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Device for germicidal disinfection of drinking water
by using ultraviolet radiation

The results of the physical implementation of nonchemical methods of bactericidal water disinfection by UV
irradiation are presented. The necessary calculations dose inactivation of bacteria, depending on the size of
the camera exposure, the power of the radiation source and the irradiation time are carried out. On the basis of
theoretical calculations and experimental data the device for bactericidal inactivation of drinking water has
been proposed.
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Introduction

The method of ultraviolet disinfection of water is one of the physical, reagentless methods [1]. These
methods have a number of significant advantages over chemical reagent method [2—4], most of which is the
lack of changes in the composition and organoleptic properties (smell, taste). In cases of overdose the chemi-
cal reagent method also may have some negative effects. Ultraviolet radiation allows destroy viruses and
fungi which do not apply the traditional chemical methods, including chlorination [5].

Bactericidal effect of ultraviolet radiation acts on the wavelength range of 205-315 nm which leads to
photochemical damage of DNA [6]. Changes in the DNA of microorganisms accumulate and lead to a slow-
down in their breeding and subsequent extinction in the first and subsequent generations [7]. The most effec-
tive impact energy of UV radiation from germicidal perspective occurs at a wavelength of 253.7 nm [8].

Materials and methods

The main purpose of using new methods and technical approaches is to improve the bactericidal disin-
fection of drinking water. However, achieving this goal is accompanied, as a rule, by complexity of construc-
tion and increasing operating costs.

There are several examples of the well-known devices of similar function. For instance, [8] described a
device decontamination of aqueous media by treatment with ultraviolet radiation generated by the UV lamp.
The source of UV radiation is a vacuum ultraviolet lamp barrier discharge filled with xenon, which emits
monochromatic beam with a wavelength of 172 nm placed inside the reactor containing the inner and outer
electrodes which are connected to the power source. The described device can be used to purify water from
organic compounds. Disadvantages of this method include the following: when the vacuum ultraviolet barri-
er discharge lamp that emits monochromatic beam with a wavelength of 172 nm is used in the installation for
disinfecting, the bactericidal effect is very small, because the action spectra have a pronounced maximum at
wavelengths between 260 + 283 nanometers [9].

In [10] the effectiveness of bactericidal disinfection of water is achieved by simultaneous exposure to
ozone and ultrasonic waves. The use of ozone [7], however, leads to complication of the design and installa-
tion of additional costs for its maintenance. In addition, the design of the installation cannot create a signifi-
cant overpressure, which significantly limits its performance.

The purpose of the proposed technical solution is to simplify the design and reduce maintenance costs
while maintaining the efficiency of disinfection of water.

Results and discussion

In the known structures devices of productivity and the size of the Rays camera calculated by standard
methods [11, 12] using the experimentally determined volumetric dose to inactivate various types of micro-
organisms Hy. The disadvantage of this approach is that the volume dose H, depends on the geometry of

the camera for exposure and degree of mixing water during irradiation in laminar flow. The layers of water
that are closer to the UV lamp — the radiator will get «excessive» dose, and the layers of water are near the

chamber walls — not receive required dose (if there is a sufficient the average value /). To obtain the re-
quired dose of disinfection /H, the size of the camera for radiation (diameter and length) should provide the
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required minimum radiation E_, . Other areas will receive «excessive» exposure that only increases the reli-
ability of disinfection.
The required dose H (W-cm’) is achieved variation E . (W-m?®) or time t (s):

H N = E min L.
Effective time t (s) for residence of water in the installation is determined by the formula
v, V-V

a

'T3600.0 3600-0°
V' — cavity, capacity irradiated, m’; V, — the volume of the submerged part of the outer bulb of lamps, m’;
O — performance installation m’-h™'.

For installation in which the lamp is immersed in water and its length (see Fig.) is comparable to the
length of cavity that irradiated minimum irradiation £ (irradiation on a cylindrical surface of radius R?)
can be determined from the expression:

E. = E 1'R1
ST
E, — Irradiation on the surface of the radius R, (on the outer surface of the bulb lamp); R, — inner diame-

ter cavity that irradiated; & — attenuation of radiation passing through the water.
Time for acquiring the required dose H is:

t. = Hs'Rz 'e_k(Rl_Rz)
min ElRl
The minimum rate of water movement in cavity that irradiated is:
— [-E R
min —k(R—Ry) ?
H;-R,-e™™

[ — arc discharge of germicidal lamps.
Plant capacity for disinfection process is determined from the equation

RN Y
HS RZ
Under these conditions, even in the case of laminar flow (when layers of water do not mix), layers of water
that are far from the ultraviolet lamp, will receive the required dose for inactivation [13].
The proposed installation for bactericidal disinfection of drinking water (Fig.) is equipped with mercury

arc lamp which serves as irradiator. The lamp is a source of ultraviolet radiation, which has a detrimental
effect on bacteria, viruses and other microorganisms [14, 15].

14 (R} -R})

g B

Figure. The experimental setup for bactericidal disinfection of drinking water: 1 — the camera; 2 — lamp; 3 — upper
pipe; 4 — the top flange of the lamp; 5 — cap; 6 — blocks; 7 — flange with seal ring; 8 — wire; 9 — lower pipe;

10 — solid bottom flange; 11 — buffer stop; 12 — electromagnetic ballast; 13 — the indicator light;
14 — circuit breaker; 15 — plug with connecting wire and grounding wire
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Device for germicidal disinfection...

The installation consists of a cylindrical chamber 1, which has a germicidal lamp 2 placed in the cavity.
Water in the chamber is supplied through inlet 9, which is located at the bottom of the camera, and removal
sanitized water occurs through pipe 3. Lamp 2 is connected via 15 of the connecting plug wire and grounding
wire through the circuit breaker 14, an electromagnetic ballast 12, wires 8 and pads 6. Circuit breaker, elec-
tromagnetic ballast and LED lamp 13 are covered with plastic boxes attached to the frame. To control the
voltage on the lamp, there is an indicator LED [16].

Water disinfection is carried out during its flow through the chamber due to UV exposure. The control
panel consists of a motor-starting devices for lights and alarms when deviations from the desired mode. Dis-
infection can be accomplished within 2 minutes after starting the process (the time required for primary dis-
infection of the water in the chamber exposure).

Conclusions

The principle of operation of the device for germicidal disinfection of drinking water based on the fol-
lowing — E_, is calculated from the condition: H >100 s {

cm

As can be seen from the description of the installation, its design is safer, significantly more simple, and
requires no additional costs for maintenance, compared to known devices.

Based on the proposed technical solution the series of installations for bactericidal disinfection of drink-
ing water have been developed and successfully used by a number of companies in Ukraine. The ability to
pass water through the installations depends on the pressure of the water and can vary from 1,000 to 5,000
liters per hour. Actual performance of disinfection process depends on the concentration and type of harmful
microorganisms, the desired degree of disinfection and water transparency, and can be determined empirical-
ly by the results of microbiological analysis of water.
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YabTpakyJIrin cdyje KemMeriMeH aybi3 CyAbl 0aKTePUIIUIATI
3aJ1AJICHI3AAHABIPY KYPBLIFBICHI

Makanana yIbTPaKkyJriH CoyJde KOMEeriMeH aybl3 Cyabl OaKTEpHLHITI 3aJachl3IaHIbIPYIbl JKYy3ere
aCBIPBUIFAH/IBIFBI TYpalbl AepekTep OepiireH. bakrepusiapiblH yakbITIIA TEXKEIYiHIH COyJEHIH KyaTbIHa,
9Cep €Ty Y3aKThIFbIHA JKOHE COyJIe 9cep €TETiH OpTaHBbIH KOJEMiHE TOYeNIUIri ecenTeyred. Teopus »xoHe
TOKIpUOe KY3iHAE KYPri3UIreH 3epTTeyiIepIiH AepeKTepiHe CYHeHil, aybl3 CyAbl OaKTepHLUATI Ta3apTyra
MYMKIHZiK O€PEeTiH KYPbUIFbI YChIHBUIFaH.
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YcrpoiicTBO 0aKTepUIMIHOI0 00€e33apaKuBAHUS MUTHEBOIl BOJbI
yJAbTPaduoeToOBbIM H3TyUeHUEM

B paGote mpencraBieHbl pe3yibTaThl BHEAPEHHS (QU3MYECKOro 0e3peareHTHOro MeToJa OaKTepUIMIHOrO
obe33apaxxuBaHus BOJbI YIbTpaduoNeToBbIM 00my4eHneM. IIpoBeneHsl He0OXOAUMBIC PAaCUEThl 103bl HHAK-
THBAIMM OaKTepHil B 3aBHCHMOCTH OT Pa3MepoB KaMephl OOJy4eHHs, MOIIHOCTH HCTOYHHKA M3ITydeHHs U
BpeMeHH oOydenus. Ha ocHOBe POBEEHHBIX TEOPETHIECKHX U SKCIIEPUMEHTAIBHEIX pacdeTOB IPeUIoxkKe-
HO YCTPOMCTBO OaKTEePHIUIHOTO 00e33apakKNBaHMUS TUTHEBOH BOMBL
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