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Introduction. Disinfection of sweat water is one of the main factors of the epidemiological well-being of the popula-
tion. The classic and most common method of water purification is the use of chemicals. But this method has a 
whole effect on chemicals, in particular, on chemicals that can cause health problems, in particular, when chlorine 
compounds are used as a negative disinfecting agent. In addition, during military operations or man-made disasters, 
there is a need for individual means of water disinfection. This method, an alternative to the classical method, is the 
use of ultraviolet radiation for water disinfection. Today, during infectious industrial disinfection at city water treat-
ment plants, UV radiation is used in combination with chemical and other physical methods of disinfection of drin
king water. But today, low-pressure UV lamps work there, which additionally creates a large amount of ozone. For 
individual use, even in conditions where the power supply is limited or absent, this is unacceptable. Therefore, in the 
context of compactness and energy saving, it is effective to use LED lamps, which have an undeniable advantage over 
old UV lamps, especially low-pressure mercury lamps. In our review of the features of the work of LEDs, in particu-
lar, the bactericidal effect at different wavelengths, the time of their effective use. At the same time, one of the main 
factors affecting the use of UV LEDs is the possibility of creating monochrome sources of ultraviolet radiation and 
very low energy consumption, which allows you to create a compact device specifically for individual use. Thus, it is 
possible to obtain a program that will be effective for disinfecting sweat water without the use of chemicals or boiling.
The aim of the research is to analyze literature data and determine ways to improve the method of using UV 
radiation for drinking water disinfection.
Materials and methods of the research. Analytical review of scientific publications was carried out using sciento-
metric databases SCOPUS, Web of Science, Index Copernicus International Google Scholar CrossRef and 
others, periodicals and publications.
Results. The advantages and disadvantages of the main methods of drinking water purification are considered and 
summarized, depending on their effectiveness, convenience, and the presence of side effects for human health. 
Modern ultraviolet LEDs have been found to be a promising alternative for water disinfection due to many advan-
tages over traditional means and methods. Their use opens up the possibilities of using various wavelengths, opening 
angles and innovative designs. The unique characteristics of UV LEDs, including multiple wavelengths and pulsed 
illumination, can increase disinfection efficiency not only under optimal conditions, but also when used in the field, 
during combat operations, or in emergency situations where the normal water supply is disrupted.
Conclusions. Today, in the conditions of the Russian war against Ukraine, there is an urgent need to develop a 
portable device for disinfecting drinking water in the field, during hostilities, or in emergency situations (natural 
disasters, man-made accidents and disasters, etc.), to provide military personnel or civilians population with 
drinking water without the risk of infectious diseases transmitted by the fecal-oral route. A promising direction 
of water disinfection may be the development of methods and devices using portable energy-saving sources of UV 
radiation based on LED technologies.

Key words: ultraviolet radiation, drinking water disinfection, microorganisms, UV lamps, UV LED monochrome 
source
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Availability of access to clean drinking water has 

always been one of the cornerstones of protecting a 

population from infectious diseases. Infections 

transmitted through water have always been one of 

the greatest dangers to people's health. Outbreaks 

of dysentery (bacterial and amoeboid), cholera, 

rotavirus infection, and other equally dangerous 

diseases continue to haunt humanity in the 21st 

century [1]. The key factor in all these troubles is 

water.

In Ukraine, the problem of clean drinking water, 

at the moment, is also very relevant in connection 

with the beginning of the Russian invasion of 

Ukraine. In a war zone, in the absence of electricity 

or in the field, the availability of clean drinking 

water is a key factor. This item is especially very 

important for the military. So, boiling water is the 

best procedure for its disinfection. Іn the conditions 

of combat operations, when the action group is in 

the enemy line, it is not always possible to use fire. 

The using of special chemical tablets for water 

purification is also an effective tool. However, the 

effect of the vast majority of these tablets is based 

on the use of chlorine. Therefore, disinfection is 

effective, but the water becomes extremely satu-

rated with chemicals.

The method of using special chemical tablets for 

water disinfection is one of the most common 

methods of water supply. Chlorine and its deriva-

tives can destroy bacteria and viruses in water, 

which makes this method effective enough. At the 

same time, the correct calculation of the chlorine 

dose is very important to achieve the maximum 

efficiency of disinfection. Water chlorination also 

has a number of disadvantages. The risk of the for-

mation of carcinogenic substances is the main 

disadvantage. In addition, chlorine and its deriva-

tives can affect the functioning of the gastrointesti-

nal tract, liver and cardiovascular system.

Thus, water chlorination is an effective method 

of water purification, but it has many disadvantag-

es. The choice of water purification method should 

be based on specific conditions and needs, as well 

as on the absence of negative consequences for 

human health and the environment.

The use of ultraviolet radiation is a good alterna-

tive to the water purification methods listed above. 

Now UV radiation is widely used as a disinfection 

method for cleaning drinking water. This method 

became very popular in the 1990s when it was found 

that water containing Cryptosporidium parvum 

and Giardia lamblia could be disinfected using UV 

radiation [2]. These are simpler organisms that 

cause cryptosporidiosis and giardiasis. As we noted 

above, unlike other disinfection methods such as 

chlorination or ozonation, UV irradiation does not 

require the addition of chemicals and produces a 

negligible amount of disinfection by-products [3]. 

Different bacteria have different sensitivity to ultra-

violet radiation. For example: a 4 – log10 reduction 

of an isolate of Mycobacterium avium grown in the 

environment requires a dose of 128 J/m2 at a wave

length of 254 nm [4], while the same reduction of an 

isolate of Escherichia coli requires a dose of  

81 J/m2  [5]. In addition, the effectiveness of UV 

radiation, and the dose required for disinfection is 

affected by the suspended particles contained in the 

water. They can absorb and scatter ultraviolet light. 

Therefore, a mandatory condition for the use of UV 

radiation for water disinfection is its preliminary 

filtration from foreign impurities [6, 7]. An addi-

tional factor the advantage of UV irradiation over 

chemical agents is the lack of resistance of bacteria 

to ultraviolet [8].

In 2000, systems of UV irradiation of water for 

the purpose of disinfection began their active 

development. In particular, they started to be 

actively used at large urban purification stations 
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[9]. Small household UV disinfection systems 

have also become available [10]. The main sourc-

es of ultraviolet radiation for water disinfection 

systems are mercury lamps of low or medium 

pressure [11]. However, the use of lamps of this 

type raises many questions and concerns. First, 

such lamps are fragile and contain toxic mercury, 

which is dangerous for the environment and 

requires appropriate disposal [12]. In addition, 

these lamps are energy-consuming, with low effi-

ciency. And they have a short service life, approxi-

mately 10,000 hours [13, 14].

Recently, the development and improvement of 

modern technologies, monochrome sources of UV 

radiation based on light-emitting diodes (LEDs) 

are a good alternative to the use of mercury lamps. 

In terms of their power and functionality, they 

occupy an intermediate position between bacteri-

cidal lamps and sources of preventive UV radiation. 

A light-emitting diode (LED) is a semiconductor 

device that emits light in a narrow spectrum pro-

duced by electroluminescence. The wavelength of 

the radiation depends on the semiconductor mate-

rials. Commercial visible light-emitting diodes 

have been available for almost 50 years and have a 

variety of applications, especially in the lighting 

industry, due to their increasingly high efficiency 

and low cost [15].

Conventional UV lamps, such as mercury lamps, 

operate at high voltage. Currently, due to the high 

demand for energy and the toxicity of mercury, 

other sources of UV radiation are of greater inte

rest.

AlGaN and AlN crystals are materials for short-

wave (200–280 nm) UV LEDs. These LEDs do 

not contain toxic substances (such as mercury) and 

use less energy than traditional UV sources, 

because LEDs transfer more energy to light and 

use less energy as heat. In addition, UV LEDs are 

difficult to break, emitting only the required wave-

length (eg 260 nm). The use of UV LEDs for water 

purification is a fairly new method, as UV LEDs 

with fairly short wavelengths have only recently 

become available. LEDs that emit radiation with 

wavelengths even up to 210 nm have been devel-

oped [16].

Biological effects of different length waves in LED 

UV emitters

The bactericidal efficiency of UV radiation strongly 

depends on its wavelength and dose. At the same 

time, the sensitivity of microorganisms does not 

necessarily correspond to the absorption spectrum 

of DNA [17, 18]. Thus, the wavelength of UV 

radiation is an important factor for disinfection. 

However, its effectiveness may differ depending on 

the type of microorganism [19, 20]. Different wave-

lengths in the range of 315–400 nm (UVA), 

280–315 nm (UVB) and < 280 nm (UVC) are 

used to inactivate microorganisms with UV LEDs. 

Table 1 shows data on the effect of different wave-

lengths on the effectiveness of bactericidal action; 

data taken from published sources [21].

The bactericidal action protocol for UV mercury 

lamps has been long ago developed and standard-

ized, all the obtained results can be easily com-

pared [33, 34]. At the same time, these protocols 

should not be used to evaluate ultraviolet LED 

emitters, because they have significant differences 

from mercury lamps. In particular, the output 

power of UVC-LEDs is currently only a few Watts, 

which is much less than that of low-pressure mer-

cury UV lamps (typically 40 Watts) or high power 

medium pressure mercury lamps (up to 30 kW).

As a result, UV LEDs must be located directly 

next to or in the water where disinfection is to 

occur. It is important to consider that one LED is a 

point source and creates radiation in the form of a 
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Wave le length, 
nm Microorganism Disinfection 

medium
Dose UV, 
mJ/cm2

Log10  
inactivation

Dose response, 
mJ/cm2 per 

log10 
inactivation

Sources

250 B. subtilis water 59.2 3 19.7 [22]

254 Mesophilic 
bacteria water 0.73 0.8 1.0 [23]

255 φX174 water 6.4 3.7 1.7 [24]
255 Qβ water 30 2.4 12.5 [24]
255 MS2 water 41 3.2 12.8 [24]
255 MS2 water 60 2.3 26.1 [25]
255 T7 water 20 3.9 5.1 [25]
255 E. coli water 9 2.7 3.3 [25]
265 E. coli water 20 3.4 5.9 [26]
265 E. coli water 10.8 4 2.7 [27]

265 Pseudomonas  
aeruginosa

biofilm  
in vitro 7.8 4 2.0 [28]

269 B. subtilis water 40 5.9 6.8 [29]
275 MS2 water 60 2.1 28.6 [25]
275 T7 water 20 4.7 4.3 [25]
275 E. coli water 9 3.8 2.4 [25]
280 E. coli water 13.8 4 3.5 [27]

280 Mesophilic 
bacteria water 1.37 1.4 1.0 [23]

280 φX174 water 8.9 3.2 2.8 [24]
280 Qβ water 43 1.5 28.7 [24]
280 MS2 water 58 1.9 30.5 [24]
282 B. subtilis water 60 7.2 8.3 [29]
310 E. coli water 56.9 0.6 94.8 [27]
365 E. coli water 315 000 5.7 55.263 [30]
365 E. coli water 54 000 3.9 13.846 [31]
365 E. coli water /TiO2 688 3 229 [32]

365 Mesophilic 
bacteria water 4.22 0.3 12.5 [23]

405 Mesophilic 
bacteria water 25.58 0.3 88.0 [23]

254/365 Mesophilic 
bacteria water 4.95 2.4 2.1 [23]

280/365 Mesophilic 
bacteria water 5.59 3.5 1.6 [23]

254/405 Mesophilic 
bacteria water 26.31 2.2 11.9 [23]

280/405 Mesophilic 
bacteria water 26.95 3.5 7.7 [23]

Table 1
Summary data on the bactericidal effect of different wavelengths of UV LEDs 
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hemisphere. As a result, there is no uniform irra-

diation on the surface of the water sample, which 

leads to complications in the accurate determina-

tion of the ultraviolet dose. In addition, the power of 

UV LEDs can be significantly affected by the ope

rating parameters of currents and voltages, as well 

as the temperature during operation. Therefore, 

there is a need to develop a standardized protocol 

for studying the bactericidal effect of ultraviolet 

LED emitters, especially for the accurate determi-

nation of the ultraviolet radiation dose and the 

proper operation of the system.

In addition, studies on the bactericidal effect of 

the combination of UVA and UVC LED emitters 

are interesting. Some researchers, as can be seen 

from Table 1, show greater effectiveness of such 

combinations, others, on the contrary, do not con-

firm synergistic action. Moreover, they found that 

the combined wavelengths were less effective than 

each wavelength applied separately, which could be 

a consequence of different test microorganisms and 

wavelength combinations, as well as inefficient 

thermal management of the experimental setup 

[26, 27]. These studies show that the combination 

of certain wavelengths can be a serious way to 

improve the disinfection efficiency of UV LEDs.

The ability to turn on and off with a high fre-

quency is another unique feature of UV LEDs, 

allowing pulsed UV light to be controlled. This 

feature makes UV LEDs desirable for potentially 

increasing the inactivation efficiency by pulsed irra-

diation. There are data on enhancing the bacteri-

cidal effects of pulsed UV-LED irradiation by using 

UVA-LED light at 365  nm for the inactivation of 

Candida albicans and E. coli biofilms [35]. They 

found that pulsed irradiation had significantly 

greater bactericidal capacity than continuous irra-

diation with a maximum frequency of 100 Hz and 

75 % duty time (percentage of exposure time to 

total duty time) for the same UV dose. The use of 

pulsed UV light using UV243 LEDs at 272 nm 

wavelength to disinfect E. coli on agar plates has 

been shown to be more effective than continuous 

light. The log of inactivation for pulsed UV radia-

tion at 272 nm with the frequency of 1 Hz and 

10  % duty factor was 3.8 times higher than for 

continuous irradiation based on the same UV dose, 

indicating a high efficiency of pulsed UV radiation 

[36].

Time needed for disinfection

Table 2 shows the data of various researchers on 

the time of inactivation of microorganisms using 

UV LEDs. The time of exposure to ultraviolet 

radiation was from 30 seconds to 2 hours [21].

Today, the main methods of water disinfection 

using UV radiation are external irradiation of water 

in tanks/pools or irradiation of water in special 

tanks that are inserted into the supply system and 

where several lamps are located directly immersed 

in the water. Figure  shows an illustrative diagram 

of such a system.

Accordingly, research on water disinfection 

using ultraviolet LEDs is very relevant. UV LEDs 

are a promising alternative to traditional UV mer-

cury lamps [44], but more research is needed to 

better understand the application of UV LEDs for 

water disinfection. In addition, some unique fea-

tures of UV LEDs, such as wavelength diversity 

and pulsed illumination, must be studied and 

understood, as well as their effect on the inactiva-

tion of microorganisms.

Given that UV LEDs are compact and emission 

parameters such as emission wavelength, opening 

angle, and radiation distribution can be tuned, they 

can increase the variety of design solutions to opti-

mize radiation flow and its distribution, as well as 

source geometry and process kinetics [45].
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Thus, it is possible to summarize the advantages 

and disadvantages of the various main methods of 

drinking water disinfection (Table 3).

Thus, the main methods of decontamination of 

drinking water using physical factors and chlorina-

tion have both certain advantages and disadvan-

tages, which is the basis for their use in certain 

conditions. But still, the use of LED sources of UV 

radiation looks quite attractive from the point of 

view of mobility and convenience of technology, 

absence of secondary water pollution, and energy 

saving.

ISSN 2223-6775 (Print), 2663-9734 (Online),  2786-7897 (Online), Ukrainian Journal of Occupational Health, 2023, 19 (2), 151–160

Wave le length, 
nm Microorganism Disinfection  

medium
Duration  

of exposure
Log10  

inactivation Sources

254 E. coli water 30 s 3.5 [37]

260 E. coli water  50 min 2.5 [38]

269 E. coli water 5 min 3–4 [20]

276 E. coli water  5 min 3–4 [20]

280 E. coli water 30 s 7 [37]

365 E. coli water  30 s 2.7 [37]

365 (impulse) E. coli biofilm 1 min 3 [39]

365 (impulse) Candida albicans biofilm 1 min 3 [39]

365 Vibrio  
parahaemolyticus water 6 min 1 [40]

375 E. coli biofilm 2 hr 2 [41]

375 Streptococcus 
mutans water 15 min 4 [42]

405 E. coli water  30 s 3.3 [37]

254/365 E. coli water 30 s 7 [37]

280/365 E. coli water 30 s 7 [37]

280/405 E. coli water  30 s 7 [37]

Table 2
Data on the time required for water disinfection using UV LEDs

 Figure. Ultraviolet filter for water [43]
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Basic methods of  water 
disinfection Advantages Disadvantages

Chemical 

Chlorination
High efficiency of chlorine in 
relation to 99 % of 
microorganisms;
long after-effect

The need for accurate dosing;
high toxicity of the main reagent and its 
derivatives

Ozonization

High efficiency in relation to 
microorganisms;
absence of secondary 
interaction products;
removes foreign tastes and 
odors

Requires expensive equipment;
increased requirements for safety 
equipment and personnel training;
the impact of ozone on the body is 
generally toxic, irritating, carcinogenic 
and mutagenic, and can also lead to 
premature death

Complex organic 
compounds use

High efficiency against 
microorganisms, in particular – 
destruction of biofilms;
absence of unpleasant odors;
convenient form for 
transportation and storage

The need for accurate dosing;
insufficiently studied impact on the 
human body;
the need to remove excess reagent from 
drinking water

Physical

Boiling

Ease of performance;
no need for additional 
equipment;
effective against most 
pathogenic microorganisms;
in addition to disinfection, the 
level of hardness and turbidity 
decreases

Significant increase  in energy 
consumption with an increase in the 
volume of water;
long duration;
the possibility of secondary pollution;
the need for a heat/fire source

UV treatment

LED lamps The method is easy to use;
does not require bulky equipment;
there is no need for constant dosing of 
reagents;
does not introduce secondary pollution 
into the water, unlike disinfection with 
reagents;
low energy consumption;
compactness

Mercury lamps The method is easy to use;
there is no need for constant dosing of 
reagents;
does not introduce secondary pollution 
into the water, unlike disinfection with 
reagents

Table 3
Advantages and disadvantages of basic methods of drinking water disinfection
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Conclusions

1.	 Modern and energy-saving UV LEDs are a 

promising alternative for water disinfection due 

to many advantages over traditional mercury 

lamps of low pressure. This opens up the possi-

bilities of using various wavelengths, opening 

angles and innovative designs. 

2.	 The unique characteristics of UV LEDs, inclu

ding multiple wavelengths and pulsed illumina-

tion, can significantly increase inactivation effi-

ciency beyond optimal conditions. However, for a 

more effective use of UV LEDs, it is necessary to 

further investigate the factors and mechanisms 

of their influence on microorganisms. The fea-

tures of UV LEDs as point sources of UV radia-

tion with an adjustable directional pattern pro-

vide great flexibility for new designs. 

3.	 The design of new UV LED sources for water 

disinfection must consider three points: media 

hydrodynamics, radiation distribution, and kine

tics of processes. Each of these phenomena can 

be realized with a greater degree of freedom, due 

to the use of UV LEDs as a source of radiation 

compared to UV mercury lamps.
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