of bottled water have increased drarallyien recent years largely because of the public
perception of purity and safety and public concebout the quality of tap water [3]. However,
consumers need to be made aware that bottled vgatet necessarily safer than tap water. Bottled
and municipal water may contain the same microasgas since both can originate from the same
environmental contaminants [1]. Under improper pesing, handling and/or prolonged storage of
bottled water, bacteria can grow to levels that mhayharmful to human health [1]. Consequently,
when offered for sale to the consumer, bottled wsheuld comply with all of the regulations as set
by the Tanzania Bureau of Standards (TBS). AccgrthnTBS any harmful bacteria must be absent.
Water from surface sources, wells, boreholes, mpalisupplies, bottled water and other sources are
known vehicles for enteric pathogens such as hbactearasites and viruses [4]. Bottled water has
previously been implicated as the source of outsred cholera, typhoid fever as well as traveller’'s
disease in countries such as Portugal and Spaby @], However, in Tanzania little is known about

the microbiological quality of bottled water.

In Tanzania, it is mandatory that, manufacturesittheir water brands certified and registered lay th
Tanzania Bureau for Standards [7]. Currently, themes influxes by large number of bottled water
brands into the market in Tanzania raising doubtstlieir quality. Bottled water has become the
highest consumable commodity especially for thedheidnd high income social classes in urban and
peri-urban areas, and since it is processed fronoua sources using different methods, it is
important to examine its quality. There are no estudies that have been done on the bottled water
quality with regard to its microbiological and plgschemical quality in the Dar es Salaam, city in
accordance with TBS and other international stadslarhe aim of this study was to determine
microbiological and physicochemical quality of bedt water brands and tap water from DAWASCO
and to evaluate their suitability for drinking poges, in accordance with the Tanzania Bureau of
Standards (TBS), WHO and other international stedsdfor drinking water.
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20 MATERIALSAND METHODS

21  Study design

The study design is a laboratory based analyticalys The study was carried out in Dar es Salaam
city at the National Institute for Medical Resea(BiiMR) laboratory. Water samples from different
brands of commercial water were collected fromedéht retail shops located in Dar es Salaam city.
The collected water sampleswere checked for thedires in fourparameters known to be linked to

water quality which are pH, hardness and turbidgyvell as coli-forms.

22  Studyarea

This study was conducted between July and OctobE3 ih Dar es salaam, Tanzania. Dar es Salaam
is located at 6 48’ south, 39 17’East (-6.80002893). The city is situated on a massive natural
harbor on the Indian Ocean coast of Africa, withdsabeaches in some areas .It is also the country’s
richest city and a regionally important economiatoe. Dar es Salaam is actually an administrative
province within Tanzania, and consists of threeallggovernment areas or administrative districts
Kinondoni to the north, llala in the centre of Region, and Temeke to the south. The Dar es Salaam
Region had a population of 4,364,541 as of theia#f2012 census. The city is a metropolitan and in

some of its settings it is characterized by poairenmental sanitation, poor housing and poverty.

2.3  Samplecollection

One bottle from each of the ten bottled water sasiplere collected and examined in duplicates. Tap
water from DAWASCO was collected from Mabibo areaDar es Salaam city in Tanzania. The
mouth and the outer parts of the tap were stedlzieh the flame of a cigarette lighter for 2 miesi
and allowed to cool by running the water for abbuhinute before water collection. Water sample
was collected using a clean one litre plastic bottith a screw cap which was thoroughly washed
with detergent, soaked with hydrochloric acid amused with distilled water. At the point of
collection, the container was rinsed three timeth whe water sample prior to collection. All of the
collected water samples were immediately transdatel stored refrigerated at 4°C in the laboratory
prior to analysis to avoid microbial action affecfitheir concentration.

The ten brands of bottled water and tap water fAWASCO examined are shown in table 1

below.
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Table 1 here
24  Physico-chemical examination
The physico-chemical examination of the water sasplas completed within six hours of sample
collection. The pH of each water sample was detgthimmediately after receiving the sample at
the laboratory. The turbidity and Total Dissolvenli® (TDS) of the water samples were determined
using a Hach spectrophotometer (Hach Company, bodelColorado, USA).

2.5 Bacteriological examination

Bacteriological examination of the samples was ceotetl by using a DelAgua method. The
DelAgua method is a straightforward membrane filbra technique based on sample filtration and
incubation to promote the growth of colonies whiekere then counted. A known quantity of
undiluted sample (in this case, usually 100 ml) pagsed from a HAWGO047S6, 0.45um, 47mm
white gridded sterile filter paper leaving any leaic present in the sample to the surface of thes fi
The filter was then placed in a sterile Petri disintaining a sterile lauryl sulphate growth medium,
and incubated at 44°C (+/-0.5°C, due to kit limdaas) for 24 hours. Colonies of thermo-tolerant
coliform (TTC) were counted and reported as TTC 3@ ml sample. The filtration apparatus was
flame sterilized with methanolbetween samples tcecev@nt any cross-contamination of

samples.Samples were analysed within 6 hours @dtlaction.

3.0 RESULTS

3.1 Registration and certification status of sampled bottled water

Table 2 provides the list of ten bottled water liarand tap water studied in this investigation.

Currently, the Tanzania Bureau of Standards (TBS)ibsued a list of 47 bottled water brands which

are registered and certified for human consumpiiofanzania. Though already in the market,

among the ten sampled commercialbottled water Israh@merged that three of them are notin the

TBS list of certified and registered bottled wdiesinds for human consumptionin Tanzania [7].
Table 2 here

3.2  Physicochemical parameters

The overall mean results of the physicochemicahpaters of bottled water brands and tap water
studied are shown in Table 2.Mean pH of all elewater samples ranged from 7.0 to 8.1which were
within the set limits of TBS in Tanzania (6.5 — . consideration of the WHO limit (6.5 — 8.0),
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one bottled water sample was an outlier [8]. Theam&DS value ranged from 30 to 150 mg/l and
this was also within the recommended WHO specificabfup to 500 mg/l.Mean turbidity values of

studied water samples ranged between 0.16 to 4181 Nhe turbiditylevelsfound in water samples
were within the TBS recommended limit (5 — 25 NTahd still within the recommended values
byWHOof 5 NTU.

Table 3 here

3.3  Microbiological quality

In the present study the mean thermotolerant fealiflorm bacteria CFU counts /100 ml were not
found in all ten bottled water brands sampled amvestigated in this study (Table 4). The numbers
shown are the average measurements of thetwo agdidor each of water brand. However; tap
water from DAWASCO showed contamination with medfJCcounts of 4.0/200ml which is higher
than the acceptable levels by TBS and internatiamghnization guidelines on bottled drinking

water.

Table4 here

40 DISCUSSION

Outbreaks of waterborne diseases, often of epidgroportions have been occurring if human
wastes that are contaminated with pathogens erdé&grvgupplies. These include cholera, typhoid
fever and dysentery. Because it would be practicgalpossible to test for each of the wide variety o
pathogens that may be present, microbiological mgueality monitoring is primarily based on tests
for indicator organisms. The coliform bacteria coisma reliable indicator used to test water for
contamination by microorganisms. Coliform bactgiacherichia coli) live naturally in the human
intestinal tract and the average person excretéisnsi of them in feces each day[9]. The term
“coliform bacteria” refers to a group of gram negatbacteria that have a long history of being good
indicator of human fecal contamination in water lgyassessment. Coliform bacteria are harmless
and cause no diseases, but their presence in wagrindication of recent fecal contamination|9].
none are found, the water is free from fecal comation and can be assumed to be free from
pathogenic organisms, hence fit for human conswnpthe drinking water recommended standards
set by the TBS, IBWA, FDA, USEPA, WHO and the E€ shown in Table 5.

Table5 here
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With the exception of tap water from DAWASCO, alltbe studied bottled water samples complied
with microbial safety requirement as per TBS, IBWFDA, USEPA, WHO and the EC for drinking
water quality.

Thirteen brands of bottled water collected from phosupermarkets and street vendors in Dar es
Salaam were investigated for their microbiologiqaklities and 4.6% of them were found to be
contaminated with total and faecal coliform ba&t¢fiO].

In another study, it was revealed that 95.4% ofl&édtwater was free from total and fecal coliform
bacteria. Similar findings have been reported ireeent study whereby physico-chemical quality
parameters of nine bottled water in Dar es Saladmanzania were found to be good
[11].Furthermore, the findings from the previousdst onmicrobiological quality of bottled water
and this current observation in this study, indsagignificant improvement in water treatment by th

manufacturers as evidenced by the total absenieealf coliform bacteria in bottled water.

Similar findings have recently been reported wheréb all the bottled drinking water brands
available in retail shops in Mwanzacity in Tanzamnexe found to have conformed to TBS and WHO
guidelines for drinking water. The study concludieat the bottled water brands were safe for human

consumption [12].

With regard to the quality oftap water from DAWASG@nilarly inthe previous studyit was also
found to be worse with higher total and fecal aslifi bacterial counts, hence isstill unfit for human
consumption unless properly disinfected [10].Ppadly, bottled water is supposed to be the reliable
healthy drinking water in any parts of the worlduging Tanzania as it is regulated and have to
undergo through series of treatments to ensuréysafe

40 CONCLUSIONS

Our findings provides an insight on the physicocloaimand microbiological quality of ten bottled
water brands currently sold in retail shops in BarSalaam city in Tanzania. The results obtained
revealed that the pH, TDS and turbidity were witthie required levels setby TBS and WHO. This
indicates that, the manufacturers of sampled lwbitlater brands and DAWASCO in Tanzania are

conforming to the TBS and WHO standards on phys$ieotdcal requirements for drinking water.
6
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Results also showed the absence of thermotolessat fcoliforms bacteria in the bottled water
brands hence indicative of safety for public congtiom. With the exception of DAWASCO tap

water, all of the studied bottled water samples mleed with microbial safety requirement as per
TBS, IBWA, FDA, USEPA, WHO and the EC for drinkingater quality. Tap water from

DAWASCO is unfit for human consumption and it ne¢éd<e treated to render it safe for human
consumption. The measured physicochemical and biaapicalquality parameters in the brands
are within standards limits set by TBS, IBWA, FDASEPA, WHO and the EC for drinking water
guality. Our findings revealed that the brands oftled water analyzed are safe for human
consumption. However, concerned authority shouidritize on the regular monitoring of drinking

water physicochemical and microbial quality confatimn of bottled water brands and tap water in

Tanzania to continue providing safe drinking watethe population.
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Table 1.Bottled water brand description

Brand Code

Package volume (L)

A

1.0

15

1.0

0.5

0.5

0.5

1.0

0.5

15

15

B
C
D
E
F
G
H
I
J
D

AWASCO Tap water

1.0

Table 2:Bottled water classification

Brand name

Registration & Certification by TBS

Yes

Yes

Yes

Yes

No

Yes

Yes

No

No

C|ITIID@MmM OO m >

Yes

DAWASCO Tap water

No

Table 3. Physico-chemical parameters of the bottled dnigkwater brands and tap water with

comparison to the TBS and WHO Ilimit values

Bottled water brand

Mean pH

Mean TDS (mg/L)

Mean Turbidity (NTU)

A

7.3

126.7

0.24

8
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B 7.2 113.3 0.33
C 7.0 46.7 0.17
D 7.5 146.7 0.17
E 7.6 70.0 0.17
F 8.1 30.0 0.22
G 7.7 30.3 0.18
H 7.9 20.0 0.26
I 7.3 110.0 0.16
J 70.0 0.21
DAWASCO Tap water 7.4 150.0 4.8l
Standards

1. TBS 6.5-9.2 - 5-25
2. WHO 6.5-8.0 500 5

Table 4:Levels of fecal coliform bacteria in water samples

Bottled water brand Colony Forming Units per 100mls (CFU/100mls)
Measured value 1 Measured value 2 Mean

A 0/100 0/100 0/100
B 0/100 0/100 0/100
C 0/100 0/100 0/100
D 0/100 0/100 0/100
E 0/100 0/100 0/100
F 0/100 0/100 0/100
G 0/100 0/100 0/100
H 0/100 0/100 0/100
I 0/100 0/100 0/100
J 0/100 0/100 0/100
DAWASCO Tap water 5/100 3/100 4/100

Table 5:Guidelines on bottled water limits of microbial ¢camination

S/IN  Authority Fecal coliform/E.cali
1. TBS 0/100 ml

2. IBWA 0/100 ml

3. FDA <2.2/100 mi

4. USEPA 0/100 ml

5. WHO 0/100 ml

6 EC 0/100 ml

TBS = Tanzania Bureau of Standards; |BWA = International Bottled Water Association;
FDA = Food and Drug Administration; USEPA = United Sates Environmental protection agency; WHO =
World Health Organization; EC = European Community



