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Design and development of automatic village water disinfection system
using ultraviolet radiation
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Most village water supply systems in the country continue to face problems related to microbial contamination,
resulting in water quality that does not meet the potable water standards set by the Department of Health. This
research was conducted with the objective of designing and developing an automatic Ultraviolet radiation (UV)
disinfection system for village water supply at the laboratory scale. It also aims to contribute knowledge that
can be further developed for replacing chlorine solutions traditionally used for disinfection in rural water supply
systems. The design emphasizes simplicity, high efficiency, low cost, and safety. The research methodology
involved problem analysis, design, construction and development, laboratory testing, and microbiological
water quality assessment. The results of the study indicated that the design and development of the automatic
UV disinfection system, using a low-pressure mercury UV lamp with a power of 18 watts, produced UV irradiance
(E.,) calculated by the Keitz formula at 27.6 milliwatts per square centimeter (mW/cm?). With an exposure time
of 1 second, the UV dose reached 27.6 milliwatt-seconds per square centimeter (mW-s/cm?2), which is higher
than the dose required to reduce E. coli and most pathogens by 99% (2-log or D). Laboratory testing of the
developed system revealed that, when treating settled raw water with a turbidity of 1.37 NTU and pH of 6.7,
UV exposure of more than 5 minutes resulted in no detectable coliform bacteria in the water samples. Therefore,
this system can be scaled up through design and calculation of the appropriate UV dose relative to water
volume, flow rate, and raw water quality for use in village water supply systems. The system can be installed
at elevated water tanks prior to distribution, helping reduce microbial contamination and enabling water to

meet potable standards as defined by the Department of Health.
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A197199 1 Log reduction waasliunannudussdsansleanfiannsarinaedalsa [6]

Log reduction Reduction factor %Reduced
1 10 90%
2 100 99%
& 1,000 99.9%
4 10,000 99.99%
5 100,000 99.999%
6 1,000,000 99.9999%

o a o

= 5,
A12799 2 LaASLTNANNLTN

NAART

Ilawmnannsanianemalsals [7]

Micro-organisms

Dosage of Ultraviolet radiation (UV dose) in mWesc / cm?” needed to kill the selected

micro-organisms

Bacteria 90% (1 log reduction) 99% (2 log reduction)
Bacillus subtilis 5.8 11
Escherichia coli 3 6.6
Pseudomonas aeruginosa 55 10.5
Pseudomonas fluorescens 3. 6.6
Salmonella enteritdis 4 7.6
Salmonella paratyphi - Enteric fever 3.2 6.1
Salmonella typhosa - Typhoid fever 2.1 4.1
Salmonella typhilmurium 8 15.2
Sarcina lutea 19.7 26.4
Shigella dysenteriae - Dysentery 2.2 4.2
Shigella flexneri - Dysentery 1.7 3.4
Shigella paradysenteriae 1.68 3.4
Staphylococcus aerus 2.6 6.6
Vibrio comma - Cholera 3.4 6.5
Virus 90% (1 log reduction) 99% (2 log reduction)
Bacteriophage - E.coli 2.6 6.6
Infectious Hepatitis 5.8 8
Poliovirus - Poliomyelitis 15 6.6
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