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Abstract

Water vending machines (WVMs) are commonly found in public areas and it is an alternative for public
easier to buy drinking water with much cheaper price. However, majority of the WVM in Gombak,
Selangor were not registered under Ministry of Health (MOH) and have raised a concern on the drinking
water quality from these machines. The aim of this study was to assess the physical, chemical,
microbiological parameters from the drinking WVMs, as well as to perform environmental assessments
of 20 water vending machines (10registered, 10 non-registered water vending machines) in Gombak,
and to compare the results between registered and non-registered WVMs. According to the results for
water quality tests, one registered WVM violated pH and total coliform standard (10%). On the other
hand, five non-registered WVMs (50%) were found not aligned with the MOH water quality standard. A
number of four out of five of non-registered WVMs (80%) were found to violate pH standard and one
non-registered WVM (10%) was violating total coliform standard. Environmental assessment also
showed that registered WVMs have better machine conditions as well as cleaner surroundings compared
to the nonregistered counterparts. The findings in this study showed that non-registered WVMs have
higher tendencies to violate any water quality parameters as well as poorer WVM conditions and
surroundings. These factors could pose health threats to the public who consume drinking water from
these machines.
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INTRODUCTION

Water vending machine (WVM) is an automated self-
service machine that dispenses water into a container in
exchange for a mentioned price (Price et al., 2006).
However, the quality of drinking water from WVMs are
prone to contamination from the lack of hygienic practice
and maintenance of the machines Thus, manufacturers
of the vending machine need to obey and adhere to the
procedure listed in Regulation 360C (Standard for
Packaged, Drinking Water and Vended Water, 2012), the
Malaysian Drinking Water Quality, Ministry of Health to
ensure the safety and quality of water (Food Safety and
Quality Ministry of Health, 2020). All WVMs in Malaysia
must be registered to Health Offices of their respective
districts so that these WVMs will be constantly inspected
by Health Officers to ensure the quality of drinking water
at all time. However, most WVMs are not registered and
this could pose a health threats to all the public. As of
November 2019, the licenses of 78 out of 88 registered
vending machines (88.4%) have expired and not being
renewed. Meanwhile, about 150 WVMs are suspected
not registered in the Gombak district alone.
METHODOLOGY

Water sampling and analysis

Water samples were collected from selected 20 WMVs
from Gombak’s four mukims. Ten samples were from
registered WVMs and another ten samples were from
non-registered WVMs. All water samples were sent to an
outsource laboratory and each samples undergone
physical, chemical and microbiological test (Table 1).

Table 1 Test Parameters and techniques

Parameter Techniques

Physical test pH: APHA 4500-H* B(2005)
turbidity: turbidity meter (APHA 2130 B)

colour: APHA 2120 B (2005)

Aluminium - APHA 3500 Al
Chloroform - USEPA 5021A
Nitrite (NO;') -

APHA 4500 NO3 B

Chemical test

Microbiological Membrane Filtration
test (APHA 9222 B)
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Environmental assessments

WVNMs were evaluated on three aspects, which were the
availability of dispensing nozzle cover, overall machine
conditions, and surrounding’s cleanliness. The
surrounding area may also affect the water quality as the
WVMs are normally situated in open spaces and can be
contaminated with dust, droppings and others.

Table 2 Water Sampling results

RESULTS AND DISCUSSION

Water sampling results

All water sampling results were depicted in Table 2.
According to Table 2, chloroform content and nitrite (NO2)
content were observed to have little to none in all 20
samples tested. Besides that, colour parameter results
showed that all samples obtained 5 (HU) which aligned

with the standard by MOH.

Registered Parameters

Water Vending pH @ Aluminium Chloroform Nitrite as Colour Turbidity Total Coliform

Machines 25°C NO,

Unit mg/l mg/l mg/l Hazen NTU CFU/100 ml

Unit
(HU)
Limit 6.5-8.5 0.04 0.0006 0.04 5 0.1 <10
Sampling ID RESULTS
Registered WVMs
A 7.32 0.024 ND<0.01 ND<0.01 5 0.04 ND<1
B 6.58 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
Cc 6.97 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 4
D 6.37 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 10
E 6.75 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
F 6.54 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
G 6.71 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
H 6.73 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
I 6.88 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
J 6.77 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
Non-registered WVMs

K 7 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
L 6.23 0.022 ND<0.01 ND<0.01 5 ND<0.01 ND<1
M 6.82 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
N 6.28 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
o 6.29 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
P 6.68 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 13
Q 6.31 0.031 ND<0.01 ND<0.01 5 ND<0.01 ND<1
R 6.49 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1
S 6.81 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 2
T 6.88 ND<0.014 ND<0.01 ND<0.01 5 ND<0.01 ND<1

Mean of pH value for water sample from registered
machine was higher (mean: 6.76, SD: 0.26) than
mean of pH value for water sample from non-
registered machine (mean: 6.57, SD: 0.29).
Nevertheless, independent t-test analysis shows that
there is no significant difference in pH value between
water samples from registered WVMs and non-
registered WVMs (t = 1.482, p>0.05)(Table 3).

Table 3: Independent sample T-test for pH Value

Mean / Std Division t P.
Value
Parameter Registered Non-
WVM Register
ed WWM
pH value 6.76 + 6.57 + 1.482 >0.05
0.26 0.29

The difference of pH for registered and non-
registered WVMs were not significant due to small
sample size. Where only 10 samples were taken
from each registered and non-registered WVMs.

Despite that, these samples’ results were still not
aligned with pH standard of 6.5 — 8.5 set by Food
Safety and Quality, Ministry of Health.

Oxides of sulphurs and nitrogen produced by either
natural occurrences such as volcano eruptions or
from human activities like fossil fuel consumption are
the main factor of acid rain occurrences and
acidifying water resources around the world (Baselga
et al., 2011). The acidity of water also influenced by
the formation of carbonic acid from the reaction of
carbon dioxide, CO2 in water (Eq. 1).

H,0 ...(1)
And carbonic acid will undergoes further reaction
resulting bicarbonate (HCO3-) and carbonate (CO3%)
as per (Eq. 2).

H,CO; +2 H,0= HCO3 + Hy0% +H,0
= CO2™ + 2H;07 ...(2)

The result has caused the decrease in pH
(Adamczyk et al., 2009). Acidic pH condition could
corrode the water piping system and possibly
causing toxic metal such as copper, lead and iron
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leached into the drinking water (Apera Instrument,
2017).

For example, the corrosion reaction is associated
with oxidation of iron:

And the reduction process of free chlorine in water:

1
502+ 2H* + 2" 2 H;0 ......(4)
HOCL+ H* +2e~ =2 Cl™ + H,0 ......(5)

(Eq.3) showed that the reduction of free chlorine in
water has contributed to acidic pH.

2Fe?* + HOCl + H* + 2e~ = 2Fe3* + CI~

Free chlorine resulted from reaction 3 could oxidized
ferrous iron (Fe?*) from (1) into ferric ions (Fe®*) and
causing iron corrosion. (Frateur et al.,, 1999).
Prolong negligence on pipe maintenance of WVM
could possessed threats on harmful side-effects due
to consumption on water from rusted piping.
Besides that, violations of pH in drinking water could
be from the absent or un-maintained neutralizing
filters of the machines. Neutralizing filter is a part of
the treatment device to increase the pH level of water
and placed at intake point. This part consist of
calcium carbonate (limestone) to reduce the pH and
synthetic magnesium oxide to increase the pH of
water (United State of Department of Agriculture,
2019). Moreover, neutralizing filters need to be
backwashed periodically to remove solid particles in
the water. Besides that, machines owners needs to
periodically refilling the neutralizing material to
ensure this filter is able to work efficiently (United
States Environmental Protection Agency New
England, 2007).

Although there was no certain correlation between
consuming weak acidic water and health threat, pH

of water are often related to the water quality aspects.

This is because pH of water able to influence the
level of metal corrosion, disinfection effectiveness,
and heavy metal poisoning due to ingestion of
dissolved metals. Besides that, low pH water could
corrode piping system in the machine and could
cause very serious faulty to the machine itself (World
Health Organisation, 2007). Heavy metal exposure
has been reported to pose more severe side effect to
children such as developmental delays, mental
retardation, heart disease, respiratory problems, and
many more (Al Osman et al., 2019).

Total coliform results in water samples

Table 4 depicted the samples that recorded total
coliform counts.

Table 4: Total coliform counts

Sampling Sampling Point Total
ID coliform
count
(CFU/100
ml)
C Bandar Country 4
Homes
D Taman Sri Batu 10
Caves
P Taman Melawati 13
S Bukit Indah, Ampang 2

Four samples were detected to consist of total
coliforms. Firstly, sample number C, which located at
Bandar Country Homes in Rawang was recorded to
have 4 CFU/100 ml of total coliforms. Secondly,
sample number D in Taman Sri Batu Caves of Batu
was reported to have 10 CFU/100 ml of total
coliforms. Both of these machines are registered
WVMs.

For non-registered WVMs, there were also two
machines that were recorded to have the presence
of total coliforms. Those were from samples number
P and S which located in the mukim of Hulu Kelang.
P were recorded to consist of 13 (CFU/100 ml) while
S were 2 (CFU/100 ml) of total coliforms. From this
result, only P was violating the standards by
exceeding 10 (CFU/100 ml).

Table 5 shows the independent sample T-test for
total coliform counts for both registered and non-
registered WVMs.

Table 5 Independent t-test for total coliform

Mean / Std Division t P-value
Registered Non-
Parameter WVM Registered
WVM
Total 140 £ 1.50 £ -0.06 >0.05
Coliform 3.27 4.08

Mean of total coliform value for water sample from
registered machine was higher (mean: 1.40, SD:
1.50) than mean of total coliform value for water
sample from non-registered machine (mean: 1.50,
SD: 4.08). Nevertheless, independent t-test analysis
shows that there is no significant difference in total
coliform value between water samples from
registered WVMs and non-registered WVMs (t= -
0.06, p>0.05).

Similar to pH result, the difference of total coliform for
registered and non-registered WVMs were not
significant due to small sample size. Where only 10
samples were taken from each registered and non-
registered WVMs. Despite that, these samples’
results were still not aligned with total coliform
standard <10 CFU/100ml set by Food Safety and
Quality, Ministry of Health.

Two of the highest recorded total coliform counts
were observed to have garbage placed nearby the
WVMs and unsanitary machine and surrounding
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conditions. There are high chances that water
dispensed from both machines were contaminated
by insects like flies that were present at the garbage
piles nearby. These flies could also have been
perched on the nozzle of these machines which may
pollute the water came out from it.

According to Guidelines for Drinking-water Quality by
WHO, total coliforms parameters were able to
describe the cleanliness and integrity of distribution
system and the presence of biofilms. Total coliforms
should not be presence in well-sanitized machine
and this parameters were giving the rough idea on
maintenance sufficiency and machines’ condition.
Drinking water also may be contaminated during
storage as Dbiofilms reformations or cross-
contaminations occurrences between stored drinking
water with foreign contaminants (World Health
Organisation, 2017).

Other possible factors might be the formation of
biofilms inside the piping system and inside the
nozzle due to lack of maintenance and improper
sanitation of the WVMs. Water contaminations
during storage could also be happened due to
insufficient regulations, limited understanding and
awareness among public (Zamberlan da Silva et al.,
2008).

Temperature is one of the major factor that affect the
growth of total coliforms. One study shows that total
coliform growth increases when temperature is
higher than 15 °C (Moosa et al., 2015b). E. coli
growth was reported to be increased when the
temperature is between 12-30°C (Prest et al., 2016).
With Malaysia experiencing humid weather and
averaging daily temperature between 21 - 32°C, total
coliform occurrences were expected to be high.

Total coliforms are made from few bacteria which in
majority does not possess harm to human health.
However, some of the bacteria in water such as
Escherichia coli (E. coli) and Klebsiella spp. could
possess health hazards to consumers. E. coli is the
typical form of faecal bacteria, which not only found
in human intestinal tract and other warmed-blooded
animals, also in faecal-contaminated water supply
(An et al., 2002). Despite most of the E. coli strains
are harmless, but some strains causes’ diarrhoea,
pneumonia, respiratory disease and many more.

Aluminium content, contributing factors, and
possible health effects

Table 6 listed 3 samples that recorded aluminium
content reading and their pH value.

Table 6: Aluminium Content vs. pH and turbidity

Sampling ID Aluminium pH @ Turbidity
content (mg/l) 25°C (NTU)
A 0.024 7.32 0.04

L 0.022 6.23 ND<0.01

Q 0.031 6.31 ND<0.01

According to the Water Vending Machine Guidelines
from Ministry of Health, the standard for aluminium
content is not more than 0.04 mg/l. In this case, all of
the samples were within the permissible limit.

One of the samples from registered WVMs, A with
0.024 mg/I of aluminium content with pH of 7.32, but
detected a slight reading of turbidity of 0.04 NTU
(Turbidity Standard: 0.1 NTU). Interestingly, the
other two samples from unregistered WVMs that
were recorded aluminium content results; samples L
and Q; were violating pH limit but no detectable
turbidity were recorded.

Concentration of alum and pH determines the
efficiency for turbidity removal (Jaeel & Zaalan,
2017). The most efficient concentration of alum are
between 20-30 mg/l where the turbidity removal
percentage were between 80-95%. However, when
the concentration of alum are at 40 mg/l, a noticeable
decrease of turbidity removal percentage were
observed. In the same study, the highest turbidity
removal were observed at pH 6.1 -6.2 (Jaeel &
Zaalan, 2017). A study by Pernitsky and Edzwald
also agreed that alum coagulant were very effective
in eliminating turbidity at pH 6-7 (Pernitsky &
Edzwald, 2006).

Besides that, exposure of high concentration of
aluminium in dialysis fluid also could cause dementia
among dialysis patients. Long period exposure of
high level of aluminium also could impair cognitive
function in human such as Alzheimer (Fawell, 2010).
Aluminium originally added to dialysate in form of
aluminium salts as phosphate binder. However, due
to this patients were diagnosed with elevated
aluminium concentration in brain tissue and plasma.
Due to its high affinity towards proteins, the affected
patient showed disorientation, and memory loss and
could causing dementia when memory impairment at
advance stages (Klotz et al., 2017). According to the
safety data sheet of alum by thermo fisher, the lethal
dosage, LDso for alum is 2g/kg via ingestion route,
but no data for LDso of dermal and inhalation route
(Thermo Fisher Scientific, 2012).

Environmental assessments and health impacts

All WVMs were evaluated on three aspects, which
were the availability of dispensing nozzle cover,
overall machine conditions, and surrounding
cleanliness and the rating were depicted in Table 7.

According to the observations, out of ten registered
WVNMs, only six of them has cover for the dispensing
nozzles and surprisingly all of the non-registered
WVNMs has cover for the dispensing nozzles.

Table 7: Environmental assessments results.
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Dispensing Nozzle Cover

Registered Non-registered
WVM WVM
Yes 6 10
No 4 0

Overall machine conditions

Registered Non-registered
WVM WVM
Good 6 3
Satisfactory 3 4
Poor 1 3

Surroundings cleanliness

Registered Non-registered
WVM WVM
Good 7 2
Satisfactory 2 5
Poor 1 3

For overall machine conditions, registered WVMs in
general has better machine conditions where six
units of WVMs were in good conditions and three
units were in satisfactory conditions and only one unit
in poor conditions. Meanwhile non-registered WVMs,
only three units were in good conditions, four units in
satisfactory conditions, and three units were in poor
conditions. For machines’ surrounding cleanliness
criteria, in overall registered WVMs were in better
surroundings compared to non-registered ones
where seven machines had clean surroundings, two
had satisfactory surroundings and only one machine
were in dirty surroundings. In the other hand, only
three non-registered WVMs had clean surroundings,
five were satisfactory, and three were in very poor
surroundings.

In general, all WVMs have their own dispending
nozzle cover which functioned to protect the
dispensing nozzles from cross contamination caused
by dust, wild animals, and etc. Four units of
registered WVMs which do not have the cover were
because the cover doors were broken and yet to be
fixed. These might compromised the water safety as
the dispensing nozzles were opened to any
contamination from the surroundings.

Overall machine conditions for registered WVMs,
three registered WVMs were graded as satisfactory
due to the missing nozzle cover but the machine
conditions were clean. And one unit of registered
WVMs was graded as poor because of missing
nozzle cover and poor machine conditions where
there were many dirty stains as well as rust stains
were spotted all over the machine.

For non-registered WVMs, four of the machines were
graded satisfactory were either because of dirty and
rust stains or some food leftover were spotted on the
machine. Meanwhile, three units were graded as
poor were because of not only the machine were
very dirty, some of the machines were observed to
have algae grown inside the dispensing nozzles.
These shown that those machines were had little to
no maintenance at all. The final criteria is the
surrounding conditions which the cleanliness of
machines’ circumambient were evaluated. Two of
the registered and five non-registered WVMs were

graded as satisfactory due to the discovery of some
water puddles underneath the machines, some
rubbish, and grass grown nearby. Whereas one
registered and three registered WVMs were graded
as poor were due to some machines were placed
besides very dirty drains, huge amount of garbage,
or wild animals like rats and flies were spotted nearby
the machines.

In general, environmental assessment towards
WVMs and its surroundings giving the rough ideas
on whether the water came from the machines are
safe to be consumed. Poorly maintained WVMs
could pollute the water from the rust of the piping
system and the inefficiency of badly maintained
filtration system. An article from The Star in 2019
mentioned that, our treated water was reported had
a hardness level below 100 mg due to the presence
of dissolved heavy metals such as cadmium, copper
and lead. These water has high tendency to corrode
piping system (The Star, 2019).

Hardness in drinking water plays an important role
for aesthetic acceptability as well as operational
considerations (Sengupta, 2013). Besides that,
locations of the WVMs also plays an important role
in determining the safety of drinking water. In this
study, four of 20 WVMs rates as poor for both
machine conditions and surrounding cleanliness.
They are B, D, P, and S. According to water sample
results obtained, these 4 samples were reported to
have total coliform reading from the respective
samples. The Centre for Disease Control (CDC) of
United States estimated that around 32 million cases
of annual acute gastrointestinal illness were from
public drinking water system (Wright et al., 2004).

CONCLUSION

The water quality assessment and environmental
assessment were found to be effective in this study.
The results acquired were able to indicate the overall
water quality as well as its safety between water from
registered and non-registered water vending
machines from all over Gombak district.

For physical characteristic assessments which
involving pH, colour, and turbidity level; only one
samples from registered WVM was violating pH
standard while four samples from non-registered
WVM were under the pH standard. Out of 20
samples from both registered and non-registered
WVM, only one sample from registered WVM
recorded a turbidity level reading but it was still within
the permissible level. Meanwhile, there were no
samples neither from registered nor non-registered
WVM were violating colour standard.

For chemical parameters, both chloroform and nitrite
(NO2") were not detected in any samples neither from
registered nor non-registered WVM. In the meantime,
aluminium concentration were detected in one
samples from WVM (0.24 mg/l) and two samples
(0.022 and 0.031 mg/l) from non-registered WVMs.
However all three reading were still within standard
of 0.04 mgl/l.
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For microorganism parameters, total coliform
reading has been detected in four samples. Two
samples from registered WVMs were recorded 4 and
10 CFU/100 ml, while two samples from non-
registered WVMs were recorded 2 and 13 CFU/100
ml of total coliform. Finally for environmental
assessment, registered WVMs collectively were in
better conditions compared to non-registered water
vending machines. Besides that, registered water
vending machines also have cleaner surrounding
compared to the non-registered ones.

In overall, only two registered WVMs were violating
any of the parameters’ standard. On the other hand,
6 out of 10 samples from non-registered WVMs were
violating any other parameters. In conclusion,
registered WVMs were better in both water quality
analysis and environmental assessment compared
to non-registered WVMs.
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