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In the article, the specially designed devices for pre-sterilization treatment of laparoscopic, endoscopic and other
long-length surgical equipment from organic compounds (blood and alkali) in ultrasonic tank-container with ozone
has been proposed. The first device was equipped with a bath (up to 30 I), ten ultrasonic emitters with a total power
300 W, and four modular ozone generators based on dielectric barrier discharges. The second device equipped with
3.5 liter volume bath was also designed having a glass pipe 1 meter long, 8 cm in diameter with one ozone module
and immersion ultrasonic emitter. During treatment, the ozonized water was injected both into the internal and
external surfaces of endoscopes. The output ozone concentration reached 30 mg/l with dry air flow rate 0.3 I/min.

Phenolphthalein test and "Delatest" solution method determined the remains of alkali and blood, respectively.

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

INTRODUCTION

Nowadays, low-temperature disinfection and
sterilization of complex-shaped medical equipment are
being intensively investigated. It is well known that
ozone technologies are the most promising one for low-
temperature sterilization instead of ethylene oxide
(EtO), hydrogen peroxide (H,O,) or other liquid
chemical sterilization methods [1-3]. Sterilizers based
on combined action of ozone and ultrasound is a key
solution to complete elimination of various pollutants
[4-8]. It should be noted that effectiveness of
sterilization of medical equipment depends on the
cleanness of the initial surfaces being treated. The
necessary steps to prepare medical instruments include
disinfection, pre-sterilization treatment and the
following sterilization itself. The pre-sterilization step is
intended to eliminate fat, alkali, blood and mechanical
pollutants from the surface. Such pollutants form a so-
called “protecting film” around microorganisms
decreasing the influence of either thermo or chemical
sterilization. This problem can be solved by using ozone
and ultrasonic bath in combination with disinfecting
solution applied for pre-sterilization. Ultrasonic waves
spreading in agueous medium saturated with high ozone
concentrations initiate various physical phenomena:
acoustic ~ waves,  cavitations,  decontamination,
sonoluminescence, etc. The main factors influencing
effective cleaning are acoustic waves and cavitations.
Special attention is paid to the method where the pre-
sterilization is combined with disinfection in one
process.

In the present activity, the devices for pre-
sterilization treatment of medical tools with internal
cavities by ozone with ultrasonic cavitations in water
medium has been designed and investigated.

1. EXPERIMENTAL SETUP
The first device [9], the ultrasonic bath with volume
28 L (750 x170 x128 mm) has ten ultrasonic emitters
with total power 300 W, and four modular ozone
generators based on dielectric barrier discharges.
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The schematic diagram and common view of the
device for pre-sterilization treatment of endoscopes is
shown in Fig. 1a,b.
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Fig. 1. A —schematic diagram of device for
presterilization treatment; b — common view of the
device

The frequency of ultrasonic emitter comprised
30 kHz with a total power 300 W. Ozone was injected
into ultrasonic bath from 4 modular ozone generators
based on dielectric barrier discharges [10]. Parameters
of generators were as following: 0.3 I/min at dry air

ISSN 1562-6016. BAHT. 2014. Ne6(94)

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2014, Ne6. Series: Plasma Physics (20), p. 230-232.



flow rate, power — 30 W, output ozone concentration —
30 mg/l.

The maximal ozone concentration in distilled water
reached 6 mg/l. An additional pump was used to feed
ozonized water into internal surface of endoscope.

The second device, the working chamber 3.5 liter
glass tube 1 meter long and 8 cm in diameter with one
ozone module and immersion ultrasonic emitter (Fig. 2).

Fig. 2. Sterilizer with glass pipe camera

These devices were equipped with ozone meters and
automatic control microprocessor based system.

The ozone concentration from the reactor was
measured using M454 DIN (USA) ozone monitor and
photoelectric counters. Ozone concentration in water
was determined by monochromatic device MDR-2 on
line with PC. The treated water was analyzed by multi-
monitor RNT-028. Oxidation dynamics of indigo water
solution was measured by means of image analyzer
based on microscope-spectrophotometer MCFU-K
(“Lomo”, Russia).

2. RESULTS AND DISCUSSION

In the first case, we focused on elimination of an
alkali solution from the surface of endoscopic
equipment. To perform pre-sterilization tests, the
“Lotos” washing solution was used. The 1.5 g powder
was dissolved in an ultrasonic bath filed up to 15 liters.
Fig. 3 shows the change of ozone concentration in US
bath.

—o— distilled water
—a— tap water
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Fig. 3. Ozone concentration in ultrasonic bath with
aqueous solution

Ultrasonic sources were switched at 15 min intervals
during ozone injection leading to a temporary reduction
of ozone concentration due to increasing the
temperature of solution. Alkali elimination test was
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carried out every 5 min using phenolphthalein solution
(Fig. 4).

Time (min)

Fig. 4. Changing of the alkali solution on exposition
time

In our case, the turning of the solution to a rose color
indicated the quality of treatment. It was revealed that
the positive result on eliminating the traces of alkali was
achieved after 30 minute exposure.

It was established that to eliminate an alkali solution
from the surface of endoscope by using ozone only
takes 35 minutes, whereas ultrasonic washing without
ozone generation do not provide elimination of alkali.

In the second case a number of experiments were
carried out in order to eliminate organic residue (blood)
from endoscopic equipment. We used the same
technique applied for elimination of alkali. Previously
contaminated tools were placed into the US bath filled
with distilled water. “Delatest” test system was used to
determine the amount of blood traces on the surface of
treated tool. It was revealed that blood traces were still
presented on the surface of the treated tool during
combined action of ozone and ultrasound for
30 minutes. Total elimination of blood traces took place
only after 40 min Separate ultrasonic washing do not
provide positive results.

In order to test our pre-sterilization method a set of
spectroscopic investigations have been carried out
registering optical spectrum change of indigo solution in
water. Fig. 5 shows variation of the optical spectrum in
absorption of indigo solution at a water flow rate
0.3 I/min during exposition time from 10 to 60 minutes.
Indigo solution absorption peak was registered at
520 nm. The absorption peak decreased with increasing
the period of discharge switching on. The change in
color of the indigo solution was also confirmed
visually.
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Fig. 5. Optical spectrum of indigo solution

231



In some cases the “Aniozim” disinfecting solution
was also used in order to increase the efficiency of
sterilization. Such solution is recommended by the
Ministry of Health of Ukraine for pre-sterilization
purposes. This solution was added into ultrasonic bath
with tools contaminated with blood and alkali. After
pre-sterilization during 5, 10, 15 and 20 minutes the
phenolphthalein test and "Delatest” solution method do
not reveal blood and alkali traces on the tools surface.

CONCLUSIONS

The device for pre-sterilization treatment of long-
length surgical tools in ultrasonic bath saturated with
ozone has been designed. Phenolphthalein test method
and "Delatest” solution allowed determining the remains
of alkali and blood, respectively. It was revealed that
total elimination of alkali and blood traces from the
internal and external surfaces of endoscopes in 15 I bath
volume with 1.5 g “Lotos” substance took place during
30 min. It was determined that the best results have
been obtained using combined effect of ozone and
ultrasound, in contrast to their separate utilization.
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YCTPOUCTBA I NPEJICTEPUJIM3AIIMOHHON OBPABOTKH SHJIOCKOINOB 030HOM 1
YJIbBTPA3BYKOM

B.C. Tapan, B.B. Kpacnwtii, A.B. Il[ebemyn, A.C. Jlozuna

IIpencraBnensl  chnenualbHO  pa3pabOTaHHBIE  YCTPOWCTBA Ui MPEACTEPHIM3AIMOHHONW  00paboTKH
JIarapOCKONMYECKOT0, 3JHIOCKOIMYECKOT0 M JPYroro JJIMHHOMEPHOTO XHPYPrHYECKOro OOOpYHOBaHUS OT
OPTaHWYECKHX COEAMHEHWH (KpOBHM) M IIEJIOYM B yJIbTPAa3BYKOBOW BaHHE C 030HOM. IlepBoe ycTpoHcTBO OBIIO
OCHaIIeHo BaHHOH (110 30 11), JecATHIO YIBTPa3BYKOBEIME U3IYYaTeISIMU ¢ 00mIei MomHOCcThI0 300 BT, 11 yeThIpbMs
MOJyJIbHBIMH T€HEPATOPaMH 030Ha HAa OCHOBE AMDIIEKTPHUYECKOTO OapbepHOro paspsaa. Bropoe ycTpoiicTBo — 31O
pabouas kamepa, 00beMOM 3,5 11 B (popMe CTEKISHHOM TpyOBI IUTHHOW | M M THaMETpoM 8 CM C OJHHUM MOIYyJIEM
030Ha M HOTPYXHBIM YJIBTPa3BYKOBBIM H3irydaresieM. Bo Bpemst oOpaboTKM 030HMpOBaHHAs BOJa BBOJIWJIACH BO
BHYTPEHHHE W Hapy>KHbIE MOBEPXHOCTH SHIIOCKOINOB. BbixonHas KOHUeHTpanus o30Ha — 30 MI/II mpH CKOPOCTH
npotoka Bo3ayxa— 0,3 n/mun. Hcnons3ys weron ¢eHonadrasenHoBoii mnpoOb u TecT-cuctemy "Delatest”
OTIpeIeNSIIN OCTATKH IIEJIOYN ¥ KPOBH COOTBETCTBEHHO

MPUCTPOI JUIs1 NEPEJCTEPUIIBALIIITHOI OBPOBKHM EHJOCKONIB 030HOM
I VJIBTPA3BYKOM

B.C. Tapan, B.B. Kpacnuii, O.B. Ll]eobemyn, A.C. Jlo3ina

IIpencraBneni cnemniaabHO PO3pOOJIEHI MPHUCTPOi IS TepeAcTepuIizaliiHoi 0O0poOKH JIamapoCKOMivyHOTO,
€H/IOCKOIIIYHOTO Ta iHIIOTO JOBTOMIPHOTO XipypriyHoro oOJagHaHHA BiJ OpraHiuHUX CIONYK (KpoBi) i Jyry B
yIBTPa3ByKOBiil BaHHI 3 030HOM. [lepmuii mpuctpiit Oy ocHamennit BanHOIO (10 30 1), IecsTbMa YIbTPa3sByKOBUMH
BUIIPOMIHIOBaYaMH 3 3arajbHO0 MOTYXHICTIO 300 BT i 9oTMpmMa MOIyTBHHMH TeHepaTOpaMH O30HY HA OCHOBI
JlienekTpuaHoro 6ap'epHoro po3psimy. Hpyruii mpuctpiid - e podoya kamepa, o6'eMom 3,5 'y Gopmi CKIsSHOI TpyOH
JOBXKHHOIO | M 1 miameTpoM § cM 3 OHHUM MOAYJIEM O30HY 1 3aHYPIOBAJIBHHIM YJIBTPa3BYKOBUM BUIpoMiHIOBadeM. [1ig
yac 00poOKM 030HOBaHA BOJIAa BBOAMIIACS Y BHYTPIIIHI 1 30BHILIHI OBEPXHI €HJIOCKOIIIB. BuXinHa KOHIIEHTpaLlisl 030HY
— 30 mr/n npu mBHIKOCTI MpoToKy mositpst — 0,3 y1/xB. BukopucroBytoun meron ¢enondraneinoBoi npodu i Tect-
cucremy "Delatest" BU3HauaJIu 3aIMIIKH JIYTY 1 KPOBI BIATIOBITHO.
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