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ABSTRACT

Drinking Water Depot (DWP) offers cheap and affordable
drinking water, so it becomes an option for the society. However,
the large number of public interest is not accompanied by
qualified water quality. The test result by Bandung Public Health
Office on DWP quality indicated that 55.22% were not eligible.
The study aimed to determine the effective disinfection method
to reduce microbiology in Reverse Osmosis (RO) and Non-RO
methods. It was an analysis with a cross-sectional design. The
population was all DWPs in Bandung and obtained 659 DWPs as
samples. Sampling used two different tests and obtained 30
samples consisting of 30 DWP using RO and 30 Non-RO in
average. Data analysis was done through univariate and bivariate
using Wilcoxon Rank Sum test. The analysis result showed that
polluted water raw quality was 48.33%; the bacteria reduction
by RO method was 100% and Non-RO was 43.33%. The bivariate
analysis resultindicated that p-value was 0.033 which means that
there was a difference between disinfection method using RO and
Non-RO with the coliform presence. The RO disinfection is the
best method which was able to be used by DWP owners. Thus, the
society is suggested to choose DWP using RO disinfection method
which verified by Public Health Department.
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INTRODUCTION

Drinking Water Depot (DWP) is a business
entity that manage drinking water for society’s
needs in bulk. DWP was established during
economic crisis in 1998 to answer the problem
of high demand for bottled drinking water. The
society began to seek the alternative source of
cheap water to meet the drinking water needs.
DWP has grown rapidly and reached 659 DWPs
in Bandung since 2017. The result of test
conducted by Bandung Public Health
Department indicated that from 134 DWPs,
there were 74 DWPs (55.22%) contaminated
with coliform and E. Coli.!

Several factors affecting DWP drinking water
quality are sanitation hygiene, raw water, and
disinfection method. The hygiene standard is
influenced by DWP location which must be
pollution free, the quality of DWP equipment,
clean and healthy behavior as well as procedures
of DWP processing conducted.?

The treatment process determines the water
quality which will be consumed, except water
spring. DWP processing includes filtration and
disinfection.3 Filtration is a separating process of
suspended contamination and colloidal mixture
including microorganisms. Meanwhile, disinfec-
tion is to eradicate pathogens. There are several
methods used by DWP including using ozona-
tion, ultraviolet, and reverse osmosis. Disinfec-
tion using ozone (03) takes place in the ozone
mixing tank at least 0.1 ppm and the residual
ozone immediately after filling is 0.06-0.1 ppm.
Oxidizing ability of Ozone can kill various
microorganisms, such as Escherichia bacteria,
Salmonella enteritidis, and other pathogenic
bacteria. Ozone will destroy as well as kill the
outer microorganism cells (cell lysis).*

In addition to using ozone, disinfection is able
to be conducted by Ultraviolet (UV) with a
wavelength of 254 mm or a power of 2.537
degrees Angstrom can eradicate microorganism
in 1 second. The disinfection quality using UV is
strongly influenced by the water speed, the
capacity or UV volume and the lamp intensity.>

Reverse Osmosis (RO) is the most promising
membrane technology in reducing organic micro
pollutant from drinking water treatment. RO
filter becomes one of the most reliable filters.
This process is able to remove about 80 to 99.8%

of contaminants contained in water. RO process
uses high pressure, so the water can pass
through the membrane. The RO membrane
density is 0.001 micrometer.6 The osmotic
pressure used in combination with other
technology enables the water filter to produce
the best healthy water. However, there is still
thing that make it less effective in terms of time.
Since the membrane in this technology is micro,
the water which came out is also small. So,
clogged membrane, dirty membrane, and
broken membrane often occur.”

As demand for drinking water increases, the
society takes advantage of DWP existence. In
addition to being efficient and easy to get, the
price is also affordable. The poor quality of
treated water at the drinking water depot will
affect the health status of people in the drinking
water depot environment. So, it is the
background for the growth and development of
DWP, especially in Bandung city. The purpose of
this study was to analyze the quality of the raw
water sources used by drinking water depots,
determine the most effective disinfection
method to reduce coliform bacteria and provide
advice to drinking water depot entrepreneurs
regarding the selection of disinfection method.

MATERIAL AND METHOD

The study used quantitative with a cross
sectional design to find out the comparison of
using RO and Non-RO method on microbiologi-
cal quality at DWPs. It was carried out at all
Public Health Center in Bandung. There were
659 drinking water depots registered in all
public health centers as the populations.

Samples were obtained through the results of
calculation using the two-average difference test
formula, then obtained sample size of 30
samples which consist of 30 DWPs using the RO
disinfection method and 30 non-RO DWPs. The
inspection method used was a membrane where
the raw water and drinking water were passed
into a membrane filter for 100 ml. The analysis
technique used Wilcoxon Rank Sum Test.

Data were obtained by taking samples of raw
water and water from the DWP processing pro-
cess and then taking them to the laboratory for
immediate examination. Water sample taken
was 100 ml using sterile plastic. Then, labora-
tory test was done using membrane method,
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namely raw water or drinking water was passed
into a membrane filter. After that, it was incu-
bated for 24 hours at 37°C. Laboratory measure-
ment data were analyzed with application com-
puter using Wilcoxon Rank Sum Test analysis
and presented in the table. The use of Wilcoxon
Rank Sum Test as statistical analysis is because
the data is not normally distributed and the
measurement results for the independent varia-
bles contain categorical data and there is nu-
merical data for the dependent variable. It was
conducted from July to August 2020 in Bandung
City.

RESULTS

The field observation result showed that
average number of DWP employees were 2-3
people with percentage of 66.67%. It indicated
that DWPs in Bandung did business for a long
time which is 7% DWP have operated more than
10 years. There are 3 types of raw water sources,
namely spring, Perusahaan Daerah Air Minum
(PDAM), and well water (Table 1). Most owners
of DWP used spring water (76.67%), but
laboratory result showed Perusahaan Daerah Air
Minum (PDAM) has the best quality (Table 2).
The lack of DWP oversight by related offices is
indicated with business license ownership by

35%, proper hygiene sanitation issued by public
health department or local port health office by
30%, an overview of DWP production flow by
30%. The owner compliance levels in checking
DWP microbiological quality every 3 months are
30% and 6 months is 41% (Table 1).

The laboratory examination result presents
that microbiology in DWP raw water with spring
is 56.67%, well water is 100%, and PDWP is 75%
(Table 2). Then, DWP examination indicates that
it used RO disinfection method and it is 100%
eligible, while DWP using Non-RO is only
43.33% qualified (Table 3). The bivariate
analysis result indicates that p-value is 0.033 for
coliform which means that there is a difference
disinfection method using RO and Non-RO on
bacteria of 60 samples which have been tested in
laboratory (Table 4).

Table 4 indicates the result of two different
tests of average between Drinking Water Depot
using RO and Non-RO disinfection method in
reducing microbiological numbers in drinking
water. The p-value for the presence of coliform
and E. coli are 0.000. it can be concluded that
there is a significant difference between
Drinking Water Depot using RO and Non-RO
disinfection method.

Table 1. Characteristics of Drinking Water Depot (DWP)

Characteristic RO Non-RO %

Number of Employees

1 Person 0 9 15

2 People 22 18 66.67

>3 People 8 3 18.33
Business Length (Years)

<5 17 12 48.33

5-10 11 13 24

>10 2 5 11.66
Raw Water Source

PDAM 9 3 20

Spring Water 19 27 76.67

Well 2 0 4
Ownership

Business License 14 7 35

Sanitary Hygiene Certificate 10 8 30

Standard Operational Procedure 2 5 11.67

Production Flow 10 8 30
Laboratory Test

Last 3 Months 10 8 30

Last 6 Months 16 9 41
Information

Participate Counselling 19 16 58.33

Get Guidance 16 13 48.33

Drinking Water Depot Management 18 18 60

Source: Primary Data, 2020
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Table 2. Raw Water Quality

Perusahaan Daerah

. Air Minum (PDAM) Spring Water Well Water
Indicator
n=46 n=2
n % n % n %
Qualify 9 75 26 56.52 0 0
Not Qualify 3 25 20 43.48 2 100

Source: Primary Data, 2020

DISCUSSION

The disinfection process aimed to eliminate
microorganism in raw water. UV rays, ozone,
and reserve osmosis can be used to Kkill
microorganism in DWP raw water.8 The result
indicated that coliform bacteria was still found
in drinking water by Non-RO (UV and ozone),
while RO did not contain pathogenic bacteria.
The result of study is in line with Tomonic that
RO disinfection method has a better quality in
reducing microorganism than Non-RO method.®

The measurement in laboratory found that
Non-RO disinfection method was still found
microbiology. It is in line with Naratinova who
stated that coliform is found in UV lamps which
do not change > 36 months or 3 years.> It is not
in line with Jarvis who stated that UV-LED can
reduce microbiology in water above 97% at
wavelength of 275 nm by considering exposure
time, lamp position, light intensity, and the
resistance between light and water surface.10
The treated water quality in this study found
that unqualified water was 56.7%. Several
factors caused the poor quality of treated water
using UV disinfection method was the contact
time less than 1 second, so UV rays did not reach
the entire water surface.

This result is not in line with Ding’s finding
that there is a decrease in spore after given
injection of 1.5mg/L ozone and killed 99% of
bacillus spore.!! The flow rate of 4.17 ipm and
ozone content of 2.79 ppm can reduce coliform
in filtration system by 100%.12 UV and ozone
disinfection methods are still considered
ineffective if they are not accompanied with
cartridge filtration since these methods do not
completely reduce the microbiological presence
level in drinking water.13

Table 3. Drinking Water Depot (DWP) Quality

Table 4. Two Different Tests of Average

Wilcoxon Runk Sum Test

Indicator n p-value

Coliform 60 0.033

Variable RO % Non-RO %
Qualify 30 100 13 43.33
Not Qualify 0 0 17 56.67

Source: Primary Data, 2020

Source: Primary Data, 2020

RO is the most effective disinfectant method
to degrade microbiology in drinking water. The
laboratory measurement result showed that
100% of water processed by DWP had a quali-
fied drinking water based on Minister of Health
Regulation No. 492 of 2010 about Drinking Wa-
ter Quality Requirements. The RO effectiveness
in degrading microbiology is in line with Fujioka
that RO with bacteria removal rate ranging from
2.6 to 3.1-log (average = 2.9-log) and can reduce
all coliform bacteria. It indicates that it is the
best method applied in treating drinking wa-
ter.14 The weakness of RO system is that the
membrane is often clogged since the pore is tiny,
so colloidal particles, suspended particle, bacte-
ria, and virus cannot pass through the mem-
brane pores. The blockage occurs in osmotic
membrane because of deposition pores of mem-
brane by organic substance with a low concen-
tration of water salt.!> It makes the membrane to
work extra in filtering in order to lighten the
membrane work. So, pre-treatment is needed.
According to Cornellisen, the importance of pre-
treatment can reduce 10 times of dirt rate and
eliminate blockage to membrane. So, it can re-
duce installation maintenance costs.16

Water source plays an essential role in water
supply. According to Seo, water quality affects
the coliform concentration which is mostly
influenced by organic substance since good raw
water quality optimizes the work of DWP
equipment, so the water has good quality.l”
Based on the result of laboratory examination on
coliform, the unqualified raw drinking water
depots of 60 samples is 48.33%. Well water is
the worst choice since 100% unqualified, while
spring water is 43.5% and PDAM is 25%
unqualified (Table 2). The best water sources is
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from PDAM since it has processed before
distributed to customers, while spring and well
water have no treatment.

The guidance conducted by related offices is
not optimal. There is only 58.33% of DWP
owners who get counseling and 48.33% receive
coaching (Table 1). According to Villafuerte, it is
important to supervise the DWP in order to
know whether the water consumed is safe and
healthy. Monthly and annual training or seminar
must be conducted in operating DWP in order to
ensure that consumers get the quality product
and service. Furthermore, permits from relevant
office and laboratory measurement related to
the treated water quality must be carried out
before DWP starts operating as well as strict
surveillance in order to avoid contamination.!8 If
it is not supervised, a typical public health
problem is going to arise.l® The low compliance
of owner is proved by business license
ownership by 35% and sanitation hygiene
certificate by 30% (Table 1). The establishment
of DWP without recommendation and permit
from the relevant offices makes Health
Department/Port Health Office difficult to
supervise. The supervision conducted makes
people feel safe, comfortable, and get optimal
benefits of DWP services. The reason is that
drinking water is primary human need which is
broad, so the slightest risk must be avoided.2°

CONCLUSION AND RECOMMENDATION

The clean water treatment process is largely
determined by the selection of the filtration
method and the disinfection method. The
method using Reverse Osmosis (RO) is the best
method in reducing the presence of
microbiology in drinking water compared to
Non-RO methods. so it is recommended to every
drinking water depot entrepreneur to use the
reverse osmosis processing method.

Then for the Government, in this case the city
health department, must monitor and evaluate
the performance of the Drinking Water Depot, so
that the quality of the treated water from the
Drinking Water Depot can be maintained and
ensure that the people who consume the water
are not attacked by diseases originating from the
Drinking Water Depot.
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