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Low-temperature ozone sterilizer based on reactor with electrolytic cell for processing small-sized surgical and
dental instruments has been developed. The maximal ozone concentration in water comprised 7.5 mg/l during
10 min of operation. It was revealed that the highest ozone concentration was achieved in 400 ml water volume.
When increasing the volume to 600 ml, the ozone concentration in water was minimal. The method of neutralizing
of alkaline solution from the surface of medical instruments was investigated. Samples for elimination of alkaline
solution were processed in 1 % alcohol solution of phenolphthalein. It has been monitored that the time required to
remove alkaline solution from the surface of medical instruments is not less than 20 min. The carried out
experiments on removal of organic residues (blood) from medical instruments showed that the traces of blood were
not presented on the surface after 10-min treatment (the "Delatest™ test system was used to determine the number of
blood traces).

PACS: 52.80.Hc, 41.75.Lx, 41.60.Bq
INTRODUCTION

Ozone has long been recognized as a useful
chemical product, valuable, in particular, for its
outstanding oxidative activity, bactericidal and
antimicrobial properties. Due to this activity, it finds
wide application in the processes of disinfection and
sterilization. In fact, it kills bacteria faster than chlorine
decomposing organic molecules. Ozonation can remove
cyanides, phenols, iron, manganese and detergents and
can destroy various viruses.

With the help of ozone sterilization, an effective
control against pathogenic flora is provided, including
the causative agents of especially dangerous infections:
Pseudomonas Aeruginosa, Staphylococcus, Influenza
virus, Hepatitis B, Tuberculosis, Klebsiella, etc. [1].

Ozone sterilization is quick and effective and in
some cases, the exposure time can be measured in
seconds. If the ozone concentration is insufficient, the
exposure time increases up to 1...2 hours without
affecting the quality of sterilization.

In terms of sterilization quality and technical
characteristics, the ozone sterilizer is superior to
ultraviolet sterilizers and steam autoclaves, liquid and
gas sterilization. The bactericidal ozone effect within 3
to 5 min is analogous to the effect of quartz irradiation
for an hour.

Sterilization with ozone is characterized by low
temperature (room temperature) during the sterilization
cycle, low energy consumption, it does not require
chemicals to be recycled, does not require product
washing or aeration after the sterilization cycle. Ozone
is converted into oxygen, after the end of the
sterilization cycle.

The modern method of obtaining ozone is carried
out by means of a dielectric barrier discharge with the
use of dry air or dry oxygen as initial gas. Ozone
produced by these generators is perfectly suited for
wastewater treatment, drinking water purification, etc.,
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but has limitations when working with disinfection and
sterilization systems [2-5].

The innovative and efficient way to produce ozone
presented in this paper is to use an electrolytic ozone
generator that divides water into basic elements and
then converts some of the released oxygen into ozone.

1. EXPERIMENTAL SETUP

Ozone sterilizer with a capacity of 1 | is designed for
low-temperature  ozone  sterilization of medical
instruments (surgical, dental, plastic products, silicone,
and glass). The sterilization vessel is made of stainless
steel. The chamber is sealed with a lid (10 mm thick
acrylic glass), which has an ozone resistant isolation.
The general view of the device is shown in Fig. 1.

Fig. 1. General view of the sterilizer with electrolytic
cell
As an ozone generator, an electrolytic ozone
generator type as PEM-800 is used. This electrolytic
system is a fundamentally different method of water
dissociation because a solid polymer membrane is used
as an electrolyte instead of a liquid — this feature,
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combined with an appropriate controlled intermediate
anode reaction, makes it particularly suitable for
disinfection and sterilization of water. Ozone dissolves
in water as soon as it forms — this leads to sterilization
with a minimum amount of equipment.

The membrane, which functions as an electrolyte
and a separator between the anode and the cathode,
contacts on both sides with activated porous electrodes.
As a result of the action of direct current, the water
supplied to the anode side of the cell dissociates at the
interface between the anode and the membrane [3].

F

Fig. 2. Block diagram of measurement of ozone
concentration in the sterilizer: 1 — sterilization
chamber; 2 — water pump for circulation through the
monochromator system; 3 — PMT; 4 — MDR-2;

5 — optical system with two quartz cells; 6 — UV source
mercury lamp; 7 — PC

The compressor, which is part of the sterilizer, is
necessary to neutralize ozone in the sterilization vessel
after the sterilization process is completed. Excess
portions of ozone pass into the destructor, where they
decompose to oxygen and exit into the atmosphere. The
concentration of ozone in the sterilization vessel was
determined on an automated stand using the MDR-2
monochromator (LOMO, Russia) and the photoelectric
multiplier (PMT). The scheme for measuring the ozone
concentration in the sterilizer is shown in Fig. 2.

2. RESULTS AND DISCUSSION

The experiments carried out have shown that the
highest ozone concentration in water in the sterilization
bath was achieved in a water volume of 400 ml. When
increasing the volume to 600ml, the ozone
concentration in water had a minimum value (Fig. 3).
For 300 ml water volume, the ozone concentration at the
initial moment increases faster, and then the ozone
concentration rate tends to decrease. We speculate that
this is due to the heating of water in the sterilization
volume, which impairs the ozone solubility. The
dependence of the water heating temperature on the
water volume is shown in Fig. 4.

The rate of ozone decomposition in water was
estimated using the half-life term, i.e. the time during
which the ozone concentration is halved. After reaching
the operating mode, in which the ozone concentration
reached a maximum value and was constant, the power
of the electrolytic cell was turned off (Fig. 5).
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The method of neutralizing an alkaline solution on
the surface of medical instruments was investigated [4].
Samples for elimination of alkaline solution were

carried out with a 1% alcohol solution of
phenolphthalein.
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Fig. 3. Dependence of ozone concentration in water on
time at different water volumes
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Fig. 5. Growth rate and ozone half-life

In our case, a change in color of the solution
indicates the quality of the treatment. It has been
established that the time required for removal of
alkaline solution from the surface of the instrument is
not less than 20 min.

Fig. 6 shows the visual change in color of the
alkaline solution during ozonation.
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Fig. 6. Change in color of the alkaline solution during
sterilization

The experiments have been carried out to eliminate
organic residues (blood) from the surface of a medical
instrument showed that the blood traces were not
presented on the surface after 10-min treatment (the
"Delatest” test system was used to determine the
number of blood traces).

CONCLUSIONS

1. Low-temperature ozone sterilizer based on reactor
with electrolytic cell for processing of small-sized
surgical and dental instruments has been developed.
Studies have shown that the highest 0zone concentration
in water in the sterilization bath was achieved at 400 ml.
When increasing the volume of water to 600 ml, the
0zone concentration is minimal.

eliminate organic residues (blood) from a medical
instrument showed that the traces of blood were not
presented on the surface of the instrument after a 10-
min treatment (the "Delatest” test system was used to
determine the number of blood traces).
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[IpencraBneH HU3KOTEMIIEPATYPHBIH O30HOBBIM CTEPWIIM3ATOP HA OCHOBE PEAKTOpa C 3SJIEKTPOJUTHUECKON
A4eHKoi 11 00pabOTKM ManorabapuUTHBIX XUPYPIHYECKUX M CTOMATOJOTHYECKHX WHCTPYMEHTOB. MakcHUMaibHas
KOHIIEHTpPAIMs 030HA B BoZe cocTaBisuia 7,5 mr/i B Tedenue 10 muH. [IpoBeneHHble Mccae0BaHNs MTOKA3aIH, YTO
HanOOoJbIIAs KOHIIEHTpaXs 030HA B BOAE B €MKOCTH Ul CTEPWIIM3AIMU JocTUraercs nmpu oobeme Boasl 400 M
IIpn yBenmmuenun oObema Boabl 10 600 MJI KOHIIEHTpalWs O30Ha B BOJE HMMEET MHHHUMAJIbHOE 3HAuCHHE.
HccnenoBan MeTo1 HEHTpaIM3aliy IEJIOYHOTO PACTBOPA C TIOBEPXHOCTH MEIUIMHCKOro MHCTpyMeHTa. O0pasisl
JUIS  yOAJCHUS IIEJIOYHOrO pactBopa oOpabathiBamu 1 %-HbIM CHHPTOBBIM pPacTBOpOM  (heHoJ(TaIcHHa.
YcTaHOBNIEHO, YTO JUIsl yJaJeHUs! LEJI0YHOTO PAacTBOpa ¢ MOBEPXHOCTH WHCTPYMEHTA C IMOMOIILIO 030HHUPOBAHUS
Tpebyetcs Bpems He MeHee 20 MuH. IIpoBe/IeHHbIE SKCIEPUMEHTSHI 110 YAAJICHHUIO OPIraHHYECKUX OCTaTKOB (KPOBH) C
TMOBEPXHOCTU MCIAUIMHCKOIO MHCTPYMECHTA IMOKa3ajir, 4TO CJICIbl KPOBU HE ObLIH O6Hapy)KeHI)I Ha TMOBEPXHOCTHU
UMHCTpyMeHTa mocie 10-mMuH 00paboTKM (A7si TECTHPOBaHHS CIIEOB KPOBH HCIOJIb30BAIACH TECT-CHCTEMA
«/enarecty).

HU3bKOTEMIIEPATYPHUI O30HOBHI CTEPUJIIZATOP 3 PEAKTOPOM HA OCHOBI
EJIEKTPOJITUYHOI'O EJIEMEHTY

A.C. Jlo3ina, B.C. Tapan, B.B. Kpacnuii, A.B. 'T apan, O.I'. Yeuenvnuywvkuii, 10.11. I'nioenko

[IpencraBneHnit HU3BKOTEMIIEPATypHHUH O30HOBHH CTepuimizaTop Ha 0a3i peakTopa 3 eNEKTPOJITHIHUM
eIeMEHTOM U1 OOpoOKM MayorabapuTHUX XIPYpriYHHX Ta CTOMATOJOTIYHMX IHCTPYMEHTiB. MakcuManbHa
KOHIIGHTpAIlil O30HY y BoXi cTaHoBmwia 7,5 mr/m mpotsrom 10 xB. IIpoBemeHi DOCHIIKEHHS MOKa3aiy, IO
HalOUIbIIa KOHIIEHTpAllis 030HY Y BOJI B €MHOCTI JUIs cTepuiizamii nocsraeteest pu o6csi3i Boxu 400 mut. Ilpu
30inbIIeHHi 00csTy Boau 10 600 MJI KOHLIEHTpALlisl 030HY Y BOJI Ma€ MiHIMaJIbHE 3HaueHHs. JociiKyBaBCcst METO
HeWTpaizallii JIy>)KHOTO PO34YMHY Ha MOBEPXHI MEIMYHOTO IHCTpyMeHTY. IIpoOu Ha yCyHEHHS JIyKHOTO PO3UHHY
npoBoawMcs 3a jgornoMoroto 1 %-ro crnmproBoro po3umHy QeHondraneiny. BceraHoBieHO, 1m0 AN yCYHEHHS
JTy’>KHOTO PO3UYMHY 3 IOBEPXHI IHCTPYMEHTY 3a JIOTIOMOTOI0 030HYBaHHS HeoOxiqHo He meHme 20 xB. IIposeneHi
eKCIIEpUMEHTH 3 YCYHEHHS OpPTraHiYHUX 3JIMIIKIB (KPOB) 3 MEAWYHOTO iHCTPYMEHTY IOKAa3alH, IO CIiAW KPOBi HE
Oynu mpejacTaBlieHi Ha MOBEPXHI iHCTpyMeHTY micist 10-XBUIMHHOT 0OpOOKM (711 BU3HAYEHHS KUIBKOCTI CITiJIiB
KPOBi BUKOPHCTaHA TECTOBA cucTeMa «JlemarecTy).
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