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A series of the investigations of the electron beam influence on sanitary-model test cultures and antibiotics in
model solutions has been carried out. For each of the test objects, the authors have found the boundary doses of the
absorbed radiation. The higher doses cause the sharp increase in the bactericidal influence, which becomes com-
plete. The sanitary-bactericidal indices of the water samples remain stable during 6 days. The samples of antibiotics
in various concentrations (from 100 UA) have been irradiated. It is proved that the substratum processing by the
beam (in the regimes 30 kGy) causes diminution and complete neutralization of the antibacterial activity in all

probes of the samples.
PACS: 87.23.-n

1. INTRODUCTION

Lately a new prospective approach to the problem of
the water disinfection takes shape. The approach in-
cludes the application of physical methods (processing
with) -irradiation, electron beams, ultraviolet and ultra-
sound). The use of electron beams is especially prospec-
tive in the branch of disinfection and purification of
waste- waters. Processing of industrial and domestic ef-
fluents with electron beams can provide not only annihi-
lation of pathogenic bacteria but also purification of ef-
fluents from biological and synthetic admixtures. The
advantage of this method of the water purification is
that that its effectiveness is independent of the water
clarity - i.e., the efficiency of beam energy expenditure
makes 100%.

2. TECHNICAL APPROACH

Microbiological objects have been chosen among
sanitary-model microflora of taxonomic groups - such
as the cultures E.coli, Klebsiella pneumoniae, Enter-
obacter cloacae, Citobacter freundii, Serratia
marcescens as well as the plasma-coagulating staphylo-
coccus S.aureus and enterococcus E.faecalis.

Model samples of the test cultures had been pre-
pared and sowed. Their biological characteristics were
studied before and after processing of the model solu-
tions with physical and chemical agents in accordance
with the methodical guidelines.

The beam influence on antibiotics (penicillin, strep-
tomycin and tetracycline) is investigated by the express-
method. In this method, one applies antimicrobial medi-
cations, able to suppress dehydrogenation activity of test
cultures in a rare nutrient medium.

The processes of water disinfection and purification
have been investigated with a laboratory installation,
elaborated in the NSC KIPT. Its principal functional
units are the following: a linear resonance accelerator of
electrons with a system measuring the beam parameters;
a device for the beam extraction into the atmosphere;
contact reservoirs for the water sample processing by ir-
radiation and a measurer of the absorbed irradiation
dose.

For the water sample irradiation with various por-
tions of relativistic electrons, a linear resonance acceler-
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ator of electrons has been used. The parameters of the
beam, generated in the accelerator, are the following:
the electron energy is 3...4 MeV; the electron current is
0.5 A; the current pulse duration is 2 S . If the electron
energy is 4 MeV, the track length of electrons in water
amounts to 2.5 cm.

In the experiments, the mode of the accelerator opera-
tion is chosen so that to provide a broad distribution of
the electrons at the accelerator output. The electron ener-
gy losses in the atmosphere diminish, not exceeding
100...150 keV at the distance up to 30 cm from the accel-
erator output window. The irradiation dose absorbed by
the sample is measured with the help of dacryl sensors.

Water samples have been irradiated in test tubes of
the volume (2...3) ml and specially designed 500-ml
volume pans of stainless steel (the height is 50 cm; the
width is 5 cm; the depth is 2 cm). For the pan pressur-
ization, a 50- H M thick mayoral film is used, which
minimizes the beam energy losses. For irradiation of
samples of large volumes (in the pans), we have
scanned the beam with an electromagnet, placed at the
accelerator output after the extraction window.

3. THE EXPERIMENTAL RESULTS

The study of the beam influence has indicated that,
among the test cultures examined, the following repre-
sentatives of enterobacteria have to be considered as the
most vulnerable to the effect of the given physical
agent: E.coli, E. cloacae, C. Freundii and S. marcescens.

Low-intensive irradiation of model samples of the
given test-cultures (0.8...3.0) kGy has caused the total
annihilation of the bacteria in 54 of the 270 tests (19.6
t 2.4)% during 6 days. In 129 tests (47.0t 2.4)%, we
have observed a partial delay in the microbe multiplica-
tion, an amount of the viable cells being substantially
diminished. In other cases (33.4%), the colony-forming
subpopulations have survived in the initial concentra-
tion. These date indicate that, under the given regimes
of irradiation, there takes place the microbial suspension
disinfection mainly due to getting of the biological ob-
jects into the temporally inactive state. The beam bacte-
riostatic aftereffect is characterized by a steep diminu-
tion in the number of the colony-forming units of enter-
obacteria (10°...107 times as small). Such delay in the
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test-culture development has been observed mainly dur-
ing the first hours after the experiment ((62.8+ 4.3)%).
At the third and sixth days, the number of the model
samples with this specificity has diminished ((2...7)
times as little).

The total annihilation of test cultures of non-capsular
enterobacteria is correlated with the model sample irra-
diation in more intensive regimes - to start from
3.6 kGy.

That is, irradiation of staphylococcus test-cultures
and enterococcus suspensions in the regimes
(0.8...3.0) kGy has not provided for the model sample
total disinfection at the first day. However, at the third
day after the irradiation, the number of the test-objects,
where the beam bacteriostatic effect is detected, has be-
came twice as large. At the sixth day, microbial cells in
all the probes have become sterile. Processing of
staphylococcus cultures and samples of enterococci with
the beam has resulted in the bactericidal effect already
during their irradiation with the doses heightened up to
3.6 kGy.

For instance, in Fig.1 one can see the average in-
dices 1Ig KYO/ml for staphylococci as a function of the
irradiation dose at different days of the observation.
There exist the analogous dependences for the other test
cultures (enterobacteria, enterococci and klebsiella).
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Fig.1. Average indices Ig KYO/ml for staphylococci in
various regimes of the irradiation at the first (1), sec-
ond (2) and third (3) days of the observation

In contrast to the bacteria mentioned above, the total
restoration of the initial concentration of colony-form-
ing units of the subpopulation (10°CFU/ml, the CFU
symbol marks the colony-forming units) at the sixth day
after the processing with the beam is typical of Klebsiel-
la model samples but not a partial destruction of viable
cells. An increase in the power load ((3.6...4.0) kGy) on
the given test cultures has caused a stable decrease in
the number of alive bacteria in (88.11 3.5)% of the
tests. However, in the other cases (11.9t 3.5)%, the fi-
nal result does not differ from the check experiments.
Only the irradiation dose 7.2 kGy results in the bacteri-
cidal effect.

In our further experiments, the results of the model
sample disinfection in small volumes have completely
coincided with the data concerning the irradiation of the
same test cultures in the volumes, substantially larger
(100 times). This testifies to the same nature of the
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physical agent influence both on the cultures in small
and large pans.

The irradiation effect in the bacteriostatic and bacte-
ricidal regimes has been examined from the viewpoint
of detecting the microbes in the association, most resis-
tant to the beam influence. The investigations indicate
that the test-object reaction depends not on the species
of the bacteria in the model solutions but it is correlated
with the concentration of each kind of the bacteria, tak-
en into the investigations. The response reaction of 2-or
3-component microbial associations essentially differs
from the reaction of individual test cultures only in the
cases when their total concentration exceeds the concen-
tration of a single suspension. If the initial density (9 1g
CFU/ml) is preserved after the composition of the asso-
ciation, the beam aftereffect in compound model sam-
ples is the same as in the case of irradiating each mem-
ber of the association under the given density.

The data obtained testify that, for the microbial sus-
pension disinfection, low or medium intensities of the
beam are required. For the destruction of medicaments,
higher energy expenditures are necessary.

The beam absorbed doses within (3.6...7.2) kGy pro-
vide destruction of antibiotics in 19 of 36 samples ((52.8
t 8.3)%) with the antibiotic low concentration

(0.31...5.0) UA, the symbol UA marks “the units of ac-
tivity” and in 9 of 36 samples with higher concentration
of antimicrobial means ((10.0...100.0)UA).
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Fig.2. The beam influence on the antibiotics in the con-
centrations: 5 UA (1); 10 UA (2) and 100 UA (3)

The general pattern of the dependence of the degree
of antibiotic decomposition versus the irradiation dose
for various values of UA is given in Fig.2.

Heightening of the power load up to 15 kGy favors
neutralization of chemical therapeutic medicaments in
25 of 30 ((83.31 6.8)%) model samples in contrast to
44 of 72 ((38.9% 5.7)%) samples, irradiated in the
above-mentioned regimes - i.e., twice as more often.
The further investigations have indicated that the irradi-
ation optimal regimes are achievable with the power
loads that provide absorbed doses from 30 kGy and
higher. In these regimes, antibiotics have been de-
stroyed in all the samples, including those with the
medicaments in high concentrations ((50.0...100.0)
UA).



4. CONCLUSIONS pends on the final density of the model samples. If the

Thus. it is demonstrated that the absorbed doses total concentration of microbial association does not ex-

(2.4...3.6) kGy make the threshold of the sanitary-model ceed that of a monosuspension (10 CFU/ml), the bacte-

florula sensitivity to the beam influence. The bacterici- ricidal doses coincide with those that cause destruction
dal effect has been observed under the model sample ir- ~ ©f the most resistant members of the association.

radiation with the following doses: about 3.8 kGy for _The beam absorbed dose 7.2 kGy decomposes an-

enterobacteria (except Klebsiella, the dose for which tibiotics (penicillin, streptomycin and tetracycline) in

makes 10 kGy); 4.5 kGy for staphylococci and 4.8 kGy the concer}trations (9.31...5.0) UA. If the medicament
for enterococei. concentrations are higher (up to 100 UA), the chemical

It is found out that there is no essential difference in ~ compound is decomposed with the doses (15...30) kGy.
the character of antimicrobial effect between the beam
influence on small and large volumes of model samples
of the test cultures examined.

In the case of the irradiation of 2- and 3-component
associations of test cultures, their response reaction de-
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BJIMSAHUE PEJISITUBUCTCKHUX 3JIEKTPOHOB HA CAHUTAPHO-IIOKA3ATEJIBHBIE
MHUKPOOPI'AHU3MbI U AHTUBNOTUKHN B MOJAEJIBHBIX OBPA3IIAX

B.C.Anmunoe, E.M.baouu, H.B.bepesicnasn, F0.JI. Bonauckuii, O.F0.Kapnenxo, O.®.Kosenuk, E.A.Kopuunoe,
B.A.Kucenee, A.®./Iunnux, I0.H.Cepzuenxo, H.H.Cxknap, B.B. Yckoe, T.B. Xupnasn

BrINOTHEH IUKIT UCCICIOBAHUMN 0 BIMSHUIO AIICKTPOHHOTO My4YKa HA CAaHUTAPHO-TIOKA3aTeIbHEBIC TeCT-KYJIbTY-
pHL ¥ aHTHOMOTHKHU B MOJICIBHBIX pacTBopax. i KaXKJ0ro TeCcT-00beKTa YCTAHOBIICHBI MPECIIbHBIC TO3BI ITOTII0-
LHICHHOT'O O6J'ly‘leHI/Iﬂ, BBIIIIE KOTOPBIX 6aKTepI/IL[I/IL[Hoe ﬂeﬁCTBHe PE3KO YCHUIMBACTCA U CTAHOBUTCA IMOJIHBIM. HpI/I
9TOM 00ecreYnBaeTcsi CTabMIBHOCTh CAHUTApHO-0aKTEPHOJIOTMYECKUX MOKa3aTeaeld 00pa3loB BOABI HA MPOTSDKE-
Hun 6 nuel. [lokazaHo, 9To 00pabOTKa ANMEKTPOHHBIM ITYYKOM MOJCITBHBIX 00pa3i0B aHTHOMOTHKOB, B3SITHIX B KOH-
nenTpanusax 10 100 OA, B pexumax 10 30 k['p mpUBOIMIO K YMEHBIIICHUIO W TIOJHOW HEWTpanu3auu aHTHOaKTe-
pHabHON aKTHBHOCTH BO BCEX MPOOax 0Opa3IoB.

BIIVIUB PEJISITUBICTCBKUX EJIEKTPOHIB HA CAHITAPHO-ITIOKA3OBI
MIKPOOPT'AHI3MHU TA AHTUBIOTHUKH B MOJEJIBHUX 3PA3KAX

B.C.Auminos, €. M.babuu, I.B.bepecna, 10.J1. Bonancovkuii, O.10.Kapnenko, O.®.Koenixk, €.0.Kopninos,
B.O.Kucenvos, A. @.Jlinnik, F0.1.Cepzienko, H.1.Cknap, B.B. Yckos, T.B.Xipna

BuKOHAaHO LMK JOCTIDKEHb 1O BIUIMBY €JEKTPOHHOIO ITydKa Ha CaHITApHO-TIOKAa30Bi TECT-KYJIbTYpPH Ta
AHTHOIOTUKM B MOJEIBHHUX PO3YMHAX.. (7 KOXHOTO TecT-00’€KTa BW3HAYEHO TPAaHWYHI MIO3HM IMOTJIHHYTOTO
BUIIPOMIHIOBAaHHSI, BUIIE SIKUX OaKTEPUIMIHA Jisl PI3KO NOCHIIIOETHCS 1 cTae MoBHOW. [Ipu 11boMy 3a0e3nedyeThest
CTaOLTBHICTh CaHITapPHO-O0AKTEPIONOTIYHIX MOKAa3HUKIB 3pa3kiB Boad mpotsroM 6 1i6. Ilokazano, mo oOpoOieHHs
€JIEKTPOHHHM ITy9KOM MOJENBHUX 3pa3KiB aHTHOIOTHKIB, B3ITHX B KoHIEHTpamisx 10 100 OA, B pexxumax mo 30
k['p mpuBOAMIIO IO 3MEHILICHHS Ta IIOBHOI HEMTpai3alii aHTHOaKTepialbHOI aKTUBHOCTI y BCIX IPO0ax 3pasKiB
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