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Graphical abstract

Total Coliform

\{

Water is the most important substance. Drinking water in
the industry comes from raw water and is treated through
a heating process. The results of laboratory tests on raw
water used for drinking water are 41 MPN/100ml, so it is
necessary to process raw water into drinking water using
Reverse Osmosis (RO) membrane technology. The
purpose of this study is to determine the difference in the
decrease in the total amount of Coliform in drinking water
based on variations in water pressure on the Reverse
Osmosis membrane in the canteen of X Industry. This type
of research is an experiment with the design used is pre-
test post-test without control, the sampling technique
used is grab sampling, and the total sample is 36 samples
with a volume of 3600 ml. The decrease in the total
number of Coliforms was analyzed using univariate and
bivariate tests. The results of total Coliform in drinking
water after treatment with Reverse Osmosis membranes
are the average results for a pressure of 1 bar is 0
MPN/100 ml, a pressure of 1.5 bar is 2.81 MPN/100 ml,
and a pressure of 2 bar is 5.3 MPN/100 ml. This study
concludes that there is a difference between the pressure
of 1 bar, 1.5 bar, and 2 bar on the decrease in the total

Reverse Osmosis Membrane Pressure

Abstract

Coliform content in the canteen of X Industry with a p-
value of 0.001, and the most effective pressure to reduce
total coliform in drinking water in the canteen of X
Industry is a pressure of 1 bar with a 100% percentage.
Suggestions for further research to carry out the saturated
condition of the Reverse Osmosis membrane.

Keywords: Coliform, reverse osmosis membrane,
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1. Introduction

Drinking water is household drinking water that goes
through a treatment process or without a treatment
process that meets health requirements and can be
consumed immediately (Gadgil, 1998; Treacy, 2019).
Provision of drinking water at X Industry comes from a
drilled well, of which there are 4 spots in X Industry and all
of them have been licensed and certified. Clean water
from the wellbore is drained into the treatment before
distribution. Drinking water used in X Industry comes from
clean water and only performs simple heating water
treatment.

Based on the laboratory examination results of drinking
water in X Industry canteen. Primary data is obtained on
February 25, 2022, resulting in 1.1 MPN/100 ml
meanwhile the required quality standard is 0 MPN/ 100
ml based on the Republic of Indonesia Minister of Health
Regulation Number 492 of 2010 on Drinking Water
Quality Requirements (Permenkes Rl, 2010). Researchers
conducted an examination of clean water at X Industry in
the Laboratory, resulting in 5.1 MPN/ 100 ml, while the
quality standards required is 0 MPN/ 100 ml is based on
the Regulation of Republic of Indonesia, Minister of
Health Number 32 of 2017 concerning Environmental
Health Quality and Water Health Requirements Standard
for Sanitary Hygiene Purposes, Swimming Pools, Solus Per
Aqua, and Public Baths the results meet the requirements,
therefore the researcher wants to use the clean water
sample to be directly used as drinking water by using the
Reverse Osmosis membrane filtration process, thus no
water heating treatment is needed anymore.
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Coliform bacteria are a type of bacteria that is commonly
used as an indicator of determining the sanitary quality of
food and water (Ashbolt et al., 2001; Feng et al., 2002;
Some et al., 2021). Coliform itself is not the cause of
waterborne diseases, but this type of bacteria is facile to
culture and its presence can be used as an indicator of
pathogenic organisms’ presence such as other bacteria,
viruses or protozoans are parasites that live in the human
digestive system and are contained in feces (Hrudey et al.,
2003; Pebriadi, 2013; Vendrell & Atiles, 2013).

Reverse Osmosis membrane is a water purification
technology that uses semipermeable membranes (Malaeb
& Ayoub, 2011; Pérez-Gonzalez et al., 2012; Subramani &
Jacangelo, 2014). Reverse Osmosis systems can separate
unwanted components such as organic, non-organic,
bacterial, viral, and particulate matter, as well as ions or
hook salts (Al-Obaidi et al., 2020; Collentro, 2010). The
Reverse Osmosis system is also known as a filter media
that has the smallest pore compared to other filters,
which is 0.0001 microns (Brown et al., 2008; EproxuH et
al., 2019). Reverse Osmosis membrane technology has
advantages, including processing can be done
continuously, relatively low energy consumption, easy to
combine with other separation processes, can be
performed under adjustable operating conditions, does
not require additives, and varies membrane constituent
materials (Jiang et al., 2017; Mardiatin & Purwoto, 2014;
Skuse et al., 2021).

Reverse Osmosis membrane can reduce the content of
Escherichia coli and Coliform bacteria with a reduced
efficiency of 91% which occurs at a pressure of 43 psi
(Mardiatin & Purwoto, 2014). Then based on other
studies, the optimum Reverse Osmosis performance is at
a pressure of 4 bar, and a flow rate of 5.0 L/minutes with
the effectiveness of the Reverse Osmosis membrane to
reject Escherichia coli and Coliform as much as 100%
(Asmaningrum & Pasaribu, 2016). The results of the
descriptive analysis show that the water pressure used is
2, 2.5, and 3 bar on the reverse osmosis membrane that is
applied to reduce the number of Escherichia coli bacteria
in clean water in the textile industry, all of the pressure
variations can reduce Escherichia coli bacteria up to 0
MPN/100 ml (Chairunissa et al., 2021).

The explanation above caught the researcher’s interest to
conduct an experimental study to find out the most
effective water pressure on the RO membrane to reduce
the total number of Coliform bacteria in the drinking
water of canteen X Industry. The study used pressure
variations of 1,1.5 and 2 bar.

2. Methods

This research is an experimental study with a pre-test and
post-test without a control design. The samples used in
this study were clean water and drinking water in the
canteen of X Industry will be treated with variations of
water pressure, which is at 1, 1.5, and 2 bar. Sampling is
carried out using the grab sampling technique.

This study conducted six treatments with three
repetitions, where pre-test and post-test were carried out
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in each treatment and repetition. The pre-test samples
were taken from the clean water in X Industry canteen.
Then during post-test sampling, a Reverse Osmosis
membrane replacement is carried out in every
replacement of water pressure variation. The test was
carried out in two days with three repetitions per day. The
number of samples required in this study was 36 samples.

The data collection tools used include a water
thermometer to measure the temperature of drinking
water, a TDS meter to measure the TDS drinking water, a
pH meter to measure the pH in drinking water, a set of
laboratory equipment examination of Total Coliform
samples, and cameras. The design of the research tool is
shown in Figure 1.
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Figure 1. Research tool design.

Description based on Figure 1. Research Design is:

1. Reservoir: To collect water that will enter the
Reverse Osmosis membrane tool

2. Faucet on/off: To regulate the water that will enter
the membrane Reverse Osmosis

3. 1/4-inch Hose size: To drain water from the
reservoir to the sedimentation filter, GAC filter, CTO
filter, and Reverse Osmosis membrane.

4. Pressure gauge: To regulate the Reverse Osmosis
membrane tool

5. Storage tank: To store water from reverse osmosis
membrane filtration

6. Sedimentation filter: This process is to precipitate
dirt, mud, sand, and dust

7. Filter GAC (Granular Activated Carbon): Is a filter
containing activated carbon in the form of granules or
granular, the function of this filter is to absorb odors,
tastes, colors, and organic substances in water

8. CTO (Chlorine Taste Odor) Filter: The media on this
filter is a block-shaped carbon sheet containing
activated carbon, the function of this carbon is to
neutralize taste and smell, then to filter chlorine as
well as metals in water.

9. RO Membrane: Reverse Osmosis membrane can
filter various contents of microorganisms, heavy
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metals, bacteria, viruses, inorganic materials, and
other harmful materials dissolved in water.

10. Outlet faucet: To remove the treated water from
the Reverse Osmosis membrane

11. Boost pump: A pump that pushes water from the
GAC filter (inlet) to the Reverse Osmosis membrane
(outlet).

Univariate analysis is used to find out the mean or average
value, the highest value, the lowest value, and standard
deviation, as well as the reduction results of measuring
the difference in pressure variation on the Reverse
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Osmosis Membrane and total calculation results of
Coliform, pH, Temperature, and TDS. The Bivariate
Analysis used is the One-Way ANOVA Test to know the
difference of water pressure on the Reverse Osmosis
Membrane towards the reduction of total Coliform in
drinking water.

3. Research results

The Total Coliform examination is carried out before and
after passing through reverse osmosis membrane
filtration, samples that have been taken and then sent to
the laboratory for examination.

Table 1. Results of total coliform content examination in drinking water before treatment (pretest) and after treatment (posttest)

Drinking Total Colony Count (Colony/100ml)
No. Water 1 Bar 1.5 Bar 2 Bar
Quality Test Pretest Posttest Difference Pretest Posttest Difference Pretest Posttest Difference
1 Repetition 1 38 0 38 38 2 36 41 5 36
2 Repetition 2 41 0 41 40 2 38 43 6 37
3 Repetition 3 43 0 43 38 4 34 43 6 37
4 Repetition 4 41 0 41 39 2 37 41 6 35
5 Repetition 5 43 0 43 41 4 37 40 5 35
6 Repetition 6 39 0 39 40 4 36 40 5 35
Average 41 0 41 41 3 36 41 5 36
Table 2. Temperature measurement results of drinking water before treatment (Pretest) and after treatment (Posttest)
Temperature (°C)
Repetition Pressure
1 Bar 1.5 Bar 2 Bar
Pre Post Pre Post Pre Post
1 27.7 27.7 27.6 27.7 27.1 27.1
2 27.5 27.6 27.7 27.8 27.2 27.3
3 27.5 27.7 27.5 27.6 27.4 27.4
4 28.4 28.5 28.6 28.6 28.2 28.2
5 28.3 28.3 28.5 28.6 28.5 28.6
6 28.5 28.6 28.3 28.5 28.4 28.5
Range 27.5-28.5 27.6 —28.6 27.5-28.6 27.6—28.6 27.1-28.5 27.1-28.6
Table 3. TDS Measurement results of drinking water before treatment (Pretest) and after treatment (Posttest)
TDS (ppm)
Repetition Pressure
1 Bar 1.5 Bar 2 Bar
Pre Post Pre Post Pre Post
1 355 29 352 25 360 22
2 57 25 358 23 356 23
3 352 27 357 24 362 21
4 354 28 358 25 352 24
5 350 25 351 24 358 25
6 351 30 352 28 364 22
Average 353,166 27,333 358 24,833 358,666 22,833

Based on Table 1 it is shown that the average result of
total coliform content in drinking water before treatment
is 41 MPN/ 100 ml. After being treated with variations of
water pressure differences, the average result of total
Coliform content after a given treatment of 1, 1.5, and 2
bar pressure resulted in 0 MPN/ 100 ml, 3 MPN/ 100 ml,
and 5 MPN/ 100 ml, respectively. While the average
reduction result of total Coliform content in drinking
water at X Industry after being treated with water

pressure of 1, 1.5, and 2 resulted in 41 MPN/ 100 ml, 36
MPN/ 100 ml, and 36 MPN/ 100 ml respectively.

Based on Table 2 it can be seen that the temperature
range in the pretest for the first, second, and third
treatment which is 1, 1.5, and 2 bar resulted in a
temperature range of 27.5 — 28.5 °C, 27.6 — 28.6°C, and
27.5 — 28.6°C, respectively. As for the post-test, the clean
water that passed through the Reverse Osmosis
membrane for the first, second, and third treatment
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which is 1, 1.5, and 2 bar resulted in temperature ranging
from 27.6 — 28.6°C, 27.1 — 28.5°C, and 27.1 — 28.6°C.

Based on Table 3 it is shown that the TDS in the first,
second, and third treatment, which is 1, 1.5, and 2 bar
respectively, resulted in an average TDS for the first
treatment of 353.166 ppm for pretest water and 27.333
ppm for posttest water, for the second treatment by 358
ppm for pretest water and 24.833 ppm for posttest water,
and as for the third treatment by 358.666 ppm for pretest
water and 22.83 ppm for posttest water. The standard
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deviation of TDS on pretest and posttest in every pressure
variation of 1, 1.5, and 2 bar is 39.33 with 42.66, 6.033
with 1.722, and 4.320 with 1.471, respectively.

Based on Table 4, the pH range of the first treatment (1
bar pressure) on pretest wateris 7.5-7.7,and 6.9 - 7.1 on
post-test water, for the second treatment (1.5 bar
pressure) on pretest water is 7.6 — 7.8 and 6.8 — 7.2 on
posttest water, and for the third treatment (2 bar) on the
pretest, water is 7.5 — 7.7 and 7 — 7.3 on posttest
water.

Table 4. pH Measurement results of drinking water before treatment (Pretest) and after treatment (Posttest)

pH
Repetition Pressure
1 Bar 1.5 Bar 2 Bar

Pre Post Pre Post Pre Post
1 7.6 7,1 7.8 7.1 7.6 7.3
2 7.5 7 7.8 7 7.7 7.2
3 7.7 6.9 7.7 7.2 7.5 7.1
4 7.6 7 7.6 7 7.7 7.1
5 7.5 7.1 7.6 6.9 7.5 7
6 7.5 7 7.6 6.8 7.5 7.3

Range 7.5-7.7 6.9-7.1 76-7.8 6.8-7.2 7.5-7.7 7-73

3.1. One-way ANOVA test

The One-Way ANOVA test is a parametric test used to
compare average values on dependent variables across all
compared groups. The One-Way ANOVA test in this study
was carried out to determine the difference in water
pressure towards the reduction of total Coliform content
in drinking water. The results of the One-Way ANOVA test
can be seen in the following table.

Table 5. Bivariate analysis results using one-way ANOVA test

Asymp. sig

Water Pressure Variations towards Total
Coliform Content in Drinking Water using
Reverse Osmosis Membrane

0.001

Description: a) If the value of Asymp. sig > 0.05 then Ho is
accepted. b) If the value of Asymp. sig < 0.05 then Ho is rejected.

Table 6. Post hoc test results

Table 5 showed the results of bivariate analysis using the
One-Way ANOVA test, which resulted in sig 0.001 < a
(0.05), thus Ho was rejected meaning that there was a
difference in water pressure towards the total coliform
content in drinking water treated using a Reverse Osmosis
membrane in the X Industry canteen.

3.2. Post hoc test

The Post Hoc test is used to determine whether a group
has significant differences over another. The r results of
the Post Hoc Test can be seen in the table as follows:

Based on Table 6 the post hoc statistical test result
showed that variations in water pressure had an influence
on reducing total coliform content. The largest mean
difference value shows the most significant pressure
variation in reducing total coliform content in drinking
water in X Industry, which is at 1 bar pressure.

Water Pressure Variations Mean Difference (I-J) Std. Error Sig.
1 bar Pressure 1.5 bar Pressure 4.3167" 0.8630 0.001
2 bar Pressure 4.8000" 0.8630 0.001
1.5 bar Pressure 1 bar Pressure -4.3167" 0.8630 0.001
2 bar Pressure 0.4833 0.8630 0.584
2 bar Pressure 1 bar Pressure -4.8000" 0.8630 0.001
1.5 bar Pressure -0.4833 0.8630 0.584

4. Discussion

4.1. Reduction in Total Coliform Content on Drinking
Water in X Industry Canteen

The reduced coliform microbiological content in drinking
water in PT. X uses Reverse Osmosis membrane filtration
with 3 different variations, namely pressure of 1, 1.5, and
2 bar. The total microbiological content of coliform from

all three variations in water pressure naturally reduced
after being treated with a Reverse Osmosis membrane.

The results of this study show that the most effective
percentage reduction is at a pressure of 1 bar with a
percentage reduction of 100%, while for a pressure of 1.5
bar, it is 92.85%, and a pressure of 2 bar is 87.19%.

Reduction of total coliform content in drinking water at
PT. X can occur because this study used a spiral wound-
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shaped membrane, this membrane module is in the form
of a sheet that is rolled into a tube. The spiral wound
module consists of a membrane, mesh paper (or spacers),
and a permeate tube. Spacers are used to create flow
channels inside the module and ensure an even
distribution of the flow. The membrane is attached on
three sides and the open side is connected to the central
permeate tube, where the membrane sheet is rolled up.
Reverse Osmosis membranes are made of polymers,
mostly made of cellulose acetate or composite polyamide-
type membranes (Jeong et al., 2007). This module is used
in the Reverse Osmosis process because this spiral wound
module has a large permeability (Wenten et al., 2014),
and has good fouling control if there is no resistance from
solid particles. The feed water that entered the spiral
wound module usually passes pre-treatment first to
remove solid particles to reduce the risk of fouling
(Fritzmann et al., 2007; Muthia, 2017; Prihasto et al.,
2009).

Treatment using a Reverse Osmosis membrane is a
physical process treatment carried out by providing thrust
or pressure, holding all ions, releasing pure water, and
removing dirty water (Fababuj-Roger et al., 2007). The
reverse Osmosis membrane has a pore size of ten
thousand microns and can remove organic substances,
bacteria, pyrogens, as well as colloids that are retained by
pore structures that function as a filter (Eddy, 2013).

4.2. Temperature Towards Total Coliform Reduction in X
Industry

Temperature measurements on pretest water (before
treatment) and posttest (after treatment) in X Industry
canteen obtained results for pressure 1, 1.5, and 2 bar
with a temperature ranging from 27.1 — 28.6 °C. These
results are obtained from testing the water temperature,
which is very volatile, but the pretest water temperature
is still included in the optimal temperature before the
water enters the Reverse Osmosis membrane and after
exiting the Reverse Osmosis membrane the water temp-
erature range result is almost similar to the pretest water
temperature result. The optimum temperature for reverse
osmosis system operations ranges from 24-29°C. In
addition, Coliform as a pathogenic bacteria can multiply at
temperatures of 7 °C to 60 °C (Putri & Kurnia, 2018; Spinks
et al., 2006). So based on this, the raw water temperature
on a pretest in this study is optimum to be passed through
the Reverse Osmosis membrane. The temperature of
drinking water after passing through the Reverse Osmosis
membrane ranges from 27.1 — 28.6, this is inversely
proportional to the total breeding of coliform bacteria
because at that temperature the total coliform bacteria
can still multiply thus fluctuating results are obtained.

4.3. TDS (Total Dissolved Solid) Towards the Reduction of
Total Coliform at X Industry

The results of TDS measurements in this study were
carried out at 2 points, namely on pretest water (before
being given treatment) and post-test (after being given
treatment) in the X Industry canteen, a result for pretest
and post-test is obtained for every pressure variation, as

for the average result in pretest for 1, 1.5, and 2 bar is
356,61 ppm and 25 ppm for posttest. The results showed
a significant reduction in each variation and the largest
reduction was found at a pressure of 2 bar with the lowest
value of TDS as 21 ppm, this happened because the
substances dissolved in water are retained on the Reverse
Osmosis membrane thus the water that has passed
through the Reverse Osmosis membrane is considered as
water of good quality, and water that is suitable for
consumption because thee lower the Total Dissolved Solid
(TDS) value, the purer the water and good quality
(Asmaningrum & Pasaribu, 2016).

One of the factors that are very important and determines
whether the water is suitable for consumption is the TDS
content or the total content of mineral elements in water
because the TDS value indicates the substance organic
and inorganic content, minerals, and materials dissolved
in it (Islam et al., 2017). The TDS capacity of about 5 — 25
ppm in drinking water is very small, but the latest world
criteria require an even lower amount of TDS in drinking
water. The output of Reverse Osmosis has already met
this requirement, and the TDS contained in drinking water
in his study still meets the requirements for consumption
(Budiyono, 2012).

4.4. pH Towards the Reduction of Total Coliform in the X
Industry Canteen

The pH value greatly affects the working system of
Reverse Osmosis, membranes made of cellulose acetate
can only be operated in a small pH range, the pH must be
maintained between 4 and 6 (Arora et al., 2004; Escobar
et al., 2000). On the other hand, this membrane is
resistant to oxidation by chlorine. Thin-film composite
membranes can be operated in the high pH range
between 3-11, but they are sensitive to the presence of
chlorine. pH measurement on pretest water before
treatment and posttest after treatment in X Industry
canteen for every pressure variation of 1, 1.5, and 2 bar
resulted in a pH range of 6.8 — 7.8. The measurement
results show that the pH value that enters the Reverse
Osmosis system is drinking water with a normal pH range
required for the Reverse Osmosis system operation, which
is in a range of 6-9, the water that has passed through the
Reverse Osmosis membrane has a relatively lower pH
compared to the results before treatment at every
pressure variation. The high or low pH value of water
depends on several factors, namely the condition of the
gases in water such as CO? and the concentration of
carbonate and bicarbonate salts, the water pH released
from the Reverse Osmosis system can reduce because the
carbonates and bicarbonates salts in water are retained
on the reverse osmosis membrane, therefore the quality
of the water released by the Reverse Osmosis system is
already in the neutral pH range, hence the water is
suitable for consumption according to the predetermined
quality standards, namely at pH ranging from 6.5 — 8.5.

4.5. Research Limitations

The research that has been carried out is still on a pilot
project scale, therefore it cannot be applied directly. In
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this study, researchers did not examine other parameters
other than Coliforms such as Fe, Mn, Hardness, Heavy
metals, or other microbiological parameters.

5. Conclusion

Based on the research that has been carried out, the
results of the total coliform content before and after
passing through the Reverse Osmosis membrane, at a
pressure of 1 bar before 40.83 MPN/ 100 ml and after O
MPN/ 100 ml, at a pressure of 1.5 bar, before 40.83
MPN/100 ml and after 2.81 MPN/100 ml, and lastly at a
pressure of 2 bar before 41.3 MPN/100 ml and after 5.3
MPN/100 ml. There is a significant difference between the
variation in water pressure of 1 bar, 1.5 bar, and 2 bar to
the reduction in the total coliform content in the X
Industry Canteen with a p-value of 0.001. The water
pressure of 1 bar on the Reverse Osmosis membrane is
the most effective pressure in reducing the total coliform
content in drinking water at X Industry Canteen with a
percentage reduction up to 100%.

Suggestion

For further research, further research needs to be carried out
regarding the saturated condition of the Reverse Osmosis
membrane in all variations in the filtration process of the
coliform total.
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