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ARTICLE INFO ABSTRACT

Article History: Background: Water contaminated with Total Coliform can lead to diseases
Received: 2025-09-15 such as diarrhea, cholera, dysentery, and other gastrointestinal infections.
Accepted : 2025-10-09 Preliminary testing of water at PT. X revealed a Total Coliform count of 56

Published: 2025-10-27 CFU/100 ml], surpassing the safe threshold for clean water. This study aims to
evaluate the effect of varying ultraviolet (UV-C) light contact times—90, 120,
Keywords: and 150 seconds—on the reduction of Total Coliform in clean water.
Methods: An experimental post-test with a control group design was used. The
sample size was determined by the number of treatment groups and
repetitions, resulting in a total of 24 samples. Grab sampling was employed for
sample collection.
Results: The average Total Coliform count in the control group was 56
CFU/100 ml. After UV-C treatment, the counts decreased to 32 CFU/100 ml at
90 seconds, 11 CFU/100 ml at 120 seconds, and 0 CFU/100 ml at 150 seconds.
One-way ANOVA analysis yielded a p-value of 0.001, indicating a significant
effect of UV-C contact time on the reduction of Total Coliform in clean water at
PT. X, Sumedang Regency.
Conclusion: Disinfection using UV-C light with a contact time of 150 seconds
is recommended.

©2025 by the authors. Submitted for possible open-access publication under the terms and conditions of the Creative
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Clean water is a vital resource utilized to meet daily human needs, adhering to the health quality
standards established by the Ministry of Health, and is considered safe for drinking upon boiling (Aba
et al,, 2023; Tripathi, 2023). Water intended for hygiene and sanitation is defined as water used for
personal and domestic cleanliness (Ersel, 2015; Permenkes, 2017; Sultana et al., 2022). Water is
essential for human life, as the body is largely composed of it: approximately 55-60% in adults, 65%
in children, and 80% in infants. Human water requirements are diverse, covering drinking, cooking,
bathing, and washing (Widyawati, 2019).

One key indicator of water pollution is biological assessment, which evaluates contamination
based on the presence of microorganisms, particularly pathogenic bacteria like Coliform. This
microbiological parameter is a primary indicator of pollution from domestic, industrial, or
agricultural waste (Bylund et al., 2017; Korajkic, McMinn, & Harwood, 2018; Saputri & Efendy, 2020;
Some et al, 2021). The presence of Total Coliform above permissible limits suggests fecal
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contamination in the water system, posing risks of diseases such as diarrhea and cholera (Syafarida,
Jati, & Sulastri, 2022). According to the Minister of Health Regulation No. 2 of 2023, the standard for
E. coli and Coliform in water for hygiene and sanitation must be 0 CFU/100 ml (Kementerian
Kesehatan, 2023). However, test results from PT. X in Sumedang Regency in June 2025 showed a Total
Coliform level of 56 CFU/100 ml], indicating that the water used for various industrial purposes failed
to meet safety standards.

The presence of Coliform bacteria signals sanitation contamination from human or animal feces
or decaying plant matter, which can lead to waterborne diseases (Banseka & Tume, 2024; Li & Liu,
2019). Therefore, preventive measures are necessary to improve water quality, with disinfection
being a primary method (Backer, Derlet, & Hill, 2024). Common disinfection techniques include
boiling, chlorination, ozonation, and ultraviolet irradiation. Ultraviolet (UV-C) disinfection is a cost-
effective, rapid, and safe option because it adds no chemicals, thereby preserving the water's original
color, taste, and odor. Its limitations, however, include the need for electricity and reduced
effectiveness against certain spores and viruses (Abboushi, Rodriguez-Feo Bermudez, Tuenge, &
Arnold, 2025; Khan, Mumtaj, Khan, Ahmad, & Algahtani, 2025; Sliney & Stuck, 2021)

The bactericidal mechanism of UV-C radiation involves its ability to penetrate microbial cell walls
and alter their nucleic acids by forming thymine dimers. This damage to DNA and RNA inhibits
replication, neutralizes pathogenic properties, and ultimately leads to cell death (Dinny, Teguh,
Yosephina, & Agus, 2019). Since Coliform bacteria contain DNA, they are susceptible to inactivation
by UV-C radiation (Ningsih, Karmini, & Hidayah, 2021). A study by Sari et al. (2021) demonstrated
that a 30-second UV-C exposure reduced E. coli levels from 23 CFU/100 ml to 0 CFU/100 ml. Similarly,
a preliminary trial by the researcher on July 2, 2025, showed a reduction in Total Coliform from 56
CFU/100 ml to 0 CFU/100 ml after 150 and 180 seconds of exposure.

This study aims to determine the effect of varying ultraviolet (UV-C) exposure times on the
reduction of Total Coliform in the clean water at PT. X, Sumedang Regency, using contact times of 90,
120, and 150 seconds. The system is powered by solar panels, which were chosen as a renewable and
environmentally friendly energy source to reduce dependence on the conventional power grid.
Furthermore, solar panels offer long-term operational cost efficiency, making them highly relevant
for supporting the sustainability of industrial processes like those at PT. X.

METHODS

This study employed an experimental design using a post-test with control group, conducted in
July 2025 at PT. X, Sumedang Regency. Samples were collected using the grab sampling method from
a bore well, which serves as the company’s primary source of clean water. The bore well water was
utilized for production, sanitation, and domestic needs within the industrial area. The surrounding
environment includes both domestic and industrial activities, which may contribute to potential
contamination. Initial testing results showed a temperature range of 27.0-27.6°C, total dissolved
solids (TDS) below 500 mg/L, pH between 7.0-7.2, and turbidity levels of 1-2 NTU, all of which meet
the physical quality standards for clean water. However, the Total Coliform count was 56 CFU per 100
ml, exceeding the maximum permissible limit of 0 CFU per 100 ml as stipulated in the Minister of
Health Regulation No. 2 of 2023. All tests were conducted using water from the same source (PT. X
bore well). The control sample consisted of water without UV-C exposure, while the treatment
samples were exposed to UV-C radiation with contact time variations of 90, 120, and 150 seconds.
Examinations were carried out for physical parameters (temperature, TDS, pH, and turbidity) before
and after treatment, as well as for Total Coliform counts, following ISO 9308-1:2014. Data were
analyzed univariately to describe the variables and bivariately using one-way ANOVA to assess
differences among treatments.
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Equipment and Material Preparation Stage

a. Ultraviolet (UV-C) Lamp
Prepare an ultraviolet (UV-C) lamp with a wavelength of approximately 254 nm. Connect the
lamp’s electrical system to a battery powered by a solar panel, and ensure it is placed in a dry
area to prevent contact with water.

b. Solar Panel and Electrical System
Prepare a solar panel with sufficient capacity to supply energy to the UV-C lamp. Connect the
solar panel to a storage battery through a charge controller. Use an inverter if necessary to
convert direct current (DC) to alternating current (AC). The battery functions as an energy
reserve when sunlight is unavailable.

c. Supporting System

Equip the system with a water pump to channel the sample into the sterilization chamber, and
install a digital timer connected to a relay or switch to control the UV-C exposure duration. Use a
solenoid valve (automatic faucet) with appropriate pipe sizes (¥2” or 34”) to regulate water flow
automatically.

A = Solar Panel

B = Initial Clean Water Tank
C =Iron Frame

D = Ultraviolet (UV-C) Lamp
E = Automatic Timer

F = Output Water Faucet

Figure 1. Equipment Design

RESULTS
The findings are presented in the following tables.
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Figure 2. Measurement Results of Clean Water Temperature Based on Ultraviolet-C Contact
Time at PT. X, Sumedang Regency
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Table 1 shows the general characteristics of respondents. Most respondents were female
(64.7%), aged 40-59 years (58.7%), and housewives (57.3%). A majority reported healthy lifestyles
(55.3%) and healthy dietary patterns (62.7%). Hypertension was found in 65 respondents (43.3%),
while 58% were classified as having abnormal nutritional status
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Figure 3. Measurement Results of Clean Water pH Based on Ultraviolet-C Contact Time at PT.
X, Sumedang Regency

Based on the table above, the minimum pH value in the control sample, as well as at 90 seconds,
120 seconds, and 150 seconds of contact time, was 7.1, while the maximum pH value in the control
sample and at 90, 120, and 150 seconds of contact time was 7.4.

mn mn

N N NI

— = AC R
2 ~ ~ ™ N
a - o — - N
=) N o o~ o~ o o
0 AP — — N N
T & — Zpd — — 3
_ (o) (o]
o —X — < —

D~ D~
9%} - N ™ — H Control
o]
o — —
> wn 90 Seconds
o —
w
g 1120 Seconds
S 150 Seconds
o
F
1 2 3 4

Repetitions
Source: Primary Data, 2025

Figure 4. Measurement Results of Total Dissolved Solids (TDS) in Clean Water Based on UV-C
Exposure Time at PT. X, Sumedang Regency
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Based on the table above, the minimum TDS value in the control sample was 118 mg/L, at a
contact time of 90 seconds was 118 mg/L, at 120 seconds was 115 mg/L, and at 150 seconds was 117
mg/L. Meanwhile, the maximum TDS value in the control sample was 122 mg/L, at a contact time of
90 seconds, was 123 mg/L, at 120 seconds, was 125 mg/L, and at 150 seconds was 125 mg/L.
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Figure 5. Results of Total Coliform Examination in Clean Water Based on Ultraviolet-C
Exposure Time at PT. X, Sumedang Regency

Based on the table above, the average Total Coliform count in the control sample was 56 CFU/100
ml. In the treatment with a contact time of 90 seconds, the average count was 32 CFU/100 ml],
representing a 43.7% reduction. At a contact time of 120 seconds, the average count decreased to 11
CFU/100 ml, corresponding to a 64.7% reduction, while at 150 seconds, the Total Coliform count
reached 0 CFU/100 ml, indicating a 100% reduction.

Table 1. Results of One-Way ANOVA Test

Sum of Squares df Mean Square F Sig.
Between Groups 3887.125 3 1295.708 257.000 0.001
Within Groups 100.833 20 5.042
Total 3987.958 23

Source: Primary Data, 2025

Based on the results of the bivariate analysis using the One-Way ANOVA test, the significance
value was found to be < 0.05. Therefore, it can be concluded that there is a significant effect of the
independent variable on the dependent variable, namely the reduction of Total Coliform in clean
water at PT. X, Sumedang Regency.

Table 2. Results of the Post Hoc Test

Variations in Contact Time Mean Differece (I-])  Sig.
Contact Time of 90 Seconds Contact Time of 120 Seconds -20.16667" 0.001
Contact Time of 150 Seconds -31.16667" 0.001
Contact Time of 120 Seconds Contact Time of 90 Seconds 20.16667* 0.001
Contact Time of 150 Seconds -11.00000" 0.001
Contact Time of 150 Seconds Contact Time of 90 Seconds 31.16667" 0.001
Contact Time of 120 Seconds 11.00000* 0.001

Source: Primary Data, 2025
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Based on the results of the Post Hoc test for the contact time variations of 90, 120, and 150
seconds of ultraviolet-C exposure, each treatment exhibited a statistically significant difference in
reducing the Total Coliform count. The findings indicate that the 150-second UV-C contact time was
the most effective in decreasing Total Coliform levels in clean water at PT. X, Sumedang Regency.

DISCUSSION

Effect of Temperature on the Reduction of Total Coliform in Clean Water

Water temperature plays a crucial role in the effectiveness of ultraviolet-C (UV-C) disinfection.
Although the primary mechanism of UV-C radiation involves damaging microbial DNA through the
formation of thymine dimers that inhibit replication, the physical condition of bacterial cells can also
be influenced by water temperature. The optimal temperature range for effective UV-C radiation is
generally between 20°C and 30°C. Within this range, the bacterial cell wall structure remains
relatively stable without undergoing extreme changes, allowing UV-C rays to penetrate the cell
nucleus more efficiently and enhancing the inactivation process (A., As, & Setiadi, 2014).

Temperature measurements of the clean water at PT. X in Sumedang Regency were conducted
before and after treatment. Measurements taken over six replicates showed a temperature range of
27.0-27.6°C. These direct field measurements indicate that the water temperature complied with the
stipulations of Indonesian Ministry of Health Regulation No. 2 of 2023, which mandates that
permissible water temperature should be approximately +3°C of the ambient air temperature.
Furthermore, after exposure to ultraviolet (UV-C) irradiation, the water temperature did not exhibit
any significant deviation from the control water temperature. The results of this study demonstrate
that at a water temperature of approximately 27.0-27.6°C, the Total Coliform count decreased from
56 CFU/100 mL to 32 CFU/100 mL at a contact time of 90 seconds, 11 CFU/100 mL at 120 seconds,
and 0 CFU/100 mL at 150 seconds. This suggests that deviations from the optimal temperature range
can reduce the efficacy of UV-C disinfection. At lower temperatures (<20°C), bacterial cell walls tend
to become more rigid, thereby impeding the penetration of UV-C radiation into the cell nucleus.
Conversely, at elevated temperatures (>30°C), excessive heat can induce protein denaturation and
alterations in the cell membrane, which may render some bacterial species more resistant or induce
cellular stress that affects their sensitivity to UV-C radiation. Consequently, maintaining water
temperature within an optimal range is crucial for ensuring consistent and effective disinfection
performance.

The Influence of pH on Total Coliform Reduction in Clean Water

pH measurements of the clean water at PT. X in Sumedang Regency were conducted both before
and after treatment. The measurements, performed in six replicates, yielded a pH range of 7.1 to 7.4.
These direct field measurements confirm that the water's pH level complied with the requirements
stipulated by Indonesian Ministry of Health Regulation No. 2 of 2023, which sets the permissible pH
range for water between 6.5 and 8.5. Furthermore, following disinfection using ultraviolet (UV-C)
light, no significant change in the water's pH was observed.

The Influence of Total Dissolved Solids (TDS) on the Reduction of Total Coliform in Clean Water

TDS (Total Dissolved Solids) measurements of the clean water in the kitchen of PT. X, Sumedang
Regency, were conducted before and after treatment. Measurements taken across six replicates
yielded a TDS range of 115-125 mg/L. These direct field measurements confirm that the TDS level of
the water complies with the standards set by Indonesian Ministry of Health Regulation No. 2 of 2023,
which stipulates a permissible TDS level of <300 mg/L. Furthermore, following disinfection using
ultraviolet (UV-C) light, no significant change in the TDS of the clean water was observed. The low
TDS value indicates that the water contains a low concentration of dissolved substances, such as salts,
metals, and inorganic minerals (Navratinova & Tri, 2019).
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Total Coliform in Clean Water at PT. X, Sumedang Regency, Before and After UV Irradiation

Laboratory analysis revealed that the initial Total Coliform count in the clean water at PT. X,
Sumedang Regency, was 56 CFU/100 mL. This value exceeds the maximum permissible limit for clean
water quality as stipulated by the Indonesian Ministry of Health Regulation No. 2 of 2023, which is 0
CFU/100 mL. This condition indicates that the water at this location is microbiologically non-
compliant and can serve as a vehicle for transmitting waterborne diseases, such as diarrhea,
dysentery, cholera, and other gastrointestinal illnesses. Following treatment with ultraviolet (UV-C)
irradiation powered by solar panels, a significant reduction in Total Coliform was observed. At a
contact time of 90 seconds, the average Total Coliform count decreased to 32 CFU/100 mL. With an
extended contact time of 120 seconds, the count was further reduced to 11 CFU/100 mL. Finally, at
the maximum contact time of 150 seconds, the average Total Coliform count reached 0 CFU/100 mL.

This reduction is attributed to the mechanism of ultraviolet (UV-C) light at a wavelength of 254
nm, which can damage the DNA and RNA structures of bacteria, including the Coliform group. The
UV-C radiation induces the formation of abnormal bonds between thymine bases (thymine dimers)
within the bacterial DNA strand. The formation of these thymine dimers disrupts the processes of
DNA replication and transcription. Consequently, the microorganisms lose their ability to reproduce,
ultimately leading to irreversible cell death (Gao, Zhao, & Li, 2025; Kumar & Tripathi, 2025; Thorpe,
McKinlay, Richards, Sang, & Stewart, 2024).

The bactericidal process induced by ultraviolet (UV-C) light operates without the need for
additional chemicals, rendering it a highly efficient and environmentally friendly method. UV-C
exposure causes direct damage to the microbial cell nucleus without generating harmful by-products.
Consequently, the application of UV-C irradiation constitutes a highly effective disinfection method
for reducing microbiological contamination, including Total Coliform. The efficacy of UV-C in reducing
Total Coliform is a significant advantage, as the treatment is relatively straightforward and simple to
manage. Furthermore, this method does not produce hazardous by-products, is non-toxic, and does
not impart any adverse effects on the water's taste or odour. Additional benefits include a short
required contact time, ease of operation and maintenance of the equipment, and a long operational
lifespan (Labina & Purnomo, 2022). Therefore, the application of UV-C irradiation presents a viable
and effective solution for addressing the clean water issue at PT. X in Sumedang Regency.

The observed reduction of Total Coliform bacteria in the clean water at PT. X, Sumedang Regency,
is attributed to the germicidal mechanism of ultraviolet (UV-C) radiation. UV-C radiation is a form of
electromagnetic energy capable of penetrating the cell walls of microorganisms. The subsequent
absorption of this UV-C radiation by bacterial DNA induces molecular damage that inhibits the
microorganisms' ability to replicate, leading to their effective inactivation 15. The formation of
covalent bonds between adjacent pyrimidine bases, particularly thymine, constitutes the primary
mechanism of bacterial inactivation. Pyrimidines exhibit strong absorption of ultraviolet-C (UV-C)
radiation at 254 nm. This photochemical reaction generates reactive thymine species that form
thymine dimers, creating structural distortions in the DNA helix. These lesions ultimately impair the
accuracy of bacterial DNA replication, leading to lethal mutagenesis and effective microbial
elimination from the water (Labina & Purnomo, 2022).

The efficacy of ultraviolet (UV-C) radiation absorption by bacterial DNA molecules is dependent
on the wavelength of the UV-C light. The most potent germicidal activity occurs within the wavelength
range of 250 nm to 265 nm. This study utilized a UV-C lamp emitting at a wavelength of 254 nm, which
falls within this optimal range. Beyond the wavelength parameter, the success in reducing Total
Coliform bacteria observed in this study is also attributed to the variable contact time between the
UV-C radiation and the bacterial cells (Dramicanin et al., 2025).

89



Study Limitations

This study has several limitations: (1) The experimental design used a post-test with control
group approach, which only measures the effect of treatment after exposure without considering
baseline differences, so it cannot fully describe the trend of bacterial reduction over time; (2) The
study was conducted only in one industrial site (PT. X, Sumedang Regency), which may limit the
generalizability of the findings to other locations with different water characteristics or
contamination sources; (3) Environmental factors such as turbidity, dissolved organic matter, or lamp
aging that could influence UV-C effectiveness were not analyzed in detail, potentially introducing
uncontrolled confounding effects; (4) The study focused solely on Total Coliform without including
other indicator microorganisms such as E. coli or heterotrophic bacteria, which could provide a
broader understanding of disinfection efficiency; and (5) This study did not assess the long-term
operational performance or energy efficiency of the solar panel-powered UV-C system under field
conditions. Future studies are recommended to include more diverse sampling sites, analyze
additional microbial indicators, and evaluate the long-term sustainability and cost-effectiveness of
solar-based UV-C disinfection systems.

CONCLUSION

The Total Coliform count in the clean water supply of PT. X Sumedang Regency was measured at
52-58 CFU/100 ml prior to disinfection treatment with ultraviolet (UV-C) light. Following UV-C
irradiation powered by a solar panel, a significant reduction in coliform concentration was observed
across different contact times. Specifically, a contact time of 90 seconds yielded a Total Coliform count
of 30-33 CFU/100 ml, while 120 seconds resulted in 10-12 CFU/100 ml. Crucially, a contact time of
150 seconds achieved a complete elimination, registering 0 CFU/100 ml. The results suggest that PT.
X Sumedang Regency can adopt this study's findings as a viable alternative for the microbiological
purification of clean water. The most effective protocol utilizes a 15-watt UV-C light source for 150
seconds at an exposure distance of 2 cm, powered by solar energy, to achieve a 100% reduction in
Total Coliform. For future research, it is recommended to investigate other factors that may influence
disinfection effectiveness, such as the water turbidity level, variations in UV-C lamp power, or
different exposure distances. This is essential to ascertain the consistency of the results under varying
water quality conditions and equipment configurations.
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